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Neil is like good wine, improving all the time. The older he gets
the b e becomes. Nothing sad, nothing pathetic no sign of deca-

dence. Nomen est omen is certainly true with Young. The Canadian sin-
ger's latest albums are all musically inspired and filled with some vitriol
lyrics, which make them even more meaningful and poignant.

Never afraid of expressing his strong opinions, Young confirms in his
most recent Lp “the Monsanto Years” that when you have talent even
angry criticism can be a form of art.

“You never know what the future holds in the shallow soil of Mon-
santo, Monsanto. The moon is full and the seeds are sown while
the farmer toils for Monsanto, Monsanto. When these seeds rise
they're ready for the pesticide. And Roundup comes and brings
the poison tide of Monsanto, Monsanto...”.

Even through his Facebook page Young has taken aim at agricultural
giant Monsanto, which has been at the forefront of genetically modified
crops and has filed a lawsuit against the state of Vermont, the first
state to pass a law requiring labels on GM products. The corporation
political lobbying is so evident and unacceptable for Young: “Monsanto
and others simply pay the politicians for voting their way. This is be-
cause of "Citizens United", a legislation that has made it possible for
corporations to have the same rights as people, while remaining immune
to people's laws.”

The agrochemical company views are quite different: "Unfortunately,
for some of us, his current album may fail to reflect our strong beliefs
in what we do every day to help make agriculture more sustainable. We
recognize there is a lot of misinformation about who we are and what
we do — and unfortunately several of those myths seem to be captured
in these lyrics."

“The seeds of life are not what they once were. Mother Nature

and God don't own them anymore”.

Misinformation? Let’s call it art from plain facts. ONE
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Stalling increase in emissions:
a new trend or a temporary blip?

By JEZ ABBOTT

ONE

Spring, the season of new beginnings, also marked the
beginning of something new. In March came data from
the International Energy Agency (IEA) indicating global
emissions of carbon dioxide from the energy sector stal-
led in 2014. This, according to the IEA, is the first time
in 40 years there has been a halt or drop in emissions
of greenhouse gas that was not tied to an economic

downturn.

“This gives me even more hope that humankind will
be able to work together to combat climate change, the
most important threat facing us today,” IEA chief eco-
nomist Fatih Birol said in the month of budding blo-
oms and rising temperatures. Birol's global organisation
works to ensure reliable, affordable and clean energy,

so this latest finding was particularly good news.

Global emissions of carbon dioxide stood at 32.3 bil-
lion tonnes in 2014, unchanged from the preceding
year. The IEA data suggest efforts to slow climate
change may be having a more profound effect on emis-
sions than previously thought. The IEA attributes the
halt in emissions growth to changing patterns of energy

consumption in countries such as China.

In China, 2014 saw more generation of electricity from
renewable sources such as hydropower, solar and wind,
and less burning of coal. Meanwhile efforts in countries

of the Organisation for Economic Co-operation and

Development (OECD) to drive sustainable growth seem
to be doing just that - decoupling economic growth

from emissions, according to the IEA.

Professor Corinne Le Quere, based at the Tyndall Cen-
tre for Climate Change Research at the University of
East Anglia in England, added to the IEA debate. “An
important factor could be that China's coal consum-
ption fell in 2014, driven by their efforts to fight pollu-
tion, use energy more efficiently and deploy

renewables,” she told the BBC.

Efforts to reduce emissions elsewhere would have pla-
yed a role, but there were more random factors such as
the weather and oil, coal and gas prices, she added. Se-
veral factors, therefore, could have led to this welcome
news. IEA has collected data on carbon dioxide emis-
sions for 40 years, but there have been only three times
when emissions stood still or fell against the previous
year. And all were associated with global economic we-
akness: the early 1980s; 1992 and 2009. In 2014, howe-
ver, the global economy expanded by 3%. The IEA
insists “this is no time for complacency”, nor is it a time

to “stall further action” on the environment.

The UK government's former energy and climate
change secretary Ed Davey, who was replaced after the
general election this May, agreed back in March when
the figures were first released. They proved green growth

ONLYNATURALENERGY.COM JULY-SEPTEMBER 2015



was achievable not just for Britain but for the world, he

said.

“However, we cannot be complacent. We need to dra-
matically cut emissions, not just stop their growth. Get-
ting a new global climate deal is absolutely vital, and
the year ahead is going to be of critical importance. The
UK must stay the course and continue to show strong,
decisive leadership in Europe and globally.”

Need for caution becomes even more pronounced fol-
lowing another report, published three months later in
June. Writing about this report in the British newspa-
per the Guardian Dr John Abraham, a professor of ther-
mal sciences, drew attention to the recent talk of global
warming on cable news and from online bloggers that
suggested a hiatus or a halt to global warming.

Not so according Dr Abraham, who insists there is no
halt and never has been. He drew attention to the re-
port, called Possible artifacts of data biases in the recent
global surface warming hiatus. Lead researcher Dr Tho-
mas Karl and colleagues looked at the near-surface tem-
perature records and asked whether they really
suggested a slowdown. The team took into account se-

veral factors.

For example they noticed ocean surface temperature
measurements from floating buoys differed from those
taken by ship-board sensors. The latter are often war-

AR

Yokohama Power Station. Photo credit: ISTOCK

mer than temperatures measured by buoys because of
the heat generated by the ship engine. They also facto-
red in historical changes to how ships measured surface

temperatures and their effectiveness.

“The end result,” according to Dr Abraham in the
Guardian, “is that temperature trends over the past 17
or so years have continued to increase with no halt. In
fact, it has increased at approximately the same rate as
it had for the prior five decades.” He adds: “What this
new paper shows is that the warming in the recent years

has not stopped and has not even slowed down.”

Dr Karl told the newspaper: “Considering all the short-
term factors identified by the scientific community that
acted to slow the rate of global warming over the past
two decades (volcanoes, ocean heat uptake, solar decrea-
ses, predominance of La Nifas, etc) it is likely the tem-
perature increase would have accelerated in comparison
to the late 20th century increases. Once these factors
play out, and they may have already, global temperatu-
res could rise more rapidly than what we have seen so

”

far.

Even more need for caution on the issue is also due in
part to uncertainty on the cause of the alleged pause in
emissions. Is it due to national and international poli-
cies or economic forces! Back in China, for example,
coal forms almost two-thirds of the energy mix. But re-
duction targets, better technology and a lull in heavy
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industry meant an 11% drop in coal imports in 2014
against 2013. In the UK meanwhile, greenhouse gas
emission levels have been decreasing for the past 20
years, according to the government's Department of
Energy & Climate Change (DECC).

DECC data also suggests the biggest reductions have
been in the energy-supply sector due to a fall in use of
coal and gas, while the waste-management sector has
seen fewer emissions from landfill. While there is un-
céstainty.on.causes of the stalling increase in emissions

™

- if indeed ve stalled - most experts agree it is

whether any such drop will continue or

too eatly to
be a tempotary blip in what has been an upward trend
for several years. And even if emissions tumble over the
next few years, warming is likely to continue at a rate

not seen for hundreds of years.

___.-__i

ONLYNATURALENERGY.COM J iJLY—SEPTEMBER 2015

Y

Another factor that may come into play, warns UK en-
vironmental consultancy Sustainable Direction, is gro-
wing concern “a reduction in carbon dioxide storage by
the world’s forests and oceans will outweigh small re-
ductions in greenhouse gas emissions - currently oceans
lock away around half the carbon dioxide we emit, but
as they become saturated the quantity they can draw

down will decrease”.

Critics apart, IEA's Fatih Birol is adamant his organisa-
tion's research will give “much-needed momentum” to
negotiators preparing to forge global climate deals in
future, especially when the United Nations Climate
Change Conference meets in Paris this December.




Fossil Fuels (emissions) here to stay

By EUSEBIO LORIA

ONE

31 percent of GHG emitted globally on an annual basis comes from 32
global energy companies and the population’s use of their products.

Gone are the days of the fossil fuels golden age but we
are still in a period of abundance. New supplies added
to the world market have sent the price of oil plumme-
ting by 40-60 percent and large amounts of new, chea-
per carbon are now in our global energy pipeline. These
shifts in global conditions raise important questions
about the sources and global impact stemming from an

abundance of carbon-intensive energy.

A Thomson Reuters’s new research - Global 500 Green-
house Gas Report: The Fossil Fuel Energy Sector — reveals
greenhouse gas (GHG) emissions data from 32 global
energy companies, a subset of the world’s largest publi-
cly traded businesses. Data around consumers’ use of a

company’s products are included to present a fuller

Credit @Vineent Kessfe"; SO

view of the business’s overall contribution to GHG

emissions.

From 2010 to 2013, GHG emissions from the 32 energy
companies and use of their products increased by 1.3
percent — a sharp contrast to the United Nations Envi-
ronmental Program (UNEP), which recommended in
2014 a 4.2 percent reduction of GHG emissions over
the same time period to keep global temperatures wi-

thin manageable limits.

“Since our last report, energy prices have decreased dra-
matically, economic conditions continue to improve
and consumer habits remain unchanged, yet the data

suggests that more progress needs to be made in cur-




32 Global Energy Firms

{31% of Global GHG)

11.6 GtCO,)

B
LN
|

(100 for 2010

EMISSIONS SCALE

GAP in 2013 = 646 MIO MT CO,

2010
2013
2020F

Figure 2. 32 Global Energy Firms

Source: Global 500 GHG report- Fossil fuel energy sector

2030
2040
2050

Energy companies emitting a total of 31% of GHG on an annual basis 2013 and 2010

bing greenhouse gas emissions,” said Tim Nixon, direc-
tor of Sustainability at Thomson Reuters, and a co-au-
thor of the report. “While energy companies will need
to play a leading role reducing greenhouse gas emis-
sions, consumers and regulators must also play impor-
tant roles if global greenhouse gas emissions are to be

reduced.”

In addition to contributions from the Carbon Disclo-
sure Project and the Climate Accountability Institute,
self-reported GHG emissions data was gathered from
energy sector businesses and combined with estimates
pulled from ASSET4 - a TR leading provider of envi-
ronmental, social and corporate governance (ESG)

data. ASSET4 gathers standardized, objective, quanti-

tative and qualitative ESG data on more than 4,800 pu-

blicly listed companies.

“The main goal of this new report is to provide for grea-
ter transparency into this important sector of the Glo-
bal 500 from a greenhouse gas perspective,” said John
Moorhead, executive manager of BSD Consulting, and
co-author of the report. “If we are to balance our needs
for energy with our harmful effects on our environment
and subsequent generations, it is critically important
for energy consumers and producers alike to reduce
total fossil fuel consumption, particularly in its most
carbon intensive forms, and achieve the target of 1.4
percent or greater yearly reduction in GHG emissions.”

Very distant goal. And we have done very little so far.
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[t is a typical day and Italy is shaking.

[ am standing in the monitoring room at the National
Institute of Geophysics and Volcanology, in Rome, and
I watch the earthquakes taking place in real time. At
least two people staff the room 24 hours a day, 365 days
a year. The quakes—terremoti, or earth motions, as they
say in Rome—pop up as red, yellow and black dots on a
series of screens that cover the front wall. When [ arrive,
just before noon, there have already been four quakes
of a magnitude greater than 2.0 recorded that morning
in Italy. There have also been 16 smaller quakes. Most
of these have been concentrated in an area northwest
of Florence, which is experiencing what’s known as an
earthquake “swarm.” By the time I leave the room, an
hour or so later, two more terremoti have jolted the

area.

“It’s a quiet day,” Giulio Selvaggi, a seismologist at the
institute, tells me. Selvaggi is a trim man with dark hair,

light eyes and a dry wit. “For the moment,” he adds.

Thanks to the northward drift of Africa, the “boot” of
[taly is gradually being compressed, like a leg being pu-

shed from below. Meanwhile, for reasons no one enti-

~ IZABETH KOLBERT

l mithsonian Magazine

rely understands, the country is also expanding laterally,
like a thigh growing wider. The net result is that Italy is

known, perhaps euphemistically, as “seismically active.”

Small earthquakes happen all the time; every decade or
so, there’s a major one. (Repeated quakes are one of the
main reasons ancient Rome now lies in ruins.) A se-
quence of quakes in Assisi in 1997 killed at least ten
people and destroyed a series of world-renowned fre-
scoes in the Basilica of San Francesco. In 2002, twenty-
seven schoolchildren died in the southern region of
Molise when a quake destroyed the roof of their school.

Today, whenever there’s an earthquake in Italy of a ma-
gnitude greater than 2.5, one of the technicians in the
monitoring room in Rome picks up a red phone and
reports it to the country’s Department of Civil Protec-
tion. This way, the department can explain to nervous
citizens why their pictures have dropped from the walls
or their dishes have rattled. What would be a lot more
useful, of course, would be a system that alerts residents
minutes, hours or better still days in advance of a
quake. People could then take real precautions. They
could secure artworks and other valuables. They could

fasten down their furniture and evacuate their homes.



The most recent major earthquake struck in April
2009, in the mountainous region of Abruzzo. More
than 300 people were killed, thousands were left home-
less and the picturesque center of the region’s capital,
L' Aquila, was left in ruins. Outside the region, the
L Aquila earthquake is famous not so much for the de-
vastation that it caused as for the legal battle that en-
sued, one that essentially put the science of earthquake

prediction on trial.

The city of UAquila sits about an hour and a half nor-
theast of Rome, on a hilltop shadowed by some of the
highest peaks of the Apennines. The mountain chain,
which runs down the center of Italy’s leg, like the seam
of a stocking, is among the country’s most seismically
dangerous areas, and it has a long history of tragedy. In
1461, a quake largely destroyed I’Aquila; this happened
again in 1703. A magnitude 6.9 quake centered in the
nearby town of Avezzano killed more than 30,000 peo-
ple in 1915. The LU Aquila quake six years ago had a ma-
gnitude of 6.3 and, because its center was close to the
surface of the earth, it was unusually destructive.

The drama of the 2009 earthquake began in the fall of
2008, when L Aquila experienced a seismic swarm. Do-
zens of tremors shook the city, most too minor to be
felt. The swarm continued through the early months of
2009, and some of the tremors were powerful enough
to prompt school evacuations. People began to worry
that the shaking was a sign that a disaster was immi-
nent. Their anxieties were heightened by an amateur
seismologist named Giampaolo Giuliani, who claimed
he could predict quakes on the basis of radon levels.
(Radon, a colorless, odorless radioactive gas, is present
in small quantities in most rock formations.) Giuliani
had installed radon detectors around LU Aquila and re-
ported seeing levels rise sharply, which, by his account,

represented a dire warning.

To address the mounting sense of panic, Italy’s Natio-
nal Commission for Forecasting and Preventing Great
Risks held a special meeting in U Aquila. The seismolo-
gists present pointed out what was known: U Aquila was
in a high-risk area. Seismic swarms only rarely precede

major quakes. Meanwhile, studies had shown that

radon spikes had no forecasting value.

A week after the commission met, on April 6, at 3:32
a.m., the quake struck. It lasted only 20 seconds, but
the damage was enormous. Survivors described a roa-
ring sound, a hideous shaking and a cascade of debris.
“It was like being in a blender,” a ’Aquila resident who
lost his wife and daughter in an apartment building col-

lapse would later tell the journal Nature.

Grief turned quickly to outrage. How could the experts
have failed so badly? One government official from the
National Department of Civil Protection had gone so
far as to state before the quake that the seismic swarm
in U Aquila had reduced the danger of a major event, a
claim based on a misunderstanding of the underlying
science. Some residents said this statement had convin-
ced them to stay inside on the night of the quake and
that this, in turn, had cost family members their lives.
In 2010, six of the scientists who’d participated in the
meeting in CAquila were charged with manslaughter,
along with the government official. One of the scien-
tists was Giulio Selvaggi, then director of the National
Institute of Geophysics and Volcanology. “I couldn’t
believe it,” Selvaggi told me of the indictment. “I

thought it was a mistake.”

The prosecutors in the case argued that, while there
might be no way of reliably predicting earthquakes, the
scientists were nevertheless criminally negligent, as
they’d failed to adequately assess the risk of a quake. To
the defendants, this was a distinction without a diffe-

rence.

“An earthquake is unpredictable, so the risk is unpre-
dictable,” Selvaggi said to me. Scientists all around the
world—indeed, scientists across fields—condemned the

case as a witch hunt tricked out with statistics.

“The charges against these scientists are both unfair and
naive,” the head of the American Association for the
Advancement of Science, Alan Leshner, wrote in an
open letter to the Italian president. The American Geo-
physical Union warned that the case could have a dan-

gerous rebound effect, discouraging scientists “from

JULY-SEPTEMBER 2015
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advising their government or even working in the field

of seismology” because of the legal risks.

The trial, which was held in U’ Aquila, lasted more than
a year. All those charged were found guilty. Prosecutors
had recommended four-year prison terms; the judge
handed down sentences of six years. The defendants’
guilt, he explained, was “severe.” One of those convic-
ted, Claudio Eva, a seismologist from the University of
Genoa, called the decision “very Italian and medieval.”

The appeal of the LAquila verdict took another two
years. At its conclusion, the six scientists were all acquit-
ted, though for the seventh defendant—the government
official—the verdict was upheld.

At the time [ visited Selvaggi, his conviction had just re-
cently been overturned, and he still seemed deeply sha-
ken by the experience. He felt confident that he’d done
nothing wrong, but he found the wrath of the victims’
families difficult to bear. Meanwhile, his teenage chil-
dren had a tough time dealing with the negative publi-
city surrounding the trial. “It was terrible,” he said.
Alessandro Amato, one of Selvaggi’s colleagues at the
institute, told me that the damage to the reputations of
the scientists will be hard to undo. “The second verdict
stated that the scientists were not responsible legally,”
he said. (Amato, who was not involved in the case, is
now working on a book about it.) “But most people still

think they are. So many people

into view were the many construction cranes poised
over it, their long, steely arms outlined against the

clouds. I counted 30 before losing track.

When I arrived at an enormous piazza in the city center
it was almost completely deserted. The buildings lining
the piazza—shops, churches, elegant palazzos—were co-
vered in scaffolding. In the window of a defunct bar, a
handwritten sign advertised a soccer game scheduled
for April 6, the very date the quake struck.

As we walked, Galadini told me about how the city had
been built and rebuilt over the centuries, quake after
quake. CAquila was founded in the 13th century by Fre-
derick II, Holy Roman Emperor and King of Sicily, to
counter the power of the Papal States. According to le-
gend, the residents of 99 surrounding villages abando-
ned their homes to move there. Records of quakes
extend nearly as far back: Medieval documents attest to
a major earthquake in 1315 and multiple damaging
quakes in 1349. Another strong quake struck in 1456,
and the quake in 1703 very nearly destroyed the city.

Many of the city’s historical buildings were restored
after 1703, Galadini said. “Those suffered damages” in
2009, he told me. “But the most dramatic fact is that
the strongest damage was not suffered by historical buil-
dings. It was suffered by modern buildings.” In one

well-known case, a wing of a dormitory constructed in

1965 collapsed, killing 11 uni-
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Not long after I visited the In-
stitute of Geophysics and Vol-

canology, I took a bus from

Rome .to ]T’Aquila. A geolo.gi.st Tyrrhenian

at the institute named Fabrizio s

Galadini, who works on archa-

eoseismology—the study of
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covered in scaffolding and
held together by steel braces.
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: e Most were locked up, but occa-
/i “:5 sionally it was possible to peer

¥y inside and see men working
among piles of rubble. Gala-
dini said he thought some
Naples; ¢ buildings would never be re-
paired, but would remain as
“seismic fossils.” We arrived at
Santa Maria di Paganica, an

enormous stone cathedral con-



structed in the 14th century, which had %
been restored after the 1703 earthquake.
The walls were still standing, but the roof
had collapsed. A temporary roof of plastic
sheeting had been constructed to keep out
the rain, but this was now in tatters. “It’s
a sort of symbol of the earthquake,” Gala-
dini said.

Finally, we got to a newer building, con-
structed, Galadini speculated, in the
1960s or "70s. The front wall, which had
no central support, had completely given
way. It seemed that nothing inside had
been touched in the intervening six years.
In a ground-floor apartment, I could see
a jumble of broken tiles and plumbing,
piles of clothes, and, on the walls, someone’s collection

of coasters.

[ asked Galadini what he thought the effect of the
L’Aquila trial had been. He said it had pushed scientists
in Italy to become latter-day Cassandras, always erring
on the side of catastrophe. This was true not just in sei-
smology, but also in unrelated disciplines, like meteo-
rology: “If you say a hurricane is coming here, if the
hurricane does not affect this area, OK, nothing has
happened,” he said. “But if a hurricane occurs here,
you can say, ‘Ah, I told you! For geologists, seismolo-
gists, the effect is quite simple. If people ask me, ‘Can
you reassure us about the possibility that an earthquake
will occur or not!” I 'say, ‘No. I cannot reassure anybody.
An earthquake may occur any minute!””

*kkxhkkkhkxk

People have been trying to predict earthquakes probably
for as long as they’ve lived in structures that could fall
down on top of them. The early theories now sound
farfetched. Aristotle, for example, thought that quakes
could be foretold by looking at the sky. “A little, light,
long-drawn cloud...like a long very straight line” was,
he wrote, a sign of danger. Modern seismology is often
said to have begun with the man who coined the term,
an Irish engineer named Robert Mallet. Mallet became
curious about the subject in the 1840s, after reading

about earthquakes that had devastated Calabria, in sou-
thern Italy.

In order to study earthquakes more effectively, Mallet
decided to stage some on his own. Using buried casks
of gunpowder, he set off explosions in the sand of Kil-
liney Beach, south of Dublin. Then, in December 1857,
there was a major earthquake near Naples, which killed
10,000 people. With the help of Charles Darwin, who
had a lifelong interest in geology, Mallet convinced Bri-
tain’s Royal Society to send him to Italy to view the de-
struction. He concluded—correctly—that earthquakes
send out shock waves that radiate in all directions. (He
also coined the word “epicenter.”) Mallet wasn’t sure
what caused earthquakes. He believed they were proba-
bly the result of some sort of underground explosions.
But he realized what people really wanted to know was
not so much the why of earthquakes as the when and
where.

“It will occur to many to ask, Can the moment of the
occurrence or the degree of intensity of earthquake
shock be predicted?” he wrote. “It is neither impossible
nor improbable that the time shall arrive when...such
forewarnings may be obtainable.” In other words: per-

haps, someday.

A century after Mallet, an explanation for what causes
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earthquakes was finally found with the discovery of ¢
plate tectonics. When tectonic plates move—as they're
always doing, albeit very slowly—their edges can lock.
Stress accumulates until, eventually, the locked blocks
" of rock abruptly slip past each other and the earth rum-
bles. (The strength of an earthquake depends on a
~ complicated interplay of factors, including the physical
= S properties of the rock and the distance the fault slips
_as the plates release from their grip.) Plate tectonics
: " made it seem possible that obtaining “forewarnings”
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by that point, the U.S. Congress had already budgeted

tens of millions of dollars to finance research into a re-

liable method of quake forecasting. Japan, another sei-

smically active country, poured tens of millions of ey
dollars into a similar program. -
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98 out of 100 times you'll be wrong. Most swarms end

not with a bang, but with a whimper.

A report by the International Commission on Ear-
thquake Forecasting for Civil Protection, which was set
up in the aftermath of the CAquila quake, put it blun-
tly: “The absence of simple foreshock patterns preclu-

des their use as diagnostic precursors.”

Studies of radon spikes and bulges in the earth’s surface
and changes in electromagnetic emissions and fluctua-
tions in groundwater chemistry have all yielded the
same negative results. So has research into weird animal
behavior. (One of the signs Chinese officials supposedly
used to predict the 1975 Liaoning quake was the unu-
sual behavior of the region’s snakes, which were seen
slithering around in the middle of winter.) Though it’s
tough to perform a rigorous analysis of bizarre animal
reactions, Susan Hough, a seismologist with the U.S.
Geological Survey, reported on the “handful” of con-
trolled experiments that have been done in this area in
her book Predicting the Unpredictable: The Tumul-
tuous Science of Earthquake Prediction. One study loo-
ked at the number of newspaper ads placed by people
looking for lost pets. Another looked at the behavior of
rodents in earthquake-prone southern California. The
studies “never demonstrated any correlation,” Hough

wrote.

After more than 40 years of intensive research, seismo-
logists have yet to find a signal that can reliably be used
to forecast a major quake. “Earthquake science is a field
in which the most fundamental problem—reliable ear-
thquake prediction—remains to be solved,” Hough ob-
served.
R

Of the many seismically active regions in Italy, none, in
a manner of speaking, is more active than Cesano, a su-
burb of Rome about 15 miles north of downtown.
There, on the campus of the Italian National Agency
for New Technologies, Energy and Sustainable Econo-
mic Development, known as ENEA, researchers routi-
nely stage earthquake disasters in the hope of averting
them.

The work takes place in an enormous hangarlike buil-
ding known around the campus as the seismic hall. The

building is a sort of architectural bazaar, filled with mo-

dels of existing and imagined structures. On the day I
visited, the inventory included miniature apartment
buildings; a small-scale medieval tower; a model of the
cathedral dome of San Nicolo All’Arena, in Sicily; and
several statues. The apartment buildings, made of steel
and concrete, were about 30 feet tall and big enough to
walk around inside. Gerardo De Canio, an ENEA en-
gineer who was showing me around, pointed to a large
metal plate, 13.5 feet by 13.5 feet, embedded in the
floor. This, he explained, was the “shaking table.” The
table can be programmed to simulate any sort of quake.
It could, for example, be set to mimic one of the recent

Tuscan tremors or the quake that destroyed the center

of CAquila.

The question of whether seismologists will ever be able
to predict earthquakes is one that still divides the field.
To some, the fact that no reliable signal has yet been
found simply means more research is needed. To
others, it’s an indication that such a signal doesn’t exist.
“Nothing is hopeless,” is how one Italian geologist put
it to me. “What I say is, Now we do not know how to
predict earthquakes. So we have to face the problem:

What to do in this time when we do not predict qua-
kes.”

In the seismic hall, De Canio and his colleagues study
new methods of construction as well as ways to retrofit
old structures to make them more stable. The architec-
tural models, which are so heavy they have to be moved
around by crane, are placed on the shaking table, a
quake is set in motion, and the engineers watch what
happens. De Canio showed me a video of a recent test.
As the table shook, a mini-apartment building collap-

sed in a shower of dust.

We crossed the hangar to look at a pair of replicas of
ancient statues. The originals, known as the Bronzes of
Riace, were crafted in the fifth century B.C., and they
dazzled the art world when they were discovered, in
1972, by a diver in the Mediterranean. Now on exhibit
at a museum in Calabria, they depict two naked Greek
warriors with rippling muscles and great beards. The
Bronzes of Riace are particularly vulnerable because,
like actual people, they have no support except their
feet. To protect the statues, De Canio and his team de-

signed flexible bases, with shock absorbers, internal



springs and a series of balls, like oversized marbles, that
allow them to roll around instead of snapping off at the

ankles.

ENEA is planning to build a similar base for Michelan-
gelo’s David, which, after spending centuries outdoors
in Piazza della Signoria, a public square in Florence, is
displayed at the Galleria dell’Accademia. Like the Bron-
zes of Riace, the David is unusually vulnerable because
its entire weight—some 12,000 pounds—is supported
only by the statue’s feet and a narrow marble tree
stump. Already there are cracks in the stump and along
the statue’s left ankle.

During the recent swarm of tremors in Tuscany, the Ita-
lian government announced that it would allocate
€200,000 for a new earthquake-resistant base, but so
far, De Canio told me, the funds had not yet been re-

, '1': r -
Six years after the quake first struck, the city of LAquila is still rebuilding. The recovery is estimated to cost at least $16 billion. (Paclo Verzone)

leased. In his office above the test floor, De Canio sho-
wed me a foot-high model of the David; a larger model
would be built next.

“We are ready for the David,” De Canio told me. Then
he shrugged. When I got home that evening, I checked
the website of the National Institute of Geophysics and
Volcanology, where interested citizens can get the latest
information on terremoti. Over the previous 24 hours,
there had been one magnitude 3.1 earthquake, in ea-
stern Sicily; six other earthquakes measuring over 2.0;
and doubtless many smaller quakes that were not repor-
ted on the website. By Italian standards, at least, it had
been a quiet day.

Originally published
in the Smithsonian Magazine
June, 2015
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The rise of electricity storage:
Something for everybody

By JOHN P. BANKS

Brookings

The barrage of news about the progress and promise of
electricity storage in the last year just got another jolt
from two disparate sources: the U.S. Department of
Energy (DOE) and Tesla Motors. On April 21, DOE re-
leased the first installment of the Quadrennial Energy
Review (QER) focusing on improving the nation’s
energy infrastructure and notably referring to “energy
transmission, storage, and distribution,” emphasis
added. On April 30, Tesla’s CEO Elon Musk announ-
ced two new business lines: the PowerWall, a re-char-
geable lithium ion battery for homes (in either a 10
kWh or 7 kWh size), and the PowerPack, a 100 kWh
battery for grid applications.

These are only two items in a dizzying array of projec-
tions, market developments, reports, and statistics
emerging in the last year, highlighting that storage is ar-
guably THE big story in the electricity industry. The
U.S. Energy Information Administration recently indi-
cated that non-hydro storage capacity in the United Sta-
tes has doubled in the last five years, to 350 MW.

A report from Greentech Media and the Electricity Sto-
rage Association estimated that the U.S. energy storage
market grew 40 percent in 2014 over the previous year,
adding 62 MW of storage-and they predict an additio-
nal 220 MW will come online in 2015.

The growth in the storage market is not limited to the

United States: [HS CERA projects that 40 GW of sto-

rage will be connected to the grid globally by 2022.
Electricity storage benefits

Unlike discussions surrounding net metering and roof-
top solar PV, storage appears less controversial. It’s easy
to see why—storage provides many benefits across the
entire grid. In research we've conducted at Brookings,
a cross-section of stakeholders describe storage as “emis-
sions-free capacity,” a source of “time value,” and “a
great way to make intermittent resources more valua-
ble.” Indeed, storage can help the entire electricity sy-
stem operate more efficiently and offers something for

everybody:

1. At the wholesale level it can provide ancillary services
such as frequency regulation;

2. In generation, it can help integrate variable renewa-
ble supply;

3. In transmission, it can provide congestion relief;

4. In distribution, it can provide volt/VAR and peak
capacity support;

5. On the customer side, it can provide back-up power

and store excess onsite energy generation.

With the advent of more widespread deployment of ro-
oftop solar PV, there has been particular excitement on
the customer side of the meter for combining residen-
tial solar PV with storage. SolarCity and Telsa are par-
tnering to offer a rooftop solar PV and battery package,

Storage can help the entire electricity system operate more efficiently




and Sungevity and Sonnenbatterie have agreed to offer
a solar-plus-battery integrated system. Wall Street also
recognizes the solar-plus-storage potential. In May 2014,
Barclays stated “we believe a confluence of declining
cost trends in distributed solar PV and residential scale
power storage is likely to disrupt the status quo.” And
UBS in August 2014 said that “Solar systems and bat-
teries will be disruptive technologies for the electricity

system.”
A burgeoning storage market

But the enthusiasm for storage also extends to the front
of the meter. In a recent Utility Dive survey, utility exe-
cutives were asked to choose the top three technologies
they should invest in, and the majority chose storage.
The reasons are clear: Storage could help utilities firm-
up renewable generation, integrate customer-sited di-
stributed generation, and manage peak load, among
other benefits. Indeed, as Katherine Hamilton, policy
director at the Electricity Storage Association recently
pointed out at a panel that [ moderated on storage at

Johns Hopkins University, of total storage capacity de-

ployed in the United States in 2014, 90 percent was in

front of the meter, and 10 percent was behind the meter
(most of the latter was in the commercial sector).

What'’s driving the burgeoning storage market are the
inter-related factors of policy and cost declines in sto-
rage systems, especially batteries. First, we are seeing
more supportive policy and regulations at the state and
federal level. As Hamilton explained, there are several
main policy drivers for storage: the increasing deploy-
ment of variable renewable energy generation, the need
to address resilience, grid edge innovation, and the
EPA’s Clean Power Plan (CPP). Regarding the CPP,
over the next 15 years, in addition to reducing fossil
fuel generation, we are going to need 40 GW of peak
capacity, and storage can play a role in meeting those
peaks. Examples of leading policy efforts include Cali-
fornia’s mandate under A.B. 2514 for the three inve-
stor-owned utilities in the state to procure 1.3 GW of
storage capacity by 2020, and Hawaii, New York, and
New Jersey are also actively promoting storage. The Fe-
deral Energy Regulatory Commission (FERC)’s Order
755 calls on the ISOs/RTOs to allow storage to partici-
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pate in ancillary service markets, specifically to provide
frequency regulation.Costs are also declining. One
study estimated that the cost of lithium ion battery
packs for electric vehicles declined 8 percent annually
between 2007 and 2014. EPRI forecasts that lithium
ion battery packs will be one-quarter of their 2010 price
by 2022. These trends in policy and technology are im-
pacting the market and two big announcements in No-
vember 2014 are illustrative. Southern California
Edison (SCE) released the results of a procurement—
designed to develop a portfolio of resources to replace
the retirement of the San Onofre nuclear station and
several large natural gas generation units—in which it
awarded contracts for 260 MW of storage. Oncor, the
largest transmission and distribution company in Texas,

announced plans to invest over $5 billion in storage.
Electricity storage challenges

Nevertheless, there are important challenges. First, costs
remain high. Lazard’s most recent levelized cost of elec-
tricity analysis indicates that battery storage costs are
still well above other technologies. But cost issues go be-
yond the battery itself. As Craig Irwin, clean tech ana-
lyst at ROTH Capital Partners emphasized at the Johns
Hopkins panel, it is critical to reduce costs in suppor-
ting infrastructure such as cooling systems—especially
for larger MW-scale deployment—and inverters. He
added that other improvements are needed in develo-
ping a systematic approach to site specification and
buyer education beyond the technologies proposed by

specific vendors.

Moreover, one of the key lessons of the last 20 years is
“that you have to own your supply chain.” In this re-
gard, Tesla’s partnership with Panasonic in the $2 bil-
lion development of its Gigafactory designed to
produce enough lithium ion batteries for 500,000 cars
annually, could move the needle in reducing battery
costs. Irwin suggested that today the 85 kWh battery in
Tesla’s Model S costs about 25 cents per watt hour,
compared to other batteries in the 45 to 50 cents per
watt range. With Tesla’s goal of knocking costs down
to 10 cents per watt hour, this should help drive down
lithium ion battery costs worldwide, but it will also af-
fect the competitiveness of other battery chemistries. In

addition, there are a number of other unanswered que-

stions about Tesla’s business model, especially regarding

cost at the residential level.

Second, supportive policy and regulatory frameworks
need to be in place to help create markets. The example
of PJM is illustrative. Of the 62 MW deployed in the
United States last year, two-thirds was deployed in PJM’s
territory. Indeed, at utility scale, the biggest market is
PIM, largely responding to FERC Order 755. The re-
sult, according to Scott Baker, senior business solutions
analyst at PJM, is that there are currently 100 MW of
storage in the PJM market with another 500 MW in the
interconnection queue indicating that “clearly this mar-
ket is not slowing down.” But, overall, the wholesale an-
cillary services market is small, with Baker describing it
as a “starting point to prove the capability of storage

and allow the wholesale market to evolve.”

However, one of the challenges for owners of storage
participating in a competitive wholesale market is the
unevenness of the revenue stream. For this reason,
SCE’s recent procurement of 260 MW of storage capa-
city changes the landscape. For example, Colleen Lue-
ken, director of market analytics at AES Energy Storage
noted that the company not only operates as a mer-
chant in PJM, but also now has a competitively procu-
red power purchase agreement (PPA) to provide storage
as capacity and as a flexible resource: AES was selected
by SCE to provide 100 MW of in-front-of-the-meter bat-
tery storage in the West Los Angeles Basin. This is a far
more certain revenue stream than bidding ancillary ser-
vices into PJM.

Third, figuring out the right policy and regulatory fra-
mework requires more progress in sorting out how to
monetize the value of storage in different applications.
The basic challenge is that the flexibility of storage—in
terms of services it can provide—makes it difficult to fit
into existing regulatory rules. As Lueken of AES noted,
“to access the full value of energy storage you need to
break up the resource from a revenue perspective and
be able to provide benefits for different applications.”
Arnie Quinn, acting director of energy policy and in-
novation at FERC echoed this sentiment indicating
that “We need to move away from the question of
where storage fits, to whether it’s the right solution.”

There is progress in this area: Quinn believes that “who-



US legislation the key driver in the
energy storage market

Last April Tesla Motors unveiled its Powerwall and Po-
werpack lithium ion batteries for homes and utility-scale
applications, which could facilitate an increased role for
wind and solar energy resources. Both wind and solar
have so far been limited by a need for storage options to
address the intermittent nature of their generation.

As well synthesized by Enerkol, a US based regulatory
data cloud software company,in its “‘New Storage Techno-
logies Open Doors for Wind and Solar’, recent studies
from GTM Research and ESA project the United States
deploy 220 MW of energy storage in 2015, more than
three times the 2014 level.

By 2019, energy storage is projected to represent a 861
MW annual market valued at $1.5B, with behind-the-
meter storage accounting for 45 percent of overall sto-
rage market.

lesale markets are moving toward attribute based com-
pensation where we define the attribute of the service

we want, and then compensate it.”
What comes next for electricity storage?

In sum, there is great potential for storage both in front
of the meter and on the customer side of the meter.
Costs need to come down, but the longer-term trajec-
tory indicates that this will happen, and policies and re-
gulations to incentivize storage need to continue to be
implemented to spur the creation of markets. The
DOE’s QER is a step in the right direction, calling for
the establishment “a framework and strategy for storage

and flexibility.”

In the near-term, it is likely that most of the market de-
velopment and storage capacity deployed will be at the
grid-scale in competitive markets such as PJM, but the
SCE procurement certainly highlights the impact of
supporting policy and regulation in spurring competi-
tively procured PPA-type arrangements. In addition, Ca-

lifornia’s investor owned utilities have initiated the first

» State legislation and requlations are key drivers in the
energy storage market.

* California, New York, Hawaii, and Texas have all intro-
duced policy initiatives designed to facilitate revenue op-
portunities and reduced costs of storage integration and
interconnection. These initiatives have opened opportu-
nities for energy storage companies.

» While the focus of distributed energy resources has pri-
marily occurred through state-level policy initiatives, fe-
deral legislation and requlations could re-define the
market structures that impact energy storage.

» States would have to consider rates for distributed
energy resources in an unbundled manner, enhancing
consumers’rights to connect distributed resources to the
grid,and ensuring proper compensation for grid owners
and operators.

* The US Department of Energy’s (DOE) Quadrennial
Energy Review (QER) released in April recognizes energy
storage as a key functionality to provide grid flexibility,
and it signals a continued focus from the Obama Admi-
nistration on creating a strategy for flexible storage so-
lutions. (Alice Masili/ONE)

round of storage auctions in response to the state’s
mandate, with final project selection and submission
to the California Public Utilities Commission for ap-

proval this coming fall.

In the longer-term, solar-plus-storage could become in-
creasingly economic on the customer side. Indeed, as
Hamilton of the Electricity Storage Association descri-
bed, the three biggest storage markets in the residential
sector are California, Arizona, and Hawaii and what
they all have in common is lots of solar. But beyond se-
lected markets, residential-scale storage systems such as
Tesla’s PowerPack won’t likely lead to mass defection
from the grid in the next five to 10 years. The important
point, however, is that Tesla’s announcement—and all
the other recent news—is exciting because it shows the
progress and potential of a technology with multiple ap-
plications and benefits across the grid, providing some-

thing for everybody.

Originally published
by Brookings.edu
May 8, 2015
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Four reasons why the transition
from fossil fuels to a green energy era
Is gaining traction

By MICHAEL T. KLARE

Tomdispatch.com

Don’t hold your breath, but future historians may look
back on 2015 as the year that the renewable energy
ascendancy began, the moment when the world started
to move decisively away from its reliance on fossil fuels.
Those fuels ~ oil, natural gas, and coal -~ will, of course,

continue to dominate the energy landscape for years to
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come, adding billions of tons of heattrapping carbon
to the atmosphere. For the first time, however, it appe-
ars that a shift to renewable energy sources is gaining
momentum. If sustained, it will have momentous im-
plications for the world economy ~ as profound as the

shift from wood to coal or coal to oil in previous cen-




turies. Global economic growth has, of course, long
been powered by an increasing supply of fossil fuels,
especially petroleum. Beginning with the United States,
countries that succeeded in mastering the extraction
and utilization of oil gained immense economic and po-
litical power, while countries with huge reserves of oil
to exploit and sell, like Kuwait and Saudi Arabia, be-
came fabulously wealthy. The giant oil companies that
engineered the rise of petroleum made legendary pro-
fits, accumulated vast wealth, and grew immensely po-
werful. Not surprisingly, the oil states and those energy
corporations continue to dream of a future in which

they will play a dominant role.

“Fossil fuels are our most enduring energy source,” said
Ali Al-Naimi, Saudi Arabia’s minister of petroleum and
mineral resources, in April 2013. “They are the driving
force of economic development in the U.S., Saudi Ara-
bia, and for much of the developed and developing
world [and] they have the capacity to sustain us well into
the future.”
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But new developments, including a surprising surge in
wind and solar installations, suggest that oil’'s domi-
nance may not prove as ‘enduring” as imagined. “Ra-
pidly spreading solar technology could change
everything,” energy analyst Nick Butler recently wrote
in the Financial Times. “There is growing evidence that
some fundamental changes are coming that will over
time put a question mark over investments in old

energy systems.”

Normally, transitions from one energy system to ano-
ther take many decades. According to Vaclav Smil of
the University of Manitoba, the shift from wood to coal
and coal to oil each took 50 years. The same length of
time, he has argued, will be needed to complete the
transition to renewables, which would leave any green
energy era in the distant future. “The slow pace of this
energy transition is not surprising,” he wrote in Scien-

tific American. “In fact, it is expected.”

Smil’s analysis, however, assumes two things: first, that
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a business-as-usual environment in which decisions
about energy investments will largely be made within
the same profit-seeking outlook as in the past will con-
tinue to prevail; and second, that it will take decades
for renewables to best fossil fuels in terms of cost and
practicality. Both assumptions, however, appear increa-
singly flawed. Concern over climate change is already
altering the political and regulatory landscape, while
improvements in wind and solar technology are occur-
ring at an extraordinary rate, rapidly eliminating the
price advantage of fossil fuels. “The direction of change
is clear,” Butler writes.
With the cost of rene-
wable installations fal-
ling, solar power has
moved “from being a
niche supplier to being
a major regional com-

petitor [to fossil fuels).”

Experts largely agree
that renewables will
claim a larger share of
the global energy bud-
get in the years ahead.
Nevertheless, most
mainstream  analysts
continue to believe that
fossil fuels will be the
dominant form of

energy for decades to come. The U.S. Department of
Energy (DoE) typically predicts that the share of world
energy provided by renewables, nuclear, and hydro com-
bined will climb from 17% in 2015 to a mere 22% in
2040 ~ hardly change on a scale that would threaten the
predominance of fossil fuels. There are, however, four
key trends that could speed the transition to renewables
in striking ways: the world’s growing determination to
put a brake on the advance of climate change; a sea
change in China’s stance on growth and the environ-
ment; the increasing embrace of green energy in the de-
veloping world; and the growing affordability of

renewable energy.
Taking Climate Change Seriously

Resistance to progress on climate change is widespread

and well entrenched. As Naomi Klein documents in
her latest book, This Changes Everything, the major
fossil fuel companies have mounted well-financed cam-
paigns for years to sow doubt about the reality of cli-
mate change, while politicians, often in their pay, have
obstructed efforts to place restraints on carbon emis-
sions. At the same time, many ordinary people have
been reluctant to acknowledge what's happening and
so consider steps to bring it under control (a phenome-
non examined by George Marshall in Don’t Even
Think About It). As the devastating effects of extreme

weather, including
droughts, floods, and
ever more powerful
storms, gain greater
prominence in every-
day life, however, all of

this is clearly in flux.

Considerable evidence
can be assembled to
this

sment, including recent

support asses-
polling data, but per-
haps the most impres-
sive indication of this
shift can be found in
the carbon-reduction
plans major nations are
now submitting to
U.N. authorities in preparation for a global climate
summit to be held this December in Paris. Under a
measure adopted by delegates to the most recent sum-
mit, held last December in Lima, Peru, all parties to the
U.N. Framework Convention on Climate Change
(UNFCCC) are obliged to submit detailed action plans
known as “intended nationally determined contribu-
tions” (INDCs) to the global climate effort. These
plans, for the most part, have proven to be impressively
tough and ambitious. More important yet, the num-
bers being offered when it comes to carbon reduction
would have been inconceivable only a few years ago.

The U.S. plan, for example, promises that national car-
bon emissions will drop 26%-28% below 2005 levels by
2025, which represents a substantial reduction. There

are, of course, many obstacles to achieving this goal,



most notably the diehard resistance of Republican legi-
slators with strong ties to the fossil fuel industry. The
White House insists, however, that many of the measu-
res included in the INDC can be achieved through exe-
cutive branch action, including curbs on carbon
emissions from coal plants and mandated improve-

ments in the fuel efficiency of cars and trucks.

Other countries have submitted similarly ambitious
INDCs. Mexico, for example, has pledged to cap its
carbon emissions by 2026, and to achieve a 22% reduc-
tion in greenhouse gas levels by 2030. Its commitment
is considered especially significant, since it’s the first
such pledge by a major developing nation. “Mexico is
setting an example for the rest of the world by submit-
ting an INDC that is timely, clear, ambitious, and sup-
ported by robust, unconditional policy commitments,”
the Obama White House noted in a congratulatory sta-

tement.

No one can predict the outcome of the December cli-
mate summit, but few observers expect the measures it
may endorse to be tough enough to keep future increa-
ses in global temperatures below two degrees Celsius,
the maximum amount most scientists believe the planet
can absorb without incurring climate disasters far be-
yond anything seen to date. Nevertheless, implemen-
tation of the INDCs, or even a significant portion of
them, would at least produce a significant reduction in
fossil fuel consumption and point the way to a different

future.
A Sea Change in Chinese Energy Behavior

Of equal importance is China’s evident determination
to reduce its reliance on fossil fuels ~ a critical change
in stance, given its projected energy needs in the deca-
des to come. According to the DoE, China’s share of
world energy consumption is expected to jump from an
already impressive 19% in 2010 to 27% in 2040, with
most of its added energy coming from fossil fuels.
Should this indeed occur, China would consume ano-
ther 88 quadrillion British thermal units of such energy
over the next 30 years, or 43% of all added fossil fuel

consumption worldwide. So any significant moves by

China to reduce its reliance on those energy sources, as
now being promised by senior government officials,
would have an outsized impact on the global energy

equation.

China has not yet submitted its INDC, but its plan is
expected to incorporate the commitments made by Pre-
sident Xi Jinping in a meeting with President Obama
in Beijing last November. Xi promised to cap China’s
carbon emissions by 2030 and increase the share of
non-fossil fuels in primary energy consumption to
around 20% by that time. He also agreed to work with
the U.S. “to make sure international climate change ne-
gotiations will reach agreement as scheduled at the Paris

conference in 2015.”

Although the Chinese plan allows for continued
growth in carbon emissions for another 15 years, it sub-
stantially reduces the amount of new energy that will
be derived from fossil fuels. According to a White
House statement, “It will require China to deploy an
additional 800-1,000 gigawatts of nuclear, wind, solar,
and other zero-emission generation capacity by 2030 -

more than all the coal-fired power plants that exist in
China today.”

[t appears, moreover, that Chinese leaders are preparing
to move even faster than their pledge would require in
transitioning away from fossil fuels. Under pressure
from urban residents to reduce punishing levels of
smog, the authorities have announced ambitious plans
to lessen reliance on coal for electricity generation and
rely instead on hydropower, nuclear, wind, and solar
power, as well as natural gas. “We will strive for zero-
growth in the consumption of coal in key areas of the
country,” Premier Li Keqgiang told the National People’s
Congress, China’s legislature, this March.

As in the United States, the Chinese leadership will
face opposition from entrenched fossil fuel interests, as
well as local government structures. However, their evi-
dent determination to reduce reliance on oil and coal
represents a real change of mood and thinking. It’s li-
kely to result in a far different energy landscape than
the one laid out by the Department of Energy and,
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until recently, most other experts. Despite repeated pre-
dictions of ever-increasing coal consumption, for in-
stance, China actually burned less coal in 2014 than in
the previous year, the first such decline in decades. At
the same time, it increased its spending on renewable
forms of energy by an impressive 33% in 2014, investing
a total of $83.3 billion ~ the most ever spent by a single
country in one year - to a renewable future. If China
leads the way globally and such trends continue, the
transition from fossil fuels to renewables will occur far

sooner than expected.
Green Goes Global

The giant oil companies have long acknowledged that
the most advanced countries, led by the U.S., Japan,
and Europe, would eventually transition from fossil
fuels to renewables, but they continue to insist that de-
veloping nations ~ eager to expand their economies but
too poor to invest in alternative energy ~ will continue
to rely on fossil fuels in a big way. This outlook led Ex-
xonMobil and other oil firms to make massive inve-
stments in new refineries, pipelines, and other
infrastructure aimed at satisfying anticipated demand
from the global South. But surprise, surprise: those
countries are also showing every sign of turning to re-

newables in their drive to expand energy output.

The global South’s surprisingly enthusiastic embrace of
renewables is impressively documented in Global
Trends in Renewable Energy Investment 2015, a recent
collaboration between the Frankfurt School of Finance
and Management and the U.N. Environment Pro-
gramme. It reports that the developing countries, ex-
cluding China, spent $30 billion on renewables in
2014, a substantial rise over the previous year. Together
with China, investment in renewables in the developing
world totaled nearly as much as that spent by the deve-
loped countries that year. Significant increases in spen-
ding on renewables were registered by Brazil (for a total
of $7.6 billion), India ($7.4 billion), and South Africa
($5.5 billion); investments of $1 billion or more were
posted by Chile, Indonesia, Kenya, Mexico, and Turkey.
Given how little such countries were devoting to a re-
newable future just a few years ago, consider this a sign
of changing times.

No less striking is the degree to which oil-producing

countries are beginning to embrace green energy. In Ja-
nuary, for example, the Dubai Electricity and Water Au-
thority awarded a contract to Saudi Arabia’s ACWA
Power International to build a 200-megawatt, $330 mil-
lion solar electricity plant. The deal received wide-
spread attention, as ACWA promised to deliver
electricity from the plant for $58.50 per megawatt-hour,
one-third less than the cost of natural gas-fired genera-

tion.

“This is a major breakthrough in the oil-fired Emirates
and a clear demonstration of the ongoing global energy
transition,” suggested Mark Lewis of Kepler Cheuvreux,
a European financial services company. “We think this
is a landmark deal both in terms of the extremely com-
petitive cost at which the project will generate power
and the potential for a much greater take-up of renewa-
bles in countries that have so far been slow to embrace

them.”
The Falling Price of Renewables

As the Dubai deal indicates, price is playing a crucial
role in the shift from fossil fuels to renewables. Listen
to the apostles of coal and oil and you’d think that poor
countries had no choice but to rely on their chosen
form of energy because of its low cost compared to
other fuels. “There are still hundreds of millions, bil-
lions of people living in abject poverty around the
world,” said Rex Tillerson, the CEO and Chairman of
ExxonMobil. “They need electricity they can count on,
that they can afford... They'd love to burn fossil fuels
because their quality of life would rise immeasurably,
and their quality of health and the health of their chil-

dren and their future would rise immeasurably.”

Until recently, this would have been gospel among
mainstream energy experts, but the cost of renewables,
especially solar power, is dropping so rapidly that, even
in a moment when the price of oil has been halved, the
news on the horizon couldn’t be clearer: fossil fuels are
no longer guaranteed a price advantage in delivering
energy to developing countries. Among the harbingers
of this change: the cost of solar photovoltaic cells (PVs)
has plunged by 75% since 2009 and the cost of electri-
city generated by solar PVs has fallen globally by 50%

since 2010. In other words, solar is now becoming com-



petitive with oil and na-
tural gas, even at their
currently depressed pri-
ces. “Cost is no longer
a reason not to proceed
with renewables,” con-
cluded a report released
by the National Bank of
Abu Dhabi in March.
Says Lewis of Kepler
“Over

time, as renewable-te-

Cheuvreux:

chnology costs continue to come down and economies
of scale continue to increase, the relative competitive-
ness of renewables in the global energy mix will only in-

crease further.”

Keep in mind as well that developing nations have a po-
werful reason to favor renewables over fossil energy that
has nothing to do with price and everything to do with
costs of another sort. As the most recent reports from
the U.N.s Intergovernmental Panel on Climate
Change (IPCC) make clear, poor countries in the global
South will suffer more (and sooner) from the ravages
of climate change than countries in the global North.
This is so because these countries are expected to expe-
rience some of the sharpest declines in rainfall and so
the most droughts, endangering the food supply for
hundreds of millions of people. Combine such con-
cerns with the plunging prices of renewable energy, and
it appears that the transition away from fossil fuels will
occur faster than predicted in the very regions that the

oil companies were counting on for their future profits.
A New World’s A-Coming

Add up these factors, all relatively unexpected, and one
conclusion seems self-evident: we are witnessing the
start of a global energy transition that could turn expec-
tations upside down, politically, environmentally, and
economically. This transformation won’t happen over-
night and it will face fierce opposition from powerful
and entrenched fossil fuel interests. Even so, it shows
every sign of accelerating, which means that while we
may be talking decades, the half-century horizon pre-

Developing nations
have a powerful reason
to favor renewables
over fossil energy that has

nothing to do with price and
everything to do
with costs of another sort

viously offered by ex-
perts like Vaclav Smil is
probably no longer in
the cards.

Fossil fuels - and the
companies, politicians,
and petro-states they
have long enriched -~
will lose their domi-
nant status and be over-
taken by the purveyors

of renewable energy far more quickly than that.

Even with the quickening of investment in green te-
chnology, the likelihood that world temperatures will
be held at a 2 degrees Celsius rise, that all-important
threshold for catastrophic damage, is unfortunately va-
nishingly small. Which means that our children and
grandchildren will live in a distinctly less inviting world.
But as the destructive effects of climate change become
more pronounced and more embedded in daily life
across the planet, the impetus to slow the warming phe-
nomenon will only intensify. This means that the urge
to impose strict curbs on fossil fuel consumption and

the companies that promote it will grow, too.

We’re talking, in other words, about the building of ge-
nuine momentum for an energy transition which, in
turn, means that the majority of people alive on the pla-
net today will experience the ascendancy of renewables.
As with previous energy transitions, this shift is going
to produce both winners and losers. Countries and
companies that assume early leadership in the develop-
ment and installation of advanced green technologies
are likely to prosper in the years ahead, while those
committed to the perpetuation of fossil energy will see
their wealth and power decline or disappear. For the
planet as a whole, such a transition can’t come soon

enough.

Originally published
by Tomdispatch.com
April 16,2015
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Falun Data Center will be connected to the iocal
energy system, which in 2013 was praised :by Glo-
bal District Energy Climate Award 2013 in New
York as one of the world’s best. The excess heat

from the servers and IT equlpment will warm the

buﬂﬁdmgs m,.-Falun throuﬁhe district heating sy-

from thﬂ

.l.l,h.-

summer trrr_lpe;excess steam
ca ﬁctnaty plant will run the machines coo-

ling the data center. ik

“We are connecting the data center to an already
sustainable energy syspem and can make use of

the energy'"‘ﬂlereby we are bu1ld1r1 e Very'nf rst
climate polpltrve data center in the world”, says
Bengt Gustafsson, CEO of Falu Energi & Vatten.
The electricity powering Falun data center comes
only from solar, wind and water power as well as

secondary biofuels. The first bu11d1ng of three will

be completed in the first quarter of 2016 ONE
sl
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Bringing the age of steam
into the information age

By TOBY LOCKWOOD
ONE

How cutting edge sensor and control technologies are helping
coal plants to clean up their act.

‘Greetings from the Stone Age’ proclaimed the German
newspaper Siiddeutsche Zeitung upon the opening of a
brand new coal power plant near Hamburg this year,
reflecting the growing view that coal power is yesterday’s
technology. However, the mounting pressure faced by
coal plants to stay relevant in a cleaner power sector is
actually compelling them to make use of increasingly

futuristic technologies.

Nowhere is this more the case than in a plant’s control
system, which acts as its central nervous system and is
tasked with finding a ‘sweet spot’ that satisfies the often
conflicting goals of high energy efficiency and cleaner
emissions. On top of this, as the use of intermittent
wind and solar power expands rapidly in countries like
Germany and the USA, coal plants are increasingly
obliged to turn their output up and down in a manner

Moorburg (Germany): in late February 2015 regular operation of the first of the two units began. Photo: © Vattenfall.




which makes it even more challenging for their control

systems to keep everything running smoothly.

In these demanding conditions, the system needs both
more sensory data to work with and more advanced
software which is able to make sense of the daunting

complexity of a large power plant.

In the past, the furnace of a coal plant was essentially a
black box into which coal and air were fed, and from
which a mixture of gases and ash emerged on the other
side. Relatively little information was available on the
exact nature of the flows in and out, and still less on
the combustion processes occurring within, making it
difficult to accurately adjust the critical ratio between
air and coal. Although the coal needs enough air to
consume as it burns, too much air represents an energy
loss to the plant, as well as encouraging the formation

of the strictly regulated pollutant, oxides of nitrogen.

On top of this, with large furnaces feeding coal and air
through dozens of separate burners, hitting the best
ratio on a global scale is no guarantee that the whole
furnace is well mixed and free from areas with too much

or too little air.

To help the control system balance out and optimise
the combustion process, plants have been making use
of newer technologies which give them a much better

idea of what’s going on inside the furnace.

US-based company Zolo Technologies installs a grid of
infrared lasers which criss-cross the furnace and use
spectroscopy to map out levels of critical gas compo-
nents like oxygen, carbon monoxide (a key indicator of

poor combustion), and oxides of nitrogen.

An alternative approach for mapping temperature va-
riation across the furnace is provided by Enertechnix,
who place sound wave transmitters and receivers
around the furnace to measure the temperature-depen-
dent speed of sound through the hot combustion gases.
The detailed information generated by these systems is
then fed to the control system and used to balance out

and optimise the levels of each parameter.

The importance of these sensor
technologies has been fully
recognised by the United States

Department of Energy, to help

bring the country’s huge fossil

fuel fleet into a low carbon age

Even with the extra data being generated by sensors like
these, a power plant has such a large number of varia-
bles to adjust that it can be difficult for operators to
identify exactly which combination will give the best re-
sults, particularly when the grid’s power demand can
change so unpredictably.

Over the last decade, plants have therefore begun to in-
stall advanced software known as ‘combustion optimi-
sers’ which help control systems by generating a
complex model of how each combination of control ac-
tions will affect the plant. Rather than being based on
physical principles, these models use complex mathe-
matical algorithms such as neural networks, which are
trained on operational data to mimic the response of
the plant to various inputs. With more and more com-
puting power readily available, these models have be-
come increasingly powerful and capable of predicting
how the plant will respond even in rapidly changing

conditions.

The importance of these sensor and control technolo-
gies has been fully recognised by the United States De-
partment of Energy, which is funding a research drive
into how they can be developed even further to help
bring the country’s huge fossil fuel fleet into a low car-
bon age. This programme is focussing particularly on
designing sensors which will be able to survive in the
even harsher conditions likely to prevail in coal power
plants of the future, whether they are using hotter fur-
naces to generate higher steam temperatures, or first

‘gasifying’ the coal for use in more efficient gas turbines.

Many of the sensors being developed are miniaturised,

solid state devices which can packaged and deployed in
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large numbers to maximise the flow of data from the
process. However, traditional silicon-based chips are not
able to withstand the temperatures of over 1000°C en-
countered in coal furnaces, gasifiers, and gas turbines.
Novel materials such as high temperature ceramics or
silicon alloys are instead being employed for the fabri-
cation of more robust devices, with new gas sensor de-
surface area

signs even making use of high

‘nanomaterials’ to enhance their performance.

In the US and elsewhere, there is growing interest in
replacing microelectronic sensors altogether with opti-
cal devices which use light instead of electrons as their
medium for sensing and transmitting information. Not
only can optical fibres be made from high temperature
materials like sapphire, they are immune to signal in-
terference from the electromagnetic noise which
abounds in power plants. Miniaturised devices are also
possible, as sections of individual optical fibres can be
engineered to modulate light according to the tempe-
rature, pressure, and chemistry of their environment.

One idea being investigated at the University of Massa-
chusetts is to surround the furnace with optical fibres
which can both generate and detect sound waves, allo-
wing the temperature profile of the whole space to be

mapped out in three dimensions.

This ability of optical fibres to simultaneously report
on the environment along their entire length is another
property which makes them particularly useful. Whilst
many of the basic concepts being explored have already
been used in other industries, making them viable at
such high temperatures poses a real challenge to resear-
chers.

To better protect these sensors, as well as bring them
closer to the processes they’re monitoring, researchers
are also attempting to actually embed them into power

plants components such as steam pipes and turbine bla-

des.

This idea relies on the relatively new and revolutionary
technology of additive manufacturing, in which solid
objects are made from the bottom up by selectively bin-
ding together successive layers of a precursor material.

For example, a turbine blade can be fabricated by using

a pair of lasers to melt together powdered metal, point
by point and layer by layer. Using this technique, rese-
archers at Herriott-Watt University in the UK have pla-
ced optical fibre sensors within a blade during the
fabrication process, producing a ‘smart part’ which can
report on how it is coping in the demanding physical
and chemical environment of a gas turbine. This appro-
ach allows the failure of components to be preempted,
and equipment to be run closer to its limits with redu-
ced risk. The prospect of plants containing large net-
works of miniaturised sensors has also prompted a new
look at the computational approaches which can make

best use of the growing quantities of data.

By combining wireless communication technology with
microelectronics which shift processing power to the
level of the sensor, there is a possibility of highly inter-
connected networks of ‘smart’ sensors which can com-
municate and make control decisions amongst
themselves, without needing higher level supervision.
Some of the algorithms best suited to managing this
kind of scenario take their inspiration from biological
systems such as ant colonies, where complex behaviour
emerges from a large number of entities making simple

decisions.

This could be an effective means of dealing with control
of larger, more complex power plants which defy at-
tempts to create a global model of the system. Such is
the size of the coal fleet in the USA, the Department
of Energy has calculated that even the incremental im-
provements to plant efficiency and reliability gained
from these technologies could represent yearly savings
of 358 million dollars and 14.4 million tons of carbon
dioxide. Considering the even greater impact that could
be made by applying successfully commercialised te-
chnologies to the still larger coal capacity in China, the
value of such improvements in mitigating the impact of

the power sector cannot be underestimated.

Above all, it demonstrates that this kind of hitech la-
boratory research should not just be limited to making
our computers run faster, but to helping clean up the
power they consume - even when it comes from ‘stone

age’ sources like coal.
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Russia completes design papers
for Fukushima tritium removal

By World Nuclear News

Russia's Atomproekt has completed the draft design
and working documents for a demonstration unit to se-
parate tritium from contaminated water at the Fuku-
shima Daiichi nuclear power plant in Japan.
Construction of the facility is expected to start early

next year.

If the demonstration unit is successful, a full-scale faci-
lity could be built at the plant to remove tritium from
400 cubic metres of contaminated water per day. An
Atomproekt statement yesterday said that talks with Ja-
panese experts on the design of this facility had already
started.

Atomproekt said the documents it has completed detail
the design, construction, piping, ventilation and elec-

trical systems for the demonstration facility that would
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verify the performance of tritium separation techno-
logy. They also include land resettlement and architec-

tural solutions, the company said.

Saint Petersburg-based Atomproekt was commissioned
in February to develop the documents by another Ro-
satom subsidiary, FSUE Radioactive Waste Manage-
ment Enterprise (RosRAQO).

The Japanese government in August selected RosRAO
- and the Khlopin Radium Institute - as one of three

overseas companies for the demonstration project.

The other two companies Japan's Ministry of Economy,
Trade and Industry (METI) selected to demonstrate
their respective technologies are the USA's Kurion and
GE-Hitachi Nuclear Energy Canada.




The aim of the demonstration projects is both to verify
the tritium separation technology and also to assess the
construction and operating costs for full-scale imple-
mentation of the technology at the Fukushima Daiichi
plant. The technology must be capable of removing tri-
tium from water with concentrations of 0.6 and 4.2 mil-
lion bequerels per litre and to be expandable to process
more than 400 cubic metres per day.

A fund to subsidise the projects is being managed by
the Mitsubishi Research Institute on behalf of the
Agency for Natural Resources and Energy, part of
METIL. The upper limit for subsidies will be JPY 1 bil-
lion ($9.4 million) per project. The projects will run
until the end of March 2016. While the current decon-
tamination equipment at Fukushima Daiichi is able to
remove some 62 nuclides from the contaminated water,
it is unable to remove the tritium in it. METI said it has
yet to decide whether to introduce tritium removal fa-

cilities at the plant.

Tritium is produced during the operation of water-coo-
led reactors and its usual disposal route is a monitored
outflow to a large body of water, but public opinion in
Japan will not allow this. Atomproekt noted that, toge-

Fukushima Reactor 4

ther with the Leningrad District branch of RosRAQ, it
had worked on the development of a facility for proces-
sing liquid waste contaminated with tritium in 2011.
This technology, called Triton, "can significantly reduce
the volume of radioactive waste to prepare it for safe di-

sposal", Atomproekt said.

RosRAO began operations in 2009 for the manage-
ment of used nuclear fuel, non-nuclear radioactive
waste, and decommissioning services, especially of sub-
marines. Then in 2011, NO RAQO was created to con-
solidate these activities as the national manager of
Russia's used nuclear fuel and radioactive waste. Ro-
sRAQO aims to be a global provider of back-end fuel cycle

services.

Atomproekt - the former VNIPIET (All-Russia Science Rese-
arch and Design Institute of Power Engineering Technology),
which since 2013 incorporates Saint Petersburg Atomenergo-
proekt (SPbAEP) - designs nuclear power projects, radiochemi-

cal plants and waste facilities.

Originally published
by World Nuclear News
July 9, 2015
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structed. From the beginning of
2010 to mid-2012, the ratio of
plants halted to plants completed
was nearly 2:1. From mid-2012 to
mid-2014, this increased to more
than 6:1. The report puts this down
to a variety of factors, among them
the "Coalgate" scandal concerning
the corrupt allocation of coal mi-
ning rights between 2004-9. The
coal industry in the EU and US is
already in decline. In the EU, de-
spite the addition of 14,469 mega-
watts of capacity, a further 17,580
megawatts were retired, leading to a

net loss of 3,112 megawatts.

Readiness

Not all proposed coal plants are
equally likely to come to fruition.
The report differentiates between
projects that are already in an ad-
vanced state of development and
those with less certain futures.
Around 635 gigawatts of the total
1,083 gigawatt pipeline appeared li-
kely to progress towards construc-
tion, whereas 448 gigawatts was
more speculative. In the future, this
could shift the geographical balance
of where the coal industry has most
success. Many of the most advanced
projects are distributed across south
Asia and Europe/Turkey, which
means that these regions are more
likely to see their proposed projects
go ahead.

This report's conclusions are an im-
provement on previous projections,
but not enough to prevent global
warming of more than two degrees
Celsius. In 2013, the Intergover-
nmental Panel on Climate Change
announced that the world had a

40

"carbon budget" - an overall limit to
the amount of carbon dioxide that
can be emitted to prevent global
warming exceeding this internatio-
nally agreed target. This budget was
estimated to be 870-1,240 gigaton-
nes of carbon dioxide. The combi-
ned, cumulative lifetime emissions
of 842 gigatonnes emitted by exi-
sting infrastructure, as well as coal-
fired power plants currently
proposed or under construction,
would almost be enough to single-
handedly blow the lower end of this
budget, even if the current cancella-
tion rate of 2:1 continued. This
means that even more projects must
be canned in order to give the world
a good chance of remaining below
the two degree target. A recent arti-
cle published in the science journal
Nature suggested that 80% of the
world's coal reserves need to stay in
the ground to meet this goal. The
[EA says that the amount of energy
that the world gets from coal needs
to fall by around a third by 2040 to
aim for a less than two degree fu-

ture.

Stranded assets

The current rate of coal project can-
cellations is already causing a heada-
che for investors in the industry,
Ted Nace, one of the report's au-
thors, tells Carbon Brief: "The clea-
rest example right now is in coal
mining stocks like Peabody, Arch,
and Alpha Natural Resources. Ar-
ch's stock, for example, hit $75 per
share in 2008 and now sells for 88
cents per share. An individual or an

institutional investor that invested

$75,000 in Arch stock in 2008

would have lost over $74,000 in the
past seven years."

The decline in the European and
US coal fired capacity growth has
been taking place for over a decade,
but mining companies had hoped
that exports to China and other Pa-
cific Rim nations would help to
make up the difference. This has
not happened. China's coal con-
sumption fell by 2.9% in 2014,
while the use of existing coal plants
dropped to 54% - a 35-year low. Me-
anwhile, new renewable energy ca-
pacity exceeded new coal capacity in
China for the first time in 2013,
and then again in 2014 - although
coal remains the dominant source
of Chinese electricity. The rate at
which projects are being shelved in
India has also had an impact on
connected projects overseas, ex-
plains Nace: "With capacity growth
stalling in India, numerous overseas
mega-projects such as mines, railro-
ads, and terminals designed to in-
crease imports of coal to India are
now on turning into white ele-

phants."

The rate at which coal plants are
being cancelled is an improvement
upon previous estimates on the fu-
ture growth of the industry. But
with international efforts targeted
towards keeping global warming to
below two degrees, the news that
there is still 1,083 gigawatts of coal
capacity in the pipeline is little cause

for celebration.

Originally published
by Carbon Brief
March 16, 2015
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The Coonawarra train station used to be one of the stops along the Mount Gambier railway
line, which opened in 1887. Hardly you will find a more minimal train station - the design

is extremely simple: a box and a cylinder in the middle of nowhere. Since early 2000s even

tourist trains have stopped passing there.
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