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Fast power 
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Lisa Davis and Roland Busch, Managing Board Members, Siemens AG

Disruption occurs when a good – and sometimes 
 also very obvious – idea questions entire industries. 
Disruption in the energy industry? Yes, indeed, 
 given the many developments that have arisen in 
this sector within a short period of time and the 
 fundamental changes in technologies and business 
models. Who would have thought ten years ago that 
today, more plants or capacity installations for pro-
ducing energy from renewable sources are being 
built than those using fossil fuels? Who would have 
thought that energy systems can be managed digi-
tally to balance consumption and production in real 
time? Who would have thought that end-consumers 
might also become producers of electricity? And who 
would have thought that energy systems would be 
viewed holistically today and include the various 
consumer-side sectors? 

The next disruptive factor will be the management 
of sector coupling, the complex interplay between 
electricity, heat, and consumption. It also includes 
transportation, which is playing an increasingly im-
portant role in this context as electromobility contin-
ues to make headway. At the heart of the problem 
are the high proportion of feed-in fluctuation caused 
by renewable sources of energy, the massive tech-
nological progress that has been achieved, the 

Dear reader,
competitiveness of the total costs of energy, and 
the political framework. Without sector coupling, it 
will not be possible to organize the energy industry 
of the future efficiently, even as total global energy 
 requirements are constantly growing and the need 
to reduce greenhouse gases is one of the most 
pressing challenges of our times. 

We talked to Clemens Hoffmann, head of the pres-
tigious Fraunhofer Institute for Wind Energy and 
Energy System Technology, to gain an insight into 
what the multimodal energy system of the  future 
may look like. 

Distributed energy systems will be playing an 
even more crucial role in the future. The decisive 
point is that energy will be produced where it is con-
sumed. We visited an industrial plant in Mexico and, 
elsewhere in this issue, explore the question of how 
mobile power stations will be used to secure energy 
supplies, particularly in the emerging markets, in 
such a way that power is available even in the absence 
of the necessary energy infrastructure.

We invite you to find out more about these topics 
in the latest issue of our magazine and wish you 
 inspiring reading! 

   “ Multimodal 

of energy.”

applications
will make electricity

the most

flexible source
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Fast power from mobile plants
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Low-noise blade mimics owl wing
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Paulo Lucena, manager of the advanced
metering infrastructure at Eletrobras
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Hans Sautter

“For the feature in Thailand I wanted to illustrate the density 
of power consumption in heavily air-conditioned Bangkok,” says 
renowned photographer Hans Sautter, who has been based in 
Asia for over 40 years. “The rainy season with its many storms was 
perfect to indicate the need to stabilize power. Sudden weather 
changes made photography exciting but a real challenge.”

Marc Engelhardt and  
Bernd Schumacher

Award-winning journalist Marc Engelhardt  
(right) has been writing about renewable 
energies from the start. When filmmaker 
Bernd Schumacher and he interviewed 
Clemens Hoffmann at a Fraunhofer lab in 
Kassel, Germany, he was intrigued to see 
how green electrical energy can permeate 
all energy domains: “From heat to gas to 
transport, renewable energy is the new 
status quo.”

“Working on a multimedia 
 project about an advanced 
 metering system installed for 
the Eletrobras power utility 
in Brazil, filmmaker Tomi Streiff, 
photographer André Vieira, 
 producer Roman Elsener, and 
I saw the development chal-
lenges Brazil faces firsthand,” 
says Bogotá-based journalist 
Chris Kraul. “But we also saw 
how the right technologies 
are helping the country to 
move forward.”

Mario Wagner

“Complex and quite abstract topics such 
as fast power have always had a particular 
appeal to me,” says artist and illustrator 
Mario Wagner, who works out of Berkeley, 
California. “But that’s also where the 
 challenge lies – implementing the topic  
in such a way that the reader is offered  
an  interesting entry point.”

Niels Anner

Copenhagen-based journalist Niels 
Anner visited the tiny Swedish town 
of Finspång for a workshop on addi-
tive manufacturing: “It was fascinating 
to see the engineers’ and designers’ 
enthusiasm for this new technique. 
3D-printing multiplies their options 
in the development and production 
of gas turbine parts, letting them 
 design things they have dreamt of 
for a long time.”

Contributors

Chris Kraul, Tomi Streiff, André Vieira, and Roman Elsener
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Combating nontechnical losses

According to the World Bank, the rate of nontechnical losses 
of distributed electricity poses a significant challenge to the 
viability of public-private partnership projects. It hinders de-
velopment plans to extend services to underserved areas and 
improve services to existing customers. Nontechnical losses 
include illegal connections, tampering with metering equip-
ment, and refusal to pay for service. Estimates put losses in 
emerging markets due to energy theft close to US$60 billion 
annually. The Energia+ project in Brazil showcases a solution 
to tackle this issue.

Decline of offshore wind energy costs
Siemens aims to lower offshore wind levelized cost of electricity 
(LCoE) to below €0.08/kWh by 2025 – a further cost reduction 
of over one-third compared with current costs. For this to happen, 
 significant efficiency gains in offshore wind power generation 
will be needed over the next decade, requiring concerted action 
across a number of cost drivers. Different factors come into play: 
improving the power ratings of wind turbines, reducing installa-
tion costs with innovative foundations, cutting operational costs, 
and making grid access solutions more cost-efficient.

The fuel changeover 
challenge
Fuel flexibility denotes the ability to burn a wide 
range of gaseous fuels in a gas turbine while con-
trolling their emissions. Economically as well as 
ecologically, it makes a lot of sense to use what-
ever fuels are available at a given time to their 
best potential, in compliance with stringent emis-
sion regulations. That means that a combustion 
system will have to cope with – at times rapid – 
changes in the fuel’s chemical composition.
One indicator of interchangeability is the Wobbe 
index, which measures the gaseous fuel’s calorific 
value in relation to the specific gravity (kcal/Nm3) 
and is used to compare the combustion energy 
output. Fuels in a similar Wobbe range will usual-
ly require similar burner settings.

The Road to reaching below €0.08/kWh (FID) by 2025

2014 2020 2025 2030

Wind turbine Foundations OPEX Annual energy 
production

Grid 
connection

0.145 /kWh€ 0.100 /kWh€< 0.080 /kWh€<

5 cost-down levers

Roadmap until 2030
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Director of the Fraunhofer 
Institute for Energy and 
System Technology since 
2012, Clemens Hoffmann 
liaises closely with industry 
for his applied research.
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Multimodal energy systems

Electricity, heat, gas, and transportation have long 
been separate energy domains. But bridging the divide is 
the key to a  successful and economically viable energy 
transformation, says Clemens Hoffmann, director of the 
 renowned Fraunhofer  Institute for Wind  Energy and 
 Energy System Technology.

Interview: Marc Engelhardt     Photos: Bernd Schumacher 

Mind the gap

hy are multimodal energy systems, also 
 known as sector coupling, so crucial for the 
energy transition?

Wind and solar, by far the most important sources of re-
newables, provide more energy than we can immediately 
use. In the case of Germany, we are expecting at the end 
of the century to have an installed capacity in both wind 
and solar of 400 gigawatts, while the predicted consump-
tion at that point will only be 80 gigawatts. On the other 
hand, there will be instances when there is not enough 
power available due to low winds or cloudy skies. To solve 
that problem, we have to make sure that we can store the 
energy from power peaks that we have, for instance, on 
windy January days. Over 100 gigawatts will be lost if the 
corresponding loads are missing. This is the gap multi-
modal energy systems have to fill.

What are the options?
Physics dictates a certain logic, and this is: First, use 
as much electric power as possible for powering electric 
cars. Then, use it to generate heat. Lastly, use power to 
produce synthetic fuels like hydrogen or methane. And 
don’t underestimate the capacity we need. Take cars, 
for example. If in Germany all 40 million cars were electric 
with a capacity of 30 kilowatt-hours each, the overall 
 capacity would be more than 1 terawatt-hour. On a very 
windy day charging this fleet would be a matter of only 

W

8 siemens.com/magazine/energy | 14.2016
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five hours. So power to heat and power to gas are addi-
tionally necessary  technologies. It is an absolute require-
ment to introduce these new electric loads; otherwise, 
we will not be able to grow renewable generation 
further.

Let’s talk about power to heat first. How important 
is the coupling of these two sectors?
It’s particularly important, because from the perspec-
tive of decarbonization, for many European countries at 
least, low-temperature heating is one of the largest sec-
tors. In Germany alone, an equivalent of 1,500 terawatt-
hours, more than a third of our primary energy consump-
tion, goes into heating. To tackle this challenge, we have 
to do two things: We have to improve the heat insulation 
of buildings by a factor of four and couple the residual 
heating to the electricity sector.

How is that possible?
It’s the heat pump that does the trick by taking environ-
mental heat from the ground to produce thermal ener-
gy. In effect, that means another lever of factor 4. There 
are only a few applications where you would want to 
avoid the capital investment needed and use direct heat 
instead. If you combine both effects, insulation and the 
heat pump, about 100 terawatt-hours instead of 1,500 
might be needed in the end to warm all our houses – stun-
ning how little energy we might actually need to feed 
our total heat demand.

How far are we from reaching this goal?
With respect to the heat pump itself, we are already 
there. My own house has a heat pump that works perfectly. 
However, both heat pumps and storage could benefit if 
applied to more than just a single house, e.g., to whole 
quarters. By introducing district heating at rather low tem-
perature levels between 10 and 30 degrees Celsius, im-
provements in the volume surface ratio of the connected 
storage systems and heat pumps can be achieved. The 
technology would be today’s, but the additional benefit 
lies in the system approach, also with regard to long-
term investments.

How can electric power be transformed into gas?
To produce hydrogen, electrolyzers are the standard 
component. They can even be installed in large produc-
tion units, say the 100-megawatt range. If you produce 
these massive amounts of hydrogen, however, you may 
eventually have to build new infrastructure to deploy 
it. An alternative would be to use hydrogen, and CO2 to 
produce methane, which is the gas running inside the 
existing gas grid today. Some promote hydrogen, and it 
can be mixed into the gas grid to a certain extent; others – 
we at Fraunhofer, for example – say there is good reason 
to have methane in the gas grid.

Are there already relevant business cases?
The business cases are almost viable, despite the fact 
that houses often are very inert assets and you need 
ground drilling to install most heat pumps. However, it 
will be very attractive and straightforward once you have 
a higher penalty on CO2 output, and flexible power tar-
iffs, which allow you to buy cheap electricity at any time 
of the day. With these regulatory measures, we’ll see a 
very quick opening of the market. That’s basically true for 
all multimodal energy systems: There is no natural advo-
cate for the atmosphere, so fitting regulation has to be 
introduced. Yet we do not need strong support anymore. 
The break-evens are already very close.

Have power-to-heat systems already been success-
fully installed?
We have one very interesting example in Zurich, where 
two installations running on 10 degrees Celsius have 
been installed in the city and on the university campus. 
We discussed with energy suppliers who already run 
their own district-heating network, but those run at high-
er temperatures for the time being. That can be changed 
once assets have been written off in two decades or so, 
and then the existing infrastructure could be used for 
a new purpose.

In some regions of the world, producing cold is 
much more important than heat – could that also 
be done with the same technology?
We are currently constructing our new headquarters 
of Fraunhofer IWES in Kassel, and we are planning an 
 autonomous heat source, which is a slush of water at the 
phase barrier at 0 degrees. That means it should never 
freeze but also never melt. In wintertime, you extract the 
heat; in summer, you operate the other way round and 
use the temperature difference to cool the building. This 
is a solution for a four seasons country where you can 
use one season to prepare for the next. For regions in the 
world with a permanent cooling need, you would most 
certainly use solar and go through machine cooling. But 
if you tapped into a source with lower temperatures, like 
ocean water, you again could use a heat pump to lever, 
and you would end up using solar power to cool.

We talked about mobility earlier – how important 
is its role in the field of multimodal energy?
Mobility certainly is a large piece of the cake, but to de-
cide how to decarbonize the traffic sector, you have to look 
closely into the details of car use. Our logic is that half 
of the traffic is short-distance driving that could easily be 
electrified. The other half is long-distance, lots of it with 
trucks and other heavy-load vehicles. Even those could 
be electrified in a kind of trolley system connected to an 
overhead line. We are already running tests with some 
car manufacturers on some specially prepared highway 
stretches, so this is not science fiction. Another option 
would be synthetic fuels, like hydrogen or methane.

Clemens Hoffmann 
When it comes to renewable energies, Clemens Hoffmann 
(56) knows the research side as well as he knows the in-
dustry perspective. The physicist wrote his PhD thesis at the 
Max Planck Institute for Plasma Physics in Garching and 
joined Siemens in 1995 to work on renewable energies and 
smart grids, among others. CTO of the company project 
Smart Grid at Siemens from 2010, Hoffmann joined the 
Fraunhofer Institute for Wind Energy and Energy System 
Technology in Kassel as its Director in October 2012. He is 
also a professor for integrated energy systems at Kassel 
University. In close cooperation with the industry sector, 
Hoffmann and his team explore and develop solutions 
for sustainably transforming energy systems with a high 
share of renewable energy. The coupling of electricity, 
heat, gas, and transportation is one of his  research areas, 
as are new business models and the overall profitability 
of a new energy economy.

  www.energiesystemtechnik.iwes.fraunhofer.de

“ Can we be friends  
with the conventional 
sector? To a lot of  
people’s surprise, the 
answer is: Yes, we can.”

Sector coupling technologies are not only planned on paper but are also applied at the new headquarters of the Fraunhofer Institute 
for Wind Energy and Energy System Technology in Kassel.

“ The energy  
transition? It’s an  
attractive  investment 
with a guaranteed 
return.”
Clemens Hoffmann, Director of the Fraunhofer 
Institute for Wind Energy and System Technology

Multimodal energy systemsMultimodal energy systems



14.2016 | siemens.com/magazine/energy 1312 siemens.com/magazine/energy | 14.2016

How far away are we from using power-to-gas?
Electrolyzers are already in standard use, even in larger 
power plants. With respect to methanization, the basic 
process is very old, but for this application’s large-scale 
production, there are still a lot of technological options 
to be tested. However, we think it is the right time to en-
ter because we see this as a deployed technology in some 
20 years ahead, especially with regard to the huge stor-
age capabilities of the existing gas grid.

Talking about the gas grid – how compatible are 
all these multimodal energy systems with the con-
ventional power sector?
A question I am frequently being asked is this: Can we 
be friends with the conventional sector? To a lot of people’s 
surprise, the answer is: Yes, we can. Conventional power 
plants today will be the balancing power plants of the 
 future. There are very strong reasons to assume that bal-
ancing should be centralized: for cost reasons, and  also 
for electrical control reasons. So we need them. Certainly, 
there will be a change of fuel. Instead of carbon fuels, 
synthetic gas will be used, which means that in a gas-fueled 
power plant, everything is already in place. Substituting 
natural methane with synthetic methane really is nothing. 
And there is another question: When you want to synthe-
size methane, where does the CO2 needed for the synthe-
sis come from? I think that you can run the whole pro-
cess in a closed cycle. You use the CO2 coming out of a 
gas-fired power plant and store it on-site for the next time 
you need to synthesize methane. In that regard, gas-fired 
power plants will be a necessary, integral part of the scheme. 
Yes, they only have to operate 1,000 hours a year, and you 
have to devise a business case for that. But that will not be 
a large problem if the political will is there.

Why should a utility invest multimodal 
energy systems?
Because they will come. The advocates of energy system 
transformations worldwide, certainly after the Paris cli-
mate deal, will force systems to change. But stakeholders 
in the energy industry as well as in politics will have to 
agree on the way to go. Presently, we are making decisions 
going the wrong way. We endorse coal, for instance, rath-
er than gas. At the same time, we see a lot of stakeholders 
who are surprised that things they thought would never 
happen are happening today. Many of those companies 
now come to us and ask for advice.

How important is digitalization in making sector 
 coupling a success?
Digitalization is simply indispensable. If I owned a heat 
pump, I would want to have an optimized price mecha-
nism, especially if I have a huge storage of some 10 cubic 
meters or more. Smart energy management systems will 
take care of heating water whenever power is at its cheap-
est, and this will be assured by connections to a progno-
sis and a market server. Having every prosumer making 
business with anyone, anytime through money transfer 
mechanisms based on, e.g., blockchain technology, is 
 another prerequisite for optimized processes. And it goes 
without saying that grids should be smart. Wherever 
power lines are laid today, glass fiber is already there – 
and it simply does not make sense to have one without 
the other.

You state that the cost of the energy transition will 
not be a problem.
To me, it is one of the biggest surprises when people talk 
about the high cost of the energy transition. The opposite 

is true: It’s an attractive investment with a guaranteed 
return. We observed lately that large institutional inves-
tors like pension funds have a problem finding invest-
ment assets producing the legally required return of  
2.65 percent, because even state bonds don’t meet that 
goal anymore. Renewable infrastructure, however, 
 guarantees these returns.

So why don’t investors go for it?
First, it has to do with communication: There is a certain 
polemic in saying the energy transition costs so much, 
because for any businessman, it is not cost that matters, 
but profit – which is the difference between cost and rev-
enue. Second, it has to do with volumes. At our latest 
symposium,1 I asked investors about their need to invest 
in the energy transition. And they said the volumes are 
not yet large enough to be relevant. However, they could 
be: according to our calculations, we see the need of a 
€40 billion investment each year for renewable infrastruc-
ture in Germany alone. For the global market, we can 
easily add a factor of between 10 and 30. And because in-
vestors can go foreign, they will do it. Important to them 
is legal security, the risk calculation they will make for 
themselves. Investors love huge numbers; as long as the 
legal framework stays stable, the money will flow.

In the case of Germany, the legal framework has 
 recently changed.
We were already reaching levels of installation deemed 
to be necessary for a successful transition, around 10 giga-
watts per year for both wind and solar. That would have 
brought us toward our climate goals. But in 2012, the leg-
islation was changed and the numbers plummeted so 
far that without another change, we won’t reach the goals 

we set ourselves for the end of the century. The interesting 
part about this is that many Asian countries have never-
theless started copying our approach. They take us more 
seriously than we do ourselves. And not only Asia – the 
whole rest of the world is observing very closely what we 
do in Germany.

Ph
o

to
s:

 3
A

0
0

78
; I

ll
u

st
ra

ti
o

n
: P

ia
 B

u
b

li
e

s

“ Why should  
a utility invest in 
multimodal energy 
systems? Because  
they will come.”

Marc Engelhardt reports from Geneva on the UN, interna-
tional organizations, and business news for various media, 
including Deutschlandfunk and the epd news agency.

Clemens Hoffmann constantly analyzes new trends in the  
energy sector to find  fitting answers to concrete challenges.

1  www.herkulesprojekt.de/de/kasselersymposium.html

Coupling of sectors enables utilities to optimize 
the energy system, choosing the most suitable 
pathway with regard to fluctuating renewable en-
ergy sources. Pathway (A) shows electricity trans-
porting energy fast over long distances, i.e., in 
high-voltage transmission lines, while at its desti-
nation, a compression refrigeration system trans-
forms power to cold, which can then be stored 
in a reservoir for later use. The same goal can be 
reached via pathway (B) by storing electricity in 
a battery or transforming power to heat and storing 
it in a reservoir before it is transported through 
long-distance heating lines to the point of consump-
tion at the time of need.

Multimodality optimizes energy systems

Watch the interview on multimodal  
energy systems here.

  siemens.com/magazine/3w0209

Multimodal energy systemsMultimodal energy systems
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n business as in life, timing 
is everything. At the same time 
Mexican textile manufacturer 

Grupo Kaltex was reaching a critical 
need to reduce energy and steam 
costs at several plants where it makes 
fibers and fabrics, Siemens was 
about to begin production of a highly 
efficient addition to its line of indus-
trial gas turbines, the SGT-750. 

Coincidentally, the Mexican gov-
ernment was ending its monopoly of 
electric power and offering attractive 
incentives to large companies like 
Grupo Kaltex to build their own power 
plants and produce their own elec-
tricity on-site in an environmentally 
friendly way. These factors convinced 
Kaltex that the relatively compact 
Siemens SGT-750 would be the per-
fect means of supplying low-cost 
power and vapor to its plant in north-
ern Tamaulipas state. The decision 
is already producing handsome divi-
dends for the 91-year-old company. 

Sound investment
Today, the new SGT-750 cogenera-
tion plant is producing 32 megawatt- 
hours of electric energy, approxi-
mately 40 percent of the total power 
consumed at Kaltex’ cluster of plants 
in and around Altamira, and sending 
54 tons of  steam daily to its manu-
facturing processes.

Power plant manager Julio Correa 
estimates that his company’s energy 
costs are down about 30 percent since 
the SGT-750 became fully operational 
and that the investment, which in-
cluded Siemens engineering, HRSG, 
and electrical and controls hardware, 
could pay for itself in four years.

These cost savings come at a criti-
cal time for Grupo Kaltex, a company 
that employs about 18,000 in North, 
Central, and South America and is one 
of Latin America’s largest textile 
concerns. Like all firms in its sector, 
Kaltex is under siege in its markets 
from low-cost Asian imports. With 
controlling costs and securing sup-
ply an absolute Kaltex imperative, 
the SGT-750 has helped it take a giant 
step forward in maximizing efficiency.

I
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Heat and power
for Mexico’s Grupo Kaltex

The compact new SGT-750 
cogeneration plant is 

 producing 32 megawatt- 
hours of electric energy.

The Mexican textile firm Grupo Kaltex needed 
to lower costs to better compete against cheap 
foreign imports. Encouraged by the government 
to be energy-independent, it chose a Siemens 
SGT-750 cogeneration plant to produce its own 
electricity and steam, with a prospective return 
on investment in just four years.

Text: Chris Kraul    Photos: Andreas Messner
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Chris Kraul is a South America correspondent, 
living in Bogotá, Colombia.

The energy efficiency comes from 
the cogeneration engineering, which 
enables Grupo Kaltex to avoid having 
to buy energy separately to produce 
steam, an essential input for manu-
facturing acrylic fibers at its Altamira 
site. How? The Siemens combined 
heat and power system makes the 

steam itself, with a boiler powered 
from heat produced by the turbine 
as it generates electricity.

“When you have a cogeneration 
plant, you only buy gas to produce 
the energy,” said Correa. “It is this 
additional production of vapor that 
makes this part of the cycle much 

more efficient. This allows us to offer 
products at a more competitive cost.”   

Reliability improves
Improved reliability is another bene-
fit accruing to Kaltex for having its 
own power plant. Prior to the instal-
lation of the SGT-750, the company 
suffered repeated power outages. 
That caused process interruptions, 
lower productivity, and problems 
in quality control. 

“Now, Kaltex can guarantee the 
 reliability of electric supply to its 
manufacturing processes and, as 
a consequence, improve quality and 
reduce waste,” Correa said, adding 
that the SGT-750 system is fueled 
with low-cost natural gas, much of it 
coming via pipeline from the USA.  

Environment-friendly
Being a good corporate citizen by re-
ducing its carbon footprint with its 
SGT-750 has produced an added ben-
efit for Grupo Kaltex. Since the sys-
tem was installed, the company has 
received a special “efficient cogene-
ration” certification from the Mexican 
government. The distinction is not 
only an environmental badge of hon-
or. It qualifies the company for lower 
power-transmission costs as well as 
price supports in times of general 
power emergencies, Correa said.

Why did Grupo Kaltex choose 
Siemens for this critical acquisition? 
The company’s reputation for lead-
ing-edge engineering and technology 
was a big reason, as was its commit-
ment to “accompany” Kaltex as it 

ramped up the SGT-750 to full opera-
tion and trained a corps of engineers 
to manage it. Correa also highlight-
ed the system’s automatic controls 
that flag operators in advance of pos-
sible problems and his twice-monthly 
conference calls with Siemens 
 engineers in Europe.  

“This cogeneration plant is user-
friendly,” Correa said. “It practically 
talks to us, sends messages if some-
thing is bothering it so that opera-
tors can interpret them and respond 
to any problems it might have. That 
ability to anticipate situations gives 
us a high degree of confidence.”

Power plant manager Julio Correa estimates that Grupo Kaltex’ energy costs are down 30 percent since the SGT-750 became fully operational.

“ Now, Kaltex can rely on the electric 
supply to its manufacturing processes 
and, as a consequence, improve 
 quality and reduce waste.”
Julio Correa  
Power plant manager at Grupo Kaltex

Steam is an essential input 
for manufacturing synthetic 

threads, denim fabric, and 
other products. The cogene-

ration plant produces both 
electricity and vapor.

“This cogeneration plant  
is user-friendly,” Correa says. 
“It practically talks to us!”
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The successful SGT-750 gas 
turbine is now also avail-
able with up to 41 MW 
rating, delivering highest 
efficiency and lowest emis-
sions in the market.

  siemens.com/gasturbines
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Scan the QR code to watch a video 
about how Grupo Kaltex in Mexico 
is becoming energy independent, 
thanks to their new SGT-750 
cogeneration plant.

   siemens.com/magazine/3w0174
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Crossing bridges 
to the future

Weinhold’s Power Lines

Michael Weinhold,  
CTO  Siemens  Energy Management

Column

eparately controlled net-
works for electricity, gas, and 
heat distribution will soon 

be a thing of the past. And this future 
has already begun. Like many engi-
neers, I spend much of my time study-
ing the development of emerging 
technologies and business models. 
One of the most important of these 
for the immediate future will be the 
growing application of “multimodal” 
energy solutions – including so-
called sector couplings – that unite 
electrical power and heat supply in 
Distributed Energy Systems. 

The share of heating or cooling 
as part of overall end-energy demand, 
for instance, is often understated. 
In OECD countries, space heating 
and industrial process heat accounts 
for more than half of end-energy 
consumption. How can that be made 
more efficient and optimally inte-
grated into the energy system? Apart 
from the obvious measure – e.g., 
better insulation and combined heat 
and power generation  – the solution 
may be found in a multimodal solu-
tion across sector barriers: energy 
management systems connected to 

digital sensors and actuators as 
an enabling factor to heat the entire 
building exactly as needed, includ-
ing preheating and precooling of 
the building structure and utiliza-
tion of thermal energy storage units 
such as water tanks, phase-change 
materials, and ice storage. In this 
way, power-to-heat will convert sur-
plus renewable power into thermal 
energy – energy that would other-
wise be lost. 

Power-to-gas is another exciting 
aspect in the multimodal energy are-
na. In the German city of Mainz, elec-
tricity is used to produce hydrogen. 
The cutting-edge Siemens Proton 
Exchange Membrane electrolyzer 
Silyzer can ramp up and down with-
in milliseconds to buffer steep in-
creases, e.g., from wind and photo-
voltaic sources. With a peak power 
rating of 6 megawatts, the plant is the 
largest of its kind in the world. And 
hydrogen is one option for storage 
of  large energy quantities that is be-
coming more important as the energy 
system sees more and more variable 
power intake from wind and photo-
voltaics. In addition, hydrogen can be 

at least partially fed straight into 
most natural gas networks and can be 
utilized in fuel-cell-based mobility 
concepts and the chemical industry, 
e.g., for ammonia, methanol, and 
fertilizer production. It is a very ver-
satile molecule, looking at its appli-
cations.

Last but not least, multimodal 
 solutions enable consumers to 
 become even more self-sufficient 
prosumers. Intelligent energy man-
agement systems are the basis for 
transactive energy concepts being 
prototyped, such as peer-to-peer 
electricity trading among prosum-
ers or in share economy business 
models. Prosumers will directly 
“transact” in the market through 
trading platforms and trade energy 
in near real time. The application 
of new algorithms, such as block-
chain, is being explored. 

The increasing stakeholder agility 
and striving for efficient and sus-
tainable infrastructures accelerates 
innovation speed in multimodal en-
ergy systems. Electricity, grids, and 
digital grids will be the three enablers 
for this transformation.

S

The coupling of new technologies 
with innovative business models 
has favored the emergence of 
multimodal energy solutions with 
integrated power, heating and 
cooling, or electricity components.
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How can power plants be brought to inaccessible areas 
where the infrastructure for conventional solutions is 
lacking? Siemens fast power offers mobile, modular power 
plants that are tailored to the needs of the rapidly 
developing countries of Asia, Africa, and Latin America.  

Text: Justus Krüger    Illustrations: Mario Wagner

 

Bringing power  
plants where  
they’re needed fast
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t’s a chicken and egg situation. 
What needs to come first for 
industrialization to take place – 

the power plant, or the type of settle-
ment and commercial activity that 
makes a power plant necessary? Where 
the pace of development is relatively 
slow, infrastructure may evolve to 
meet the gradually rising demand. 
But in many countries, the situation 
is completely different. Development 
is so rapid that slow growth of infra-
structure is not an option. 

“When we look at countries that 
are on the cusp of development, the 
demand for electricity very quickly 
exceeds local supply,” says Tilman 
Harig, Siemens’ Head of Proposals and 
Order Implementation, Distributed 
Generation. “The task then is to de-
velop the infrastructure very quickly.” 

Rapid connection to the grid
This entails particular challenges. 
“The need is for a power plant that 
can be available quickly. Not just one 
that can be delivered quickly – that 
is just one aspect – but one that can 
be installed quickly, too,” says Harig. 
“That is where mobile and modular 
solutions come into play: Fast and re-
liable electricity deployment!” This is 
precisely the approach that Siemens 
is taking with its fast power Concept. 
Fast power is about delivering energy 
to regions that need to develop rap-
idly. But it’s also about meeting short-
term demand for additional capacity 
in developed regions, e.g., the rapidly 
growing demand for air-conditioning 
units that leads to load peaks in ur-
ban centers. 

“We see this particularly in 
Southeast Asia and the archipelago 
of islands in the region,” says Harig. 
“But the concept can also be applied 
in Africa and Latin America.” Fast 
power is based on standardized, pre-
tested modules that are easy to trans-
port and install, are versatile and can 

be used in a flexible way, and can 
easily be enlarged if the need arises. 
The aim is to have the plant connect-
ed to the grid six months after the 
contract is concluded. 

Optimized for difficult 
conditions 
Much depends on the conditions 
in place locally. If these are particu-
larly good – that is, if all the time- 
consuming preparations have been 
completed on site by the time the 
contract is concluded, and assuming 
the hardware can be connected to 
e xisting infrastructure – the plant 
may be connected to the grid in less 
than six months. But the reverse can 
also occur. “If the site is a swamp 
that must first be drained for use, or 
a volcanic island where earthquake 
protection regulations apply, it may 
take longer,” says Harig. “Ultimately, 
we have little influence on the con-
ditions on the ground.”

Where Siemens does have an in-
fluence is in the agility of the plants 
themselves – and this is optimized 
to ensure that even under adverse 
conditions, power can be delivered 
to the grid where it is needed. Because 
shipping the power plant quickly to 
a port in the country of destination 
is not enough to meet the customer’s 
needs. Just as important is the chal-
lenge of transporting it from the near-
est port to the point of destination. 

The whole distance
“Fast power is designed to take ac-
count of the whole distance covered,” 
says Harig – “including conditions 
in the destination country.” A key 
point here is that the mobile power 
plants have a high energy density. 
That means that their size is small 
and their weight is low in relation to 
their capacity, facilitating transpor-
tation. For example, to install a fast 
power module based on the SGT-400, 

I

a turbine with a 10- to 15-megawatt 
capacity, a mobile crane with a ca-
pacity of only 5–10 tonnes is needed. 

Heavy construction equipment 
is often lacking at the destination. 
But Siemens fast power is designed 
for precisely those regions that do 
not yet have highly developed infra-
structure; and this goes not just for 

energy but also for transport routes 
and the availability of machinery. 
That’s why another distinguishing 
feature of Siemens fast power is the 
availability of a portfolio of plants of 
different performance classes, from 
a capacity of 50 megawatts down to 
smaller modules with lower mega-
watt capacity. That means that fast 

power can reach places that are 
 inaccessible for larger-capacity mo-
bile plants. 

Gas turbines for flexible use
The plants’ key components are gas 
turbines that, depending on require-
ments, may be either industrial or 
aeroderivative. These are relatively 
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“ The more renew-
able power there 
is in the grid, the 
more fast load 
adjustments for 
grid stability are 
needed.”
Tilman Harig, Head of Proposals 
and Order Implementation,  
Distributed Generation, Siemens
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 also the standardization – of the 
plants is what determines the speed.

One solution is to adapt fast power 
from the outset to the characteristic 
conditions, for example, climatic 
conditions, at the location. “In typical 
locations, the climate is either hot and 
dry or hot and humid,” Harig says. 
“That means if we can adapt to these 
conditions, we have already covered 
80 percent of application cases.” This 
involves finding the “sweet spot,” the 

ideal balance between standardiza-
tion and flexibility in the scenarios 
for which fast power was developed. 
Generally, in addition to the classical 
power producers, the target market 
also includes industrial customers, 
for instance, those requiring electric-
ity or process steam, such as the ce-
ment industry. “This is another big 
market that we are supplying,” says 
Harig, “but these customers tend to 
require more tailored solutions for 
their plants as a whole” – whereas fast 
power has a rather different focus. 
“Here, the emphasis is on standard-
ized configurations that enable us to 
deliver promptly and connect to the 
grid quickly,” explains Harig. For all 
its flexibility, the priority is clearly 
that fast power can be used in very 
inaccessible regions or when an exist-
ing grid requires additional capacity 
quickly.

The Southeast Asian islands
A typical area of application is 
Southeast Asia, in particular, the 
Indonesian archipelago and adjacent 
island chains. The benefit is obvious: 
Many of the islands lie far from the 
main centers of economic and infra-
structural development, but should 
still benefit from that growth, both 
in terms of daily power supply for 
the population as well as regarding 
industrial applications. Fast power 
is especially straightforward to use 
in a maritime environment – the next 
port is never far away; thus, in a des-
tination country that still lacks devel-
oped infrastructure, transpor tation 
is generally easier to manage than 
in areas that are far from the coast. 

The same applies to the supply 
of liquid gas. The oil and gas compa-
nies involved are working on devel-
oping an infrastructure based on dis-
tribution tanker fleets. This means 
that LNG is transferred from a large 
liquefaction plant to smaller 

distribution vessels, so that the is-
lands only require a relatively small 
onshore distribution structure. The 
maritime surroundings and the fa-
vorable development in terms of LNG 
supply make Southeast Asia particu-
larly suited to fast power, as do the 
region’s economic drive and admin-
istrative stability. 

Adapting to local conditions 
The reliability of the machinery is 
of course always important, but in 
the case of fast power, its low suscep-
tibility to malfunction is especially 
important – the purpose, after all, is 
to generate energy in remote, hard-
to-reach places. The mobile power 
plant turbines are a tried-and-tested 
technology, their reliability and du-
rability have been proven, and of 
course there are local Siemens ser-
vice organizations in every region of 
the world. “In addition, whenever 
possible, we train our partners and 
customers on-site,” says Harig, “so 
that they have the right skills for 
 operational maintenance, and we 
maintain the fleet in partnership.”

The agility of fast power does not 
end with delivery and installation. 
If the plants at the original location 
are no longer in use, there is no rea-
son why they cannot be transported 
away and used elsewhere instead.  
“Naturally,” says Harig, “the mobile 
solution is designed in such a way 
that the power plant can be quickly 
transported to another location.” 
Fast power remains fast.  

fluctuations in the peak loads and 
provide rapid increases or decreases 
in generation. 

The “sweet spot” between 
standardization and flexibility
Once the modules are in place, the 
next job is to connect them to the grid 
as quickly as possible. “They are pre-
checked so that it doesn’t require 
a big team to get them operational,” 
says Harig. The modularity – and 

Tilman Harig

of wind and solar energy is  inevitably 
subject to fluctuations. These gener-
ally need to be offset from other sourc-
es to ensure a stable grid. 

“The more renewable power there 
is in the grid, the more minor adjust-
ments are needed, for instance, when 
there is no wind or if a cloud covers 
the sun,” says Harig. Aeroderivative 
gas turbines are particularly suitable 
here, since they start up very quickly 
and can respond immediately to 

Fast power

Justus Krüger is a freelance journalist based 
in Hong Kong. He has written for the Financial 
Times Deutschland, GEO, the South China 
Morning Post, the Berliner Zeitung, and  
McK Wissen.

Fast power

fuel-neutral and work with gas as 
well as with oil. This is important be-
cause fuels such as gas or  liquefied 
natural gas (LNG) are not  always avail-
able at the places where fast power is 
used – this includes  remote areas in 
particular need of fast access to more 
electricity. 

The modules are also well suited 
to play an important role in the in-
creased production of electricity from 
renewable sources. The availability 

“ The need is for a power plant that can be 
available quickly. That is where mobile and 
modular solutions come into play.”
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Powering the
21st century

Turning night into 
bright: Thailands 
capital Bangkok.

Thailand’s push forward 
 toward sustainable power 
is being  implemented by  
Mr. Kijja Sripatthangkura, 
EGAT’s  Deputy Governor of 
Policy and Planning. Siemens 
is partnering with EGAT to 
build two static var compen-
sators to ensure the  national 
grid is  reliable and flexible.

Text: Glenn van Zutphen    Photos: Hans Sautter 

Thailand’s transmission mission



r. Kijja Sripatthangkura 
knows his job will never be 
done. It’s a massive challenge 

to oversee an urgent need for elec-
tricity that grows every year. As the 
Deputy Governor of Policy and 
Planning of the Electricity Generating 
Authority of Thailand (EGAT), he is 
well aware of his country’s huge ap-
petite for growth and the electrical 
power that makes it possible.

The Thai energy giant employs 
nearly 23,000 people to oversee the 
generation of 15,500 megawatts of 
power each year and send it across 
33,000 circuit kilometers of trans-
mission lines. Its mission is to “cre-
ate and improve the quality of life 
and strengthen the country’s com-
petitiveness through reliable and 
 affordable energy and services 
while giving due care to the society 
and the environment.”

For decades, the Thai government 
has promoted private investment in 
power generation in a scheme called 
the enhanced single buyer. EGAT, 
through bids for power purchases 
from large-scale independent power 

M producers and small power produc-
ers and very small power producers, 
regulated by the Energy Regulatory 
Commission, is the single buyer of 
bulk electricity.

The demands on most power 
 generators are becoming more pro-
nounced: society needs more power, 
delivered to big cities and remote 
 areas, alike. Customers are demand-
ing that carbon footprints and waste 
be minimized with the use of renew-
able energy (RE) sources, often un-
reliable as a standard operating pro-
cedure. Such market and policy im-
peratives are leading EGAT and others 
around ASEAN (Association of 
Southeast Asian Nations) toward so-
lutions that promote grid stability, 
consistency, and power sharing: flex-
ible AC transmission systems – or 
FACTS. Siemens offers parallel com-
pensation systems, like the static 
var compensator (SVC), which regu-
lates voltage fluctuations and in-
creases the transmission capability 
down long-distance power lines. 
“I think reactive power compensation 
equipment such as SVC is important 

because reactive power can ensure 
constant power. So it’s important to 
us to study these issues and plan for 
them,” says Deputy Governor 
Sripatthangkura.

EGAT has developed a power gen-
eration and transmission strategy 
in conjunction with the country’s 
2015 Power Development Plan (PDP). 
It requires EGAT, over the next 20 years, 
to reduce the 70 percent dependency 
on natural gas and invest in other 
technologies like clean coal technol-
ogy, biomass, biogas, mini hydro, 
 solar, and wind power. “We are now 
importing natural gas from Myanmar 
and LNG from the Middle East – in ad-
dition to our own sources in the Gulf 
of Thailand; this is risky for Thailand 
if something happens to our gas sup-
ply,” notes Deputy Governor 
Sripatthangkura.

In the PDP the government ex-
pects to promote 19.6 gigawatts of 
RE over 20 years. The trend is to have 
more distributed generation in the 
system, with most of that capacity ex-
pected to be located near the custom-
ers. EGAT says it signals that conven-
tional power plant and power inter-
connection with other countries will 
mix with RE to balance the system 
for reliability and long-term  security, 
and the trend to limit CO2 emissions.

Decentralized, stable grid
As to the trend of decentralizing, 
EGAT plans to expand power plants 
nationwide. By 2036, total capacity 
will jump to 70 gigawatts from the 
current 37 gigawatts (including retir-
ing 24 gigawatts of outdated capacity 
and installing 57 gigawatts of new and 
replacing capacity). “We are working 
hard to strengthen our grid capacity to 
meet the PDP – which  requires more 
RE from us and the private sector, and 
also more links with the rest of the 
ASEAN energy community,” according 
to Deputy Governor Sripatthangkura. 
It’s a serious challenge, as a full 
30 percent of the country’s electricity 
is used solely in the capital, Bangkok, 
as a load center.

EGAT is partnering with Siemens 
to ensure a reliable and flexible na-
tional grid. As part of a consortium 
of Siemens AG and Siemens Limited 
Thailand, Energy Management, 

Transmission solutions, they are 
building two SVC units, one at Bang 
Saphan 2 (total capacity of 400 MVAr 
in the range of +300 MVAr capacitive 
and –100 MVAr inductive power) 
and the other at Phuket 3 substation 
 (total capacity of 150 MVAr in the 
range of 100 MVAr capacitive and 
50 MVAr inductive power). Both will 
be fully  operational by 2017 and 2018, 
respectively. “Everyone trusts a 
 professional company like Siemens 
that is concerned with the custom-
er’s needs and what is the best choice 
for the customer. They have done 
very well on this, and I think most 
power utilities in the world rely on 
and trust Siemens,” enthuses Deputy 
Governor Sripatthangkura.

This FACTS technology will effi-
ciently increase the power flow from 
central to southern Thailand, stabi-
lize the growing power needs in 
Phuket, and mitigate voltage fluctua-
tions and instability, which could 
cause blackouts. Siemens sees both 
SVCs as a perfect opportunity to 
 enhance the power grid in southern 
Thailand and also the ASEAN grid 
connection.

Smart grid for the future
“You can see the trend of technology 
is moving very fast, especially in our 

Flexible AC transmission systems

business; a lot of the driving factors 
can combine for RE in the long 
term,” exclaims Deputy Governor 
Sripatthangkura. In 2010 EGAT saw 
the trend and started a smart grid 
working group. Its Smart Grid 
Roadmap debuted in 2015, and it is 
preparing human resources to im-
plement new technology – like ener-
gy storage solutions and smart sub-
stations. “We are thinking about all 
of this and how we might possibly in-
stall it into the energy grid, because 
sometimes RE isn’t reliable,” says 
Deputy Governor Sripatthangkura. 
“We’re considering a pilot project in 
Mae Hong Son, in northern Thailand, 
where it can be impossible to now 
send electricity.”

At the consumer level, EGAT is 
dedicated to ensuring the system’s 
reliability for the entire country, 
and a smart grid will help to do that 
over time. “We want our infrastruc-
ture to be reliable for the consumer 
in Thailand; it’s very important. You 
can see that from the policy point 
of view – when the policy focuses on 
RE – it’s not yet reliable. So EGAT 
has to figure out how to change the 
energy mix and maintain a reliable 
flow of electricity while keeping the 
tariffs reasonable,” according to 
Deputy Governor Sripatthangkura.

EGAT oversees 33,000 circuit 
kilometers of transmission lines 
sending 15,500 megawatts of 
reliable power across the country 
each year. It also contributes to 
the ASEAN Power Grid.

Kijja Sripatthangkura
Kijja Sripatthangkura, EGAT’s Deputy Governor of Policy and 
Planning, has been with the utility since 1983. He has a degree in 
electrical engineering (Prince of Songkhla University, Thailand), 
as well as graduate degrees in business administration and man-
agement from Harvard Business School and the Senior Executive 
Program in the Sasin Graduate Institute of Business 
Administration at Chulalongkorn University.
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While natural gas will remain very 
important to power generation, the 
vision of decentralizing power gen-
eration and harnessing RE will lay 
more emphasis on spreading the load 
to other sources of fuel and using 
technology to keep the grid stable.

Working to connect ASEAN
Thailand has always been a strong 
supporter of linking ASEAN coun-
tries; it sees that a strong domestic 
grid benefits Thailand, as well as its 
neighbors. Vietnam, for example, 
is increasing its peak demand about 
15 percent every year and is expected 
to  install coal-fired and nuclear pow-
er plants to meet the growing appe-
tite. Other countries, like Myanmar 
and Malaysia, have many natural 
resources.

The 2003 Master Plan on ASEAN 
Interconnectivity (AIMS) looked at 
how to “develop the ASEAN Power 
Grid (APG), promote power intercon-
nection and trade as well as increase 
transmission capacity of intercon-
nection among and between ASEAN 
member countries.” A revised ver-
sion of that study (AIMS-II) was com-
pleted in 2010.

One important element of the 
APG is to establish an interconnect-
ed, reliable electricity supply across 
neighboring countries. Doing it 
 together spreads the burden of the 

Glenn van Zutphen has been working as 
a journalist for 29 years for CNN International, 
CNBC Asia, and ABC News Radio, among 
others. He is based in Singapore.

large infrastructure investment that 
is necessary for generating capacity 
and building transmission lines. One 
project is the HVDC link between 
Thailand and Malaysia, and has been 
in operation for more than a decade; 
Siemens supplied part of that infra-
structure. It can handle 300 mega-
watts for power transfer between the 
two countries. The future power pur-
chase among neighboring countries 
could reach to between 3,000 mega-
watts and 6,000 megawatts. EGAT 
wants to be a  regional hub for facili-
tating electric energy trade and ex-
change across ASEAN, to enhance re-
gional energy and economic security.

EGAT has led the so-called HAPUA 
Working Group 2 on Transmission/ 
ASEAN Power Grid since 2004. HAPUA 
is working to link all of the regional 
grids and secondly investigating 
how to get all the countries onto one 
standard. “We are working very hard 
on this connection standard. I cannot 
tell you when it might happen, but 
we are working very hard on it,” says 
Deputy Governor Sripatthangkura.

EGAT is well placed to lead 
Working Group 2 due to its well- 
developed grid and intense experi-
ence in the development of transmis-
sion lines – both of which are very 
important across the less-developed 
ASEAN nations. Thailand is geograph-
ically at the center of the ASEAN 

Interconnectivity project, so it is in 
a good position with the 16 transmis-
sion and power connection projects 
that are now happening across these 
countries. Thailand, though it has 
a well-developed power grid, can still 
share mutual benefits from the natu-
ral resources of neighboring coun-
tries in the generation of power.

But there is a bigger idea at work. 
“We are embracing the spirit of 
ASEAN: sharing value together, work-
ing together, and planning for the fu-
ture together,” says Deputy Governor 
Sripatthangkura. This also leads to 
the idea that sometimes it’s difficult 
for investors or developers to see 
how they can invest money in ASEAN 
countries if they don’t see access to 
power. “So, the ongoing transmis-
sion and connection projects give 
them a master plan to see a good in-
vestment destination. As the grid 
has been developing, investors will 
see the possible opportunities,” ac-
cording to Deputy Governor 
Sripatthangkura. 

Thai energy giant EGAT is increasingly using flexible AC transmission systems across its power grid. FACTS will help stabilize  
the production of 19.6 gigawatts of renewable energy power over the next 20 years.

Bangkok uses 30 percent of Thailand’s 
energy production. The 2015 Thailand 
Smart Grid Master Plan envisions new 
technology like energy storage and 
smart substations to harness renew-
able energy for reliable electricity and 
reasonable tariffs.

Source: egat.co.th, 2015

22,776 employees

15,548.13 MW  
installed generating capacity

32,993.968 circuit kilometers 
transmission line length

500, 230, and 115 kV 
main voltage levels

88,461.44 MVA 
transformer capacity

215 substations

EGAT

EGAT is Thailand’s leading state-owned power 
utility under the Ministry of Energy.

The facts about FACTS & SVCs

SVC solutions like this one in Saudi  Arabia 
are designed to fit the specific needs of 
the power system and can typically be up 
and running within three years – provid-
ing stable, reliable electricity, no matter 
what the source.

Flexible AC transmission systems (FACTS) 
increase the reliability of electricity 
grids and reduce power delivery costs. 

They regulate voltage and stabilize 
 power generation systems. 

One type of FACTS system is called an 
SVC (static VAR compensator).

SVCs make sure that the voltage across 
power networks is stable, and they also 
help to increase the transmission of 
 electricity across long distances. 

They are especially useful in developing 
nations or regions – where power grids 
were built over many decades.

SVCs are used in two main situations:

To connect to the power system to reg-
ulate the transmission voltage (trans-
mission SVC) to make sure homes and 
businesses are never in the dark.

To connect near large industrial loads 
to improve power quality (industrial 
SVC) so that factories have a stable 
 power source no matter what they are 
making.

In Thailand, Siemens is building SVC sys-
tems at Bang Saphan, Bang Saphan 2, 
and the Phuket 3 substation to cope with 
the country’s growing power needs. 

Flexible AC transmission systems
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Megatrends

Unprecedented   
                speed of change

Megatrends
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Marc Engelhardt reports from Geneva on the UN, international 
 organizations, and business for various media, including  Deutschlandfunk 
and the German news agency epd.

Text: Marc Engelhardt    Illustration: Gary Wing

The energy sector is going through a “grand transition,” according 
to Christoph Frei, Secretary General of the World Energy Council. 
At the global think tank’s headquarters in London, Frei talked 
to our reporter Marc Engelhardt about the biggest megatrends 
 driving the changes seen worldwide.

Decarbonization

Integration

Business model 
transition

Speed

Resilience

Decentralized energy production and digitalization have 
fundamentally changed the markets, and thus the busi-
ness models leading to success, Frei says. “We come from 
a place where the marginal system cost defined the price, 
whereas today in many instances it’s zero.” In this con-
text, Frei calls for a new market framework that incentiv-
izes urgently needed system services like storage and 
backup capacity. The fact that gas pipelines could well be 
the biggest storage options available might compensate 
for lower gas consumption in the future, says Frei. “The 
gas network could fulfill the same role as batteries do, 
but batteries are extremely costly to develop while the gas 
infrastructure is already there. By expanding its range 
of purpose, instead of an energy-equivalent pricing you 
could charge the development price of a comparable 
 battery solution – it’s the same gas you used for energy 
production, but its value as part of a storage solution is so 
much higher.” Such transition models might be crucial 
for utilities operating conventional power plants, open-
ing up new, lucrative markets. Also, without such integrat-
ed solutions, today’s infrastructure might no longer be 
financially viable due to the loss in volume and eventual-
ly collapse – despite its value.

The pressure to decarbonize is massive. The climate 
COP (Conference of the Parties) in Paris 2015 brought 
together 197 countries worldwide. Frei admits there 
still is an ambition gap: Countries have only committed 
to a third of greenhouse gas reductions necessary. But 
that doesn’t stop the overall trend, he states. “I think 
what we’re seeing is that companies understand: If you’re 
not part of the innovation frontier today, you might no 
longer be relevant tomorrow.” The efficiency gains 

Integrative thinking is more important than ever, ac-
cording to Frei. “Everything is interconnected: A gas 
company today, for example, will be directly affected by 
electricity market design – ignoring the underlying gas 
infrastructure will be to its own detriment.” Frei calls 
for global economic and political collaboration on issues 
from resilience to regional balancing of resources and 
climate policies, or integrated infrastructure planning 
in order to minimize uncertainty. Otherwise, the capital 
needed for the energy transition may be hard to find: 
Global GDP will be growing much slower in the next 45 
years, also due to a decline in population growth – and to 
decouple energy from GDP further in this slower growth 
environment will be extremely challenging, Frei warns. 
“Governments have not become richer over the past years, 
so investment has to come from traditional and new in-
vestors alike: pension funds, development banks, entre-
preneurs attracting capital from different sources.” Frei 
believes that leasing will play an important part, as al-
ready seen in storage, rooftop solar, or with cars.

Energy systems worldwide have to become more resil-
ient as they face potent threats, Frei emphasizes: For 
 Europe and North America, cybersecurity is a key risk. 
In Asia-Pacific, parts of Africa, and Latin America, ex-
treme weather conditions are surfacing as the principal 
threat, while for the Middle East, Australia, and parts of 
Africa, the competition about increasingly strained water 
resources is a main concern. Given the magnitude of 
some threats – extreme weather events, for instance, 
have quadrupled in the past 30 years – factoring in secu-
rity margins is no longer sufficient, Frei says. “It’s the 
proverbial difference between the oak and the reed: 
When a storm comes, the oak will fall, but the reed will 
bend and quickly stand up again once the storm is over. 
We have to stop building oaks and start to build an ener-
gy system that is much more like reed.” He calls for a 
shift from thinking of fail-safe – looking at single assets 
only – to safe-fail – focusing on the system as a whole. 
And it’s already happening: Literally, like the construc-
tion of wind farms that lie down in case of a severe 
storm, and figuratively, like Chinese legislation against 
“thirsty” energy technology, meant to save precious 
drinking water.

needed to reach the Paris goal of a  maximum two-degree 
temperature rise are sixfold in comparison to the past 
45 years, Frei explains. Low carbon prices don’t make the 
job any easier. However, according to Frei,  current devel-
opments prove that there is no turning back. “Investors 
have taken strong decisions, like main  development 
banks getting out of coal. Governments have changed 
their priorities, and companies their structures, like 
E.ON, Engie, or Saudi Aramco.”

The speed of change in the energy field is unprecedent-
ed, says Frei. “Only three years ago, at our last congress, 
we were still asking if we have reached the tipping point – 
this year in Istanbul, it was clear that we are clearly be-
yond the tipping point in a number of areas.” India’s 
government pushing for solar energy, Mexico adopting 
an energy reform or China emphasizing environment 
over energy access in its current five-year-plan are just 
some of the developments that Frei refers to. The private 
sector and investors have followed suit. Frei talks of a 
new entrepreneurial spirit that could well help to get elec-
tricity to the last 1.1 billion people on Earth without ener-
gy access. “Today, there are models combining a high- 
efficiency DC fridge appliance and a cell phone charging 
station, powered by a 200-watt solar cell which owners 
pay for on a leasing rate of 40 cents a day over a period 
of three years, charged through the mobile phone.” The 
speed of innovation has made energy policy more impor-
tant than ever: Energy ministries have lately become 
core government portfolios; the G20 even have installed 
their own energy ministerial meetings.

Christoph Frei
Frei, born in Switzerland in 1969, has been at the 
helm of the World Energy Council since April 2009. 
With more than 3,000 members from government, 
private, and state corporations in over 90 countries, 
the World Energy Council is the biggest network of 
leaders and practitioners in the energy field. Its aim 
is to provide information for energy strategies on 
all levels, focusing on three main challenges: energy 
equity, including access and affordability; energy 
security and growth; and environmental sustainabil-
ity, including mitigation and adaptation. 

  www.worldenergy.org
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The future of the grid:  
It takes a village…

Soon, intelligent microgrids will not only serve their immediate 
environment with sustainable, cheaper, and stable energy. They will  
also boost the stability of the whole network. In a small village in  
southern Germany, Siemens is exploring the challenges to come.

Text: Moritz Gathmann    Photos: Florian Jaenicke



n the wall next to the mayor’s 
desk is a poster. It shows a 
windmill, and it reads: “Collect, 

put in order, assess, decide.” The 
mayor of Wildpoldsried, Arno 
Zengerle, is a very reasonable man. 
More than 20 years ago, when he 
 became the mayor of this small, idyl-
lic mountain village in Germany’s 
south, he collected knowledge, put 
it in order, assessed it, and then made 
a decision. Today, his village consti-
tutes one of the most forward-looking 
projects for renewable energy and 
grid research. “Last week, we had 
visitors from Hanoi, Saigon, and 
Benin,” Zengerle notes as he scrolls 
through his calendar; “next week, 
from Myanmar and Iraq.” Delegations 
from all over the world come here 
to see how the energy solutions in 
Zengerle’s village could be adopted 
to their countries. Most of them are 
stunned by what they see: a quite 
traditional Bavarian way of life – the 
village has around 50 farmers –but 
below the surface, cutting-edge energy 
production and grid infrastructure. 

Not only have the 2,500 inhabitants 
of Wildpoldsried become “prosumers.” 
Their solar panels, windmills, and 

a biogas-driven combined heat and 
power plant produce more than five 
times as much electrical energy as 
residents consume: In 2015, produc-
tion was 34,344 megawatt-hours, 
while consumption stood at 6,406 
megawatt-hours. The villagers trans-
fer their surplus into the distribu-
tion grid and thus “feed” the neigh-
boring villages with renewable 
energy. They also save 330,000 liters 
of oil a year that was previously used 
for energy supply.

But the village has also become 
a test bed for ensuring reliable, se-
cure, and economical energy supply 
in an industrial country under fun-
damentally changing conditions. 
Together with the local energy pro-
vider and universities, Siemens is 
testing the capabilities of the village’s 
distribution grid in different sce-
narios. Equipped with a lithium-ion 
battery storage system, a diesel gen-
erator with vegetable oil operation, 
a backup diesel, a load bank, two 
controllable distribution transform-
ers, a sophisticated measurement 
system, and a state-of-the-art com-
munications infrastructure, the vil-
lage’s distribution grid has been 

O
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turned into a smart microgrid, 
a “small, closed circuit that can be 
separated from a larger grid for a 
short time, but that also works if it is 
constantly separated from the larger 
grid,” explains Markus Reischboeck, 
Senior Key Expert at Siemens, who’s 
in charge of the microgrid project 
in Wildpoldsried. To control these 
kinds of microgrids, Siemens offers 
the scalable Microgrid Management 
Systems as well as solutions based 
on SICAM automation devices.

Change in the air
In its first phase, Siemens and its 
partners tried to figure out how re-
newable energy generators such as 
solar panels and windmills influence 
the stability of the distribution grid, 
and how e-mobility can be used in 
a rural community. Now, during the 
IREN2 project, the questions to be 
answered are even more serious. In 
Germany, the energy transition is 
in full swing. In 2015, already 30 per-
cent of the country’s electricity was 
produced from renewables, and the 
trend is as clear as in most industrial 
countries: The share of centrally in-
stalled, large-scale fossil-fuel power 
plants will be phased out and replaced 
by renewable, mostly decentralized, 
installed generation sources. By 
2050, 80 percent of the electricity 
generated in Germany is to come 
from renewable sources. That pro-
duces new challenges. 

“In terms of the current state of 
technology, we still face a major chal-
lenge,” says Torsten Sowa of RWTH 
Aachen University, a partner in the 
Wildpoldsried research project. 
“That’s because power systems that 
use renewables are not capable today 
of providing so-called system servic-
es, such as making reactive power 
available to maintain the voltage in 
higher-level networks. In other words, 
we need a new solution if we want 
to achieve our target for 2050.” Smart 
grids are needed to ensure that dis-
tributed power systems can constant-
ly supply sufficient electricity to 

consumers, even as electricity pro-
duction fluctuates with the weather. 
Unlike today’s grids, such intelligent 
networks will be able to balance pow-
er generation and consumption while 
distributing electricity, and they will 
do so all the way to the end-consum-
er level. 

So far, nuclear or coal- or gas-fired 
power plants still play an immensely 
important role. They are indispens-
able for ensuring stable frequency and 
voltage. In case of a blackout, the 
grid is powered up “from the top” with 
the help of a big power plant. But 
what will happen in 10 or 20 years, 
when most of the big power plants 
will be offline? “We must make it pos-
sible to ‘unite’ 100 small power 
plants into a unit whose power the 
network operator can use,” says 

Reischboeck. One of the main chal-
lenges will be to convert the distribu-
tion grids into systems that are able 
to transport power actively, especially 
in case of a blackout.

While keeping voltage and fre-
quency in the desired range, the 
Wildpoldsried island grid must also 
provide services for grid stability to 
the main operating grid, serving as 
a so-called topological power plant 
that supplies ancillary services. This 
will allow the local grid to replace 
conventional power plants for a short 
period. To this end, the control sys-
tems have to provide reliable renew-
able generation forecasts and intelli-
gent operations schedules, and 
reliable real-time operational data.

Empowering remote 
communities
But the microgrid concept does 
not only work in highly developed 
countries. In many less-developed 
parts of the world, such as India or 
Africa, it would be much more ex-
pensive to extend high-voltage lines 
to remote villages than to build a 
 microgrid that can supply a village 
with sustainable and secure energy. 
In Africa, for example, around 500 
million people still have no access to 
electricity. That’s why delegations 
from all over the world are going on 
pilgrimages to Wildpoldsried. Of 
course, the main driver for a micro-
grid in a rural environment is the 
 security of energy supply. But another 
is environment-friendly thinking. 
In Wildpoldsried, it all started with 
people like Mayor Zengerle asking 
themselves how to use less fossil fuel 
in local energy production.

Whether within an upstream pow-
er grid or as an island grid, today’s 
microgrid technology is paving the 
way for lower consumption of fossil 
fuels while ensuring the highest lev-
el of supply security. Renewable en-
ergy sources can be exploited to the 
fullest extent, while minimizing the 
runtime of backup generators. In 
the community of Ventotene in 

“ Last week, we  
had visitors from 
 Vietnam, Côte 
d’Ivoire, and Benin; 
next week, from 
Myanmar and Iraq.”

“ I’m very excited 
to be part of a 
forward-looking 
project that can 
answer impor-
tant questions of 
energy security.”
Arno Zengerle

Arno Zengerle
Mayor of Wildpoldsried

Traditional Bavarian lifestyle, backed up by cutting-edge infrastructure: Wildpoldsried Mayor Arno Zengerle (r.) speaks to author Moritz Gathmann. 
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Please visit the Siemens global website 
for our online series on various microgrid 
applications worldwide. 

  siemens.com/magazine/3w0184

Online series:  
Microgrids around the globe

Berlin-based journalist Moritz Gathmann has 
been reporting as a correspondent from various 
regions of Europe for German publications 
since 2004. His work has been published in Der 
Spiegel magazine, the Frankfurter Allgemeine 
Zeitung, and other media.

Italy, the “island grid” is not only 
a metaphor. The island in southern 
Italy with its 700 inhabitants had 
 serious challenges concerning grid 
stability: It is not connected to the 
grid of the mainland. Before the new 
system was introduced, especially 
in summertime when thousands of 
tourists visited the island, the grid 
often reached its limits. All three driv-
ers suggesting an intelligent micro-
grid were in place: The community 
needed secure supply, reduced costs, 
and  reduced emissions. 

In 2016, Siemens put in operation 
a turnkey Siestorage battery storage 
system that allows the entire energy 
system to operate more economically 
and efficiently. In addition, Siestorage 
uses integrated converters to stabi-
lize the frequency and voltage of the 
island’s network. The island network 
management is handled by the intel-
ligent control unit that provides for 
the optimal interoperation of storage 
system, generation, and consump-
tion – three parameters that are con-
tinuously adapted to actual de-
mand. This ensures that the diesel 
generators in particular can be used 
in a more efficient operating mode, 
because short-term peak loads are 
covered by power from the storage 
system and not from the generators. 
During off-peak periods, it is even 
possible to switch off the diesel gen-
erators completely. This saves fuel, 
extends service life, minimizes main-
tenance, and reduces the need to 

stockpile fuel reserves. As a result, 
CO2 emissions are lower and con-
sumption of diesel fuel, which has to 
be specially transported to the island 
from the mainland, is significantly 
reduced.

Lower cost of network 
expansion
Of course, in most larger cities, 
the security of energy supply is not 
a big issue, and neither is the pro-
duction of energy with renewables. 
But reduction of costs and CO2 emis-
sions could get institutions like uni-
versity campuses or big industry 
complexes to introduce renewable 
energy capacities and form their own 
smart micro grids. “The capacity of 
our micro grids ranges from 1 mega-
watt for a small island to 20 mega-
watts for a larger community, a uni-
versity campus, or a military base”, 
says Reischboeck. “A microgrid can 
provide up to 5,000 people with 
energy.”  

Mayor Zengerle takes a walk 
through his village. He walks by the 
newly built playground that the vil-
lage financed with prize money se-
cured through an ecology innovation 
award. “I’m very excited to be  part 
of a forward-looking project that can 
answer important questions of ener-
gy security,” says Zengerle. “The re-
sults of the grid testing help to reduce 
the costs for network expansion by 
40 percent. On a nationwide scale in 
a country the size of Germany, this 
sums up to several billion euros,” 
he says. In the upcoming months, 
the researchers will finally test the 
“island case,” which means that the 
village’s microgrid will be discon-
nected from the distribution grid 
that has been supplying it. Will that 
work out? “I’ve known most of them 
for years now,” says Zengerle with 
a smile. “And I trust their engineer-
ing abilities.”

Green payback: The community of Wildpoldsried 
paid for a new  playground with prize money 
awarded for ecological innovation.

Close cooperation: The partnership between Siemens and 
Wildpoldsried has been a successful one for many years.



A new Siemens turbine blade emulates the design of an 
owl wing. Serrated blade add-ons with combed teeth give the
SWT-3.3-130 Low Noise an edge in the wind turbine market.

Less noise – 
higher payoff

Text: Christopher Findlay

I n the dead of night, a mouse scurries 
across a forest clearing. The dark em-
boldens it to venture into the open. A 

big mistake, as the small rodent briefly realiz-
es when a sudden, even blacker darkness ap-
pears overhead and a silent predator swoops 
down to carry it away.

One attribute that makes the owl such an ef-
ficient hunter is the design of its wing feathers. 
While the leading edge of the wing is straight 
against the wind, the trailing fringe has a ser-
rated structure that creates small vortices or 
swirls of air in flight. As a result, the sound of 
aerodynamic flows over the feathers’ edges is 
almost completely suppressed.

For the mouse, silence is deadly, bringing 
a sudden, even terminal decline in the quality 
of life. For humans living near wind turbines, 
the design of the owl’s wing feathers is now 
bring ing noticeable improvements. One of the 
main challenges with onshore wind farms is 
the need to reduce the sound of the rotors for 
 nearby residents. The issue is a well-known 
one: In offshore wind parks, acoustic perfor-
mance is not an issue, but operation and main-
tenance costs are considerably higher than on 
land. And although onshore wind power 

generally enjoys widespread acceptance, those 
living close to turbines prefer lower noise 
levels. 

This leads to turbines sometimes running 
at reduced power due to regulations. There-
fore, any measures to bring down noise while 
maintaining power output are crucial for the 
operator’s bottom line. Of course it is possible 
to keep the acoustic signature down with a low-
noise operational mode, running the turbine 
below its full generating capacity. As a rule of 
thumb, however, a reduction of operational 
noise by one decibel in noise reduced operation 
means that annual energy production is 
 lowered by 2 to 4 percent.

Design emulates life
To bring down both the noise and the cost 
of onshore power, Siemens turbine blade de-
signers have patterned a new design on the 
model of owl feathers – an approach known 
as “biomimicry” – that keeps noise levels 
down and allows greater energy output with-
out exceeding sound thresholds. 

This idea is not completely new; the  
Siemens-designed DinoTails have been in use 
since 2002. The predecessor of the new 
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“  This structure, inspired by 
 nature, does not compromise the 
aerodynamic performance.”
Stefan Oerlemans
Key Expert Aeroacoustics, Siemens Wind Power
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model had already featured that serrated edge 
for increased power output as well as substan-
tially more quiet operation. The combined  
expertise of several Siemens research groups 
around the globe was brought together in a 
“Low Noise” team. Its task: to apply advanced 
new R&D methods for noise reduction across 
the entire onshore direct-drive fleet of turbines 
without impacting energy output.

With the team’s innovation, the SWT-3.3-130 
Low Noise achieves an even lower sound power 
level of 104.9 decibels at 6 m/s. The aeroelastic 
tailored blade design sets a new benchmark for 
use at all wind speeds in noise-restricted con-
ditions. Generally, mechanical noise emanat ing 
from the gearbox or generator can be sup-
pressed; the dominant source of noise stems 
from the aerodynamics of the blades them-
selves. Specifically, it is the trailing edge noise 
created by turbulence on the outer 25 percent 
of the blade that Siemens engineers have been 
working to eliminate. 

Aerodynamic advantages
One way to do that is through the blade’s ge-
ometry. Aeroelastically tailored blades have 
a unique planform design for handling deflec-
tion or structural deformation from loads 

caused by sudden gusts of wind. That aero-
dynamic advantage helps to keep the noise 
down. Another innovative approach is the use 
of advanced turbine controls that can help 
to optimize blade pitch and rotor speed. The 
third element, inspired by the silent flight 
of the owl, is the use of blade add-ons.

In an ingenious example of industrial de-
sign emulating nature, the serration is com-
bined with comblike teeth to produce a porous 
trailing edge, reducing noise by over 10 per-
cent compared to the previous industry stan-
dard. This had been set by the first-gen eration 
SWT-3.3-130, which won gold in the 3MW-Plus 
category of the “Turbine of the Year” award 
from Wind Power Monthly magazine in 2015 – 
based on the criteria of innovative technology, 
design and manufacturing quality, operational 
track record, market impact, and ease of instal-
lation and maintenance. 

Silence please – testing…
During the development phase, wind tunnel 
testing on two-dimensional airfoil sections 
showed a measurable acoustic benefit of the 
trailing-edge serration under real-world con-
ditions, i.e., using varying parameters for 
flow speed and angle of attack. Subsequent 
field testing confirmed these results when 
 using downstroke and array methods for indi-
vidual blades and the IEC standard method 
for complete rotors, explains Stefan Oerlemans, 
Key Expert Aeroacoustics at the technology 
department of Siemens Wind Power. Crucial-
ly, both in the wind tunnel and in the field 
measurements showed that the substantial 

reduction in noise at all wind speeds doesn’t 
affect annual energy production: “This struc-
ture, inspired by nature, does not compromise 
the aerodynamic performance,” Oerlemans 
explains.

The new combed-teeth blade add-on will large-
ly replace Siemens’ first-generation DinoTail 
for onshore wind turbines. Serial manufactur-
ing of the Low Noise equipment for the new 
Siemens wind turbine SWT-3.3-130LN has  
already begun. The new DinoTail Next Genera-
tion will also be applied to the SWT-3.6-130 
and the SWT-3.15-142 turbines. 

While residents in adjacent neighborhoods 
can thus be spared sound pollution, the new 
turbine should also give consumers and ope-
rators an edge in the market: Beyond the crea-
tive engineering of the blade, which allows 
power output to be preserved in restricted 
 zones such as near residential areas, the opti-
mized generator and a modularized compo-
nent concept help to bring down the levelized 
cost of energy (LCoE) for wind power even 
further. 

Christopher Findlay is a business 
journalist based in Zurich.

Siemens turbine blade designers have 
 patterned the new design of low-noise operation 
on the model of owl feathers – an approach 
 known as “biomimicry.”

The trailing fringe of an owl’s wing has a 
serrated structure that creates small swirls 
of air in flight. As a result, the flight of the 
nocturnal bird is almost silent.

Onshore wind

· Sound power level: 104.9 db at 6 m/s
· Nominal power: 3,300 kW
· Rotor diameter: 130 m
· Blade length: 63 m
· Swept area: 13,300 m2

· Hub height: 85-135 m
· Annual output at 6.5 m/s: ~11.0 GWh 
· Annual output at 8.5 m/s: ~16.0 GWh
· Rotor weight: 96 t

SWT-3.3-130 Low Noise – 
technical data IEC class: IIA
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In recent years, a small 
team in Finspång, Sweden, 
has revolutionized the de-
velopment, manufacturing, 
and repair of gas turbine 

Technology  
without limits

components. Complex 
 metal parts can now be 
3-D-printed, offering un-
imagined design possibili-
ties in a faster and more 
flexible manner than con-
ventional manufacturing.

Additive manufacturing Additive manufacturing
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“ The nice thing about this technology 
is that it has nothing but advantages 
over conventional manufacturing.”

T here’s a lot of talk of dreaming 
in Finspång. It’s hard to imag-
ine a more Swedish landscape: 

a  small town nestled idyllically among 
the hills, with seemingly endless for-
ests and extensive lakes. But it’s not 
the environment that gets Siemens’ 
additive manufacturing (AM) experts 
dreaming. It’s the possibilities created 
by their new workshop, which is one 
of the most advanced of its kind in 
the world and already manufactures 
parts in series on a commercial basis. 
The works in Finspång, acquired by 
Siemens in 2003, produce industrial 
gas turbines with outputs of up to 
54 megawatts; in the future, compo-
nents for these will increasingly be 
printed in 3-D at the new workshop. 

It’s uncharacteristically quiet for an 
industrial facility; all you hear is a 
whirring sound and the ventilation. 

White cabinets are scattered through-
out the large, almost clinically spot-
less production hall. At first sight they 
look unspectacular – until you look 
through the window at the front of 
the cabinet. There, you see the inces-
sant flashing of lasers as they melt 
metal powder and build eight gas tur-
bine burners simultaneously in 
thousands of layers. This is AM in its 
most advanced form, using a 3-D 
printer with four lasers developed 
for Siemens in collaboration with 
manufactuer EOS. It can only be 
found in Finspång, and is currently 
still in a pre-commercial state. Since 
the workshop took delivery of the 
first 3-D laser back in 2009, things 
have developed at an incredible 
pace. Siemens has invested €20 mil-
lion in this facility, and now auto-
mated production is the next aim. 

Only advantages
“The nice thing about this technology 
is that it has nothing but advantages 
over conventional manufacturing,” 
explains Vladimir Navrotsky, Chief 
Technology Officer for the Distributed 
Generation Service Business Unit at 
Siemens. “We’re able to manufacture 
more flexibly, and in a more environ-
mentally friendly way. Our customers 
also get upgrades faster.” Navrotsky, 
who was born in Russia and has spent 
the last 20 years working in Switzer-
land and Sweden, says that a signifi-
cant reduction in lead time makes 
both Siemens and its customers more 
competitive. Highly complex compo-
nents can be manufactured at the push 
of a button: “With AM, the amount 
of manufacturing work involved is 
the same whether you need one hole 
or one hundred,” says Navrotsky.

The workshop at Finspång, inaugu-
rated in February 2016, already has 
the capacity to take care of burner 
repairs for a global fleet of gas tur-
bines. An example of how the pro-
cess differs from the conventional 
manufacturing process is the fact 
that now only a small part of the 
burner head, around two centime-
ters, is machined off and recon-
structed with the 3-D printer. 
According to Navrotsky, the process 
is now ten times faster. “Nothing has 
to be produced in the traditional way 
with wasteful subtractive manufac-
turing; we use no more than precise-
ly the amount of material required.” 
A job that used to take almost a year 
can now be managed by Siemens in 
only a few weeks. Since these 3-D 
printing processes use up to 80 per-
cent less energy and thus produce 

fewer emissions, they’re more envi-
ronmentally friendly. Besides burner 
heads, other components also in 
commercial production include a 
newly developed swirler. Customers 
whose assets are being maintained 
or repaired will receive components 
in the latest design.

Other components, such as im-
proved turbine blades and impellers, 
are being tested for market launch. 
Finspång is the ideal location for 
Vladimir Navrotsky’s 20-strong 
team: “Here, we have the entire value 
chain on one site: the design team, 
the production facility, and service.” 
They’re also working hard on a new 
burner design. The benefits of AM 
technology are reflected in “skyrock-
eting progress in R&D,” explains 
Navrotsky. A burner that used to be 
put together using 13 parts is now 

produced in a single piece by the 3-D 
printer, and weighs 25 percent less. 
Thanks to AM, fuel and air pipes, 
which were placed outside the burn-
er in conventional models, can be 
routed internally, greatly reducing 
the risk of damage and leaks. 

Design freedom
Moreover, a completely new burner 
front for the SGT-800 turbine is due 
to enter serial production within the 
next year. It can have a lattice struc-
ture that can only be produced with 
AM, which saves fuel, enhances effi-
ciency, and boasts a strong cooling 
effect thanks to the flow of air pro-
duced. “This reduces the temperature 
by up to 200 degrees Celsius,” ex-
plains Navrotsky, adding that this 
eliminates a source of damage: even 
a mere 10-degree reduction 

Vladimir Navrotsky, Chief Technology Officer,  
Siemens Distributed Generation Service Business Unit

Making production 
more  flexible, cheaper, 
and greener: Vladimir 
Navrotsky, CTO of 
Siemens’ Distributed 
Generation Service 
Business Unit.

Additive manufacturing Additive manufacturing
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increases the life span of the turbine 
blades. Thirty years ago, Navrotsky 
did  research on blade cooling for his 
PhD. Back then, the lattice structure 
existed as an idea, but the technology 
wasn’t there yet. “Now, thanks to AM, 
we can control the cooling effect by 
controlling the type of structure, as 
well as its rigidity and weight. This 
gives us more or less limitless design 
freedom.” It’s one of those dreams 
that have come true.

But it’s only the beginning. Tests 
have enabled the Finspång team to 
 develop the optimal lattice structure 
for creating a mixture of natural gas 
and hydrogen in the burner. For 
some Siemens customers, hydrogen 
is a cheap alternative to natural gas 
because it’s produced as a by-product 
of chemical processes, explains 
Navrotsky, “which prompted us to 
modify the SGT-800 burner.” Now it’s 
possible to use up to 60 percent hy-
drogen, resulting in annual savings 
of more than €3 million compared 
with running the turbine on natural 
gas. There are specific design solu-
tions for other fuels as well.

“Thanks to AM, we can respond 
to customer requirements even more 
 effectively,” says Thorbjörn Fors, CEO 
of the global Distributed Generation 
Service Business Unit. He emphasizes 
the enormous possibilities in terms 

Blueprint for the future: Siemens has invested €20 million in its facility 
for automated production at Finspång, Sweden.

“ Thanks to AM, 
we can respond 
to customer 
 requirements 
even more 
 effectively.”
Thorbjörn Fors
CEO, Siemens Distributed 
Generation Service  
Business Unit

Additive manufacturing allows up to...

30%  

reduction of greenhouse  

gas emissions

50%  

reduction of lead time

60%  

hydrogen in the fuel mix 

in gas turbines

AM creates enormous pos-
sibilities for engineers in 
experimental design; exist-
ing models can be tweaked 
and new 3-D prototypes 
created with relative ease.

Additive manufacturing
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Niels Anner lives and works in  
Copenhagen as a correspondent for  
the Neue Zürcher Zeitung.

Watch the film: Gas turbine burner 
repair with additive manufacturing.

  siemens.com/3a0082

of design and flexibility. AM, he ex-
plains, makes it possible to experi-
ment, because to produce an im-
proved component, you only have 
to tweak the computer model and 
make a new 3-D print. “But of course 
we also have to meet the same quali-
ty criteria as a conventional manu-
facturing process,” adds Fors. “Our 
industry is conservative. It requires 
thoroughness and precision, plus 
thousands of hours of testing, to prove 
that with AM, we have a pioneering 
role as far as the heart of the gas tur-
bine is concerned.” It’s a position 
Siemens has maintained for years, 
he adds.

A new era dawns
The company has far-reaching plans 
to make AM production even more 
flexible by decentralizing it. In the fu-
ture, there will be 3-D printers at 
Siemens service centers worldwide 

AM in its most advanced form: The unique 3-D printer with four lasers was developed 
for Siemens in collaboration with manufacturer EOS. 3-D lasers have been in use at the 
 Finspång workshop since 2009.

“ We can not only 
deliver more 
quickly, but also 
meet the re-
quirement that 
production 
should take 
place locally.”
Vladimir Navrotsky

for printing replacements and new 
parts locally. The era of large ware-
houses full of premanufactured com-
ponents waiting to be shipped to 
customers is drawing to an end. The 
idea is to print components wher-
ever Siemens gas turbines are locat-
ed, just about all over the world. 
Vladimir Navrotsky says: “In this way, 
we can not only deliver more quickly, 
but we can also meet the require-
ment, stipulated by a growing num-
ber of countries, that production 
should take place locally.”

One of the keys is digitalization, 
and Siemens is increasingly gearing 
its manufacturing accordingly. All 
processes are informed by data from 
the cloud, from designing on the 
computer through development, pro-
duction, and the manufacture of 
spares. Measurement data from gas 
turbines is already gathered at the 
customer’s facility and analyzed by 

Areas of application

Rapid prototyping Rapid manufacturing

75%  

development
time reduction

85%  

faster manufacturing
of complete burner set

Prototypes produced with AM are 
increasingly used for production 

development to test certain prop-
erties before series production 

begins. As production with AM is 
much faster than conventional 

manufacturing, testing and devel-
opment times of components are 
accordingly reduced. Early valida-

tion of new designs is possible.

Industrial use of AM technology 
enables new opportunities for 

spare part and supply chain en-
hancement such as the manufac-
turing of spare parts on demand 

and even close to a site. 
Currently, Siemens uses AM for 

rapid manufacturing of gas 
 turbine components.

Rapid repair

60%  

faster repairs of burner tips 
for SGT-700 and SGT-800 

gas turbines

Replacement of conventional 
 repair processes with AM technol-
ogies provides not only a signifi-

cant reduction in repair time,  
but also an opportunity to modify 

repaired components to the  
latest design.

Siemens. This enables damage and 
wear and tear to be detected early 
on. But there’s more: With plans to 
make 3-D tomography an integral 
part of processes, in the future, it will 
be possible to check parts using x-
ray scanners at the local Service 
Center and have problems  analyzed. 
3-D printers will be used to make 
 repairs on-site, or a spare will be 
printed before a defect even occurs – 
anywhere in the world, controlled 
from a Center of Competence. “We’re 
in the starting blocks in terms of this 
on-demand production,” says CEO 
Thorbjörn Fors. The next step is to 
take it to the whole world.
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There is a staggering variety of gaseous and   
liquid fuels used in gas turbines – and it  
would be economically and ecologically un-
wise not to use them to their best potential. 
Fuel flexi bility is evidently the industry’s 
 trending topic. But as technology becomes 
more sophisticated, so do customers’ 
requirements.

Text: Barbara Simpson  

In search of the 
perfect flame 

hat it all boils down to 
is creating the perfect 
flame,” says Martin Urban. 

Though his statement sounds like 
a philosophical axiom, or maybe a 
pop lyric, what he is really referring 
to is the challenge of burning a vari-
ety of gaseous and liquid fuels with 
the best possible energy extraction 
and the least possible emissions. 
“Remember the Bunsen burner from 
your high school chemistry class? 
Initially, the flame is bright yellow, 
with a lot of soot, but it’s very stable. 
Once you open the air supply, the 
flame turns blue – a sign that it’s a 
very clean, homogeneous flame with 
evenly distributed heat and low 
emissions.” Burning fuel is not that 
difficult. But burning any fuel with 
consistently low emissions is a sci-
ence, and one that Urban and his team 
have perfected: “The clue is the opti-
mal mix of air and fuel.”

As Vice President for Global 
Product Development for Distributed 
Generation at Siemens, it is Urban’s 
responsibility to create specifications, 
designs, and models so that the in-
dustrial and aeroderivative gas tur-
bines used in small and medium-
sized power generation packages can 
operate in a wide range of challeng-
ing as well as changing conditions. 
They can be applied in local solutions 
such as urban power supply, or in-
dustrial power generation for the oil 
and gas industry, or temporary solu-
tions such as emergency power sup-
ply in disaster areas, or for bridging 
energy supply shortfalls prior to the 
installation of larger, more perma-
nent energy infrastructure. The 

unifying challenge of all these sce-
narios: The engines need to run on 
whatever fuel is available.

Diffusion and premix 
combustion
“That yellow flame is called a diffu-
sion flame,” explains Urban. “Twenty 
years ago, diffusion was the preva-
lent combustion technology. However, 
it produced too much emission and 
was inefficient.” Premixing the fuel 
with air provided a remedy to both 
predicaments. The result was a clean, 
blue flame in the optimal thermal 
range. Nowadays, all advanced sys-
tems operate with premix combus-
tion technology to achieve low emis-
sions and high efficiency. For stability 
reasons, some gas turbines still use 
diffusion flame components, e.g., 
to assist with the ignition of difficult 
 fuels. “Fuel flexibility means the abil-
ity to burn a wide range of  fuels – 
but also to control their emissions,” 
he says. As it turns out, the quality 
and types of fuels can differ enor-
mously. 

On offshore oil platforms, small 
gas turbines such as the popular 
Industrial RB211 are used to generate 
the electricity needed for operations. 
Gas fuel for oil and gas applications 
can come from a variety of sources. 

“W Operators will have access to pipe-
line-quality gas, but will also use 
wellhead gas or process gas. The 
chemical composition of the associ-
ated gas extracted from an oil well 
changes over the years. Even if an oil 
producer starts out with a clear un-
derstanding of how the fuel is com-
posed, there is no telling exactly how 
high the carbon dioxide, ethane, or 
propane levels – to name just a few 
of the possible ingredients – will be 
in five or ten years’ time. And then 
there are so-called upset conditions, 
in which rapid fuel switchover 
might, for example, mean an instan-
taneous switch from a primary gas 
source with 2 percent of carbon diox-
ide to a back-up source with 25 per-
cent of carbon dioxide. From one 
moment to the next, complying with 
emissions regulations will become 
a lot more difficult.

Instant surprises, real-time 
control
In the old days, whenever the fuel 
quality changed, burners would have 
to be exchanged to suit the new con-
ditions. With today’s requirements 
of fast fuel switchover, combustion 
technology needs to be smart and 
 react to changing parameters almost 
in real time. The key to built-in 

“ Fuel flexibility means the ability to 
burn a wide range of fuels – but also 
to control their emissions.”
Martin Urban, Vice President for Global Product Development 
for Distributed Generation at Siemens



flexibility that endures over time 
is hardware that is tolerant of the 
changing demands and a control sys-
tem that intelligently fine-tunes the 
valves and air inlet based on the real-
time data transmitted from the nu-
merous data points. The real intelli-
gence lies in premixing and swirling 
the perfect ratio of fuel and incom-
ing air to create the ideal conditions 
for the energy conversion. “Today, 
we can offer customers much more 
in terms of fuel flexibility than we 
could just a while ago,” says Urban. 
“This flexibility relates to the range 
of the Wobbe index, i.e., the change 
in composition of a gas, as well as 
to the speed at which it changes.”

In order to optimize the premix 
process, a lot of research and testing 
has gone into improving the geome-
try of the burner. There are numer-
ous fuel valves, edges to make the 
 incoming air swirl, and the variable 
ventilation slits that adjust the vol-
ume and the speed of air influx. 
Comparing veteran diffusion burn-
ers with state-of-the-art third-gener-
ation dry low emission (DLE) burn-
ers like the one used for the SGT-600, 
SGT-700, and SGT-800, one cannot 
help but notice that burner innova-
tion has come a long way.

Operating with gaseous 
as well as liquid fuels
In Latin America, a customer re-
quested dual-fuel capability – the 
ability to switch over between 

gaseous and liquid fuels during 
 operation – with the proviso that he 
did not intend to use oil as a simple 
back up fuel, but rather as a main 
 fuel for the first two years of opera-
tion. This choice enabled him to im-
mediately start generating electrici-
ty, and hence revenue, to invest in 
the continuation of this project and 
the building of a gas pipeline.

Usually, liquid fuel is a backup 
 option for a couple of days, should 
the gas supply be temporarily inter-
rupted. Liquid fuel is injected into 
an already hot engine and seamless-
ly feeds the combustion process. “We 
barely get 8,000 continuous operat-
ing hours on liquid fuel from the 
field,” explains Urban. “But we have 
accelerated product validation: sys-
tems that test our products as if they 
had been running for one year 
straight.” However, any fuel flexibili-
ty challenge such as this one will re-
quire a holistic approach. While the 
burner architecture is always the core 
element, all other parts of the gas 
turbine need to be considered, too.

Learning from experience – 
with intelligent data
This kind of flexible operation, per-
fectly adapted to regional conditions 
and fuel specifications, has become 
possible due to real-time sensor data 
collection and advanced machine 
learning programs. “We continu-
ously measure the combustion pro-
cess at the Service Data Center in 

Nuremberg. What kind of vibrations 
can be detected inside the combus-
tion chamber? What are the tempera-
tures in which part of the gas tur-
bine? Which exhaust gases are pro-
duced in the end?” explains Urban. 
Based on this continuous data stream, 
Siemens can decide when to advise 
customers to adapt the operational 
mode to get the best efficiency or ad-
just the parameters to suit new fuel 
requirements. He adds: “Nowadays, 
we optimize the combustion process 
in real time. Using gas chromatogra-
phy, we can track each change in the 
chemical composition of the fuel and 
assist in creating a stable combus-
tion process, maximizing efficiency 
while remaining emission-compliant 
at all times.” This operational data, 
which is collected around the world, 
teaches machine learning programs 
to become the most intelligent con-
trol system imaginable. 

In Alaska, a customer wants to 
make sure that the fuel he uses will 
provide the desired fuel flexibility 
not only in test conditions but also in 
real ambient conditions, meaning 
temperatures as low as –60 degrees 
centigrade. “The operational de-
mands placed on the combustion sys-
tem in this setting are completely 
different than at 20 degrees centi-
grade,” says Urban. “Thanks to the 
intelligent control system, we can 
validate these operating conditions 
by profiting from comparable expe-
rience, for instance, in Siberia.”

The hydrogen challenge
In Germany, a large refinery was 
looking to fuel its gas turbine with 
waste gas that contained a high level 
of hydrogen – 15 percent. Usually, 
this gas would have been flared off, 
wasting its calorific value. Using this 
by-product for energy generation 
not only saves the money otherwise 
spent on buying fuel, it also avoids 
the environmental fee associated with 
burning waste gas. Coke oven gas, 
which results from steelmaking and 
contains an array of further impuri-
ties in addition to hydrogen, can also 
be used, although its calorific value 
is very low. 

The challenge of burning hydro-
gen is not only that it is highly corro-
sive but also that its flame speed is 
very high. In order to protect the 
burner hardware, the flame speed 
has to be lower than that of the in-
coming fuel; otherwise the flame is 
sucked backward and might auto- 
ignite the fuel supply. “For our stan-
dard burner in the SGT-600, SGT-700, 
and SGT-800, we have just solved the 
problem and are now able to add up 
to 45 percent hydrogen to the fuel 
mix,” Urban proudly relates. “The 
 secret to this success lies in the tip 
of the burner, a sophisticated system 
that almost looks like a sieve, and 
could only be produced through ad-
ditive manufacturing (see also 
Technology without limits, p. 38). 
The hydrogen can be injected in tiny 
jets at very high velocity, beating 
the flame speed.”

The speed of innovation
Fast fuel switchovers, fuel flexibility 
with DLE, dual-fuel capability, using 
hydrogen as a gas turbine fuel – 
what has made this tremendous in-
novation boost in fuel flexibility pos-
sible over the last years? “There have 
been advances in materials, aerody-
namics, the combustion process, and 
manufacturing. We have seen enor-
mous leaps in numeric simulation 
and in testing and validation through 
digital technologies and additive 
manufacturing,” says Urban. “But it’s 
also the combined technology know-
how that we harness here at Siemens 
from the aero-derivative gas turbine 

portfolio and the industrial gas tur-
bine portfolio, which has been com-
plemented by oil and gas  know-how 
from Dresser-Rand.” 

Martin Urban expects innovation 
 cycles to accelerate even faster in the 
future. The accuracy of mixing preci-
sion, the precise simulation of com-
bustion processes, and the adoption 
of rapid prototyping processes all 
contribute to creating very favorable 
conditions for further improvements 
in gas turbine technology and going 
beyond the next efficiency or flexibil-
ity frontier. Indeed, now that 

additive manufacturing has elimi-
nated many design and production 
constraints, the engineer’s play-
ground seems to have expanded in 
all directions. The areas of applica-
tion are multiplying, as the recent 
technological breakthrough not only 
has inspired the engineers’ imagina-
tion but has also encouraged cus-
tomers to dream bigger.

Barbara Simpson is a business and science 
journalist based in Zurich.

Fuel flexibility

A wide variety of gaseous fuels are considered suitable for use in a gas turbine.  

Gas turbine fuel feedstock

0% 20% 40% 60% 80% 100%

Using several fuel valves and variable ventilation slits, modern burner architecture creates an optimal 
swirl of gaseous fuel and air to achieve the perfect flame.

Tail gas

Blast furnace gas

Air-blown gasification

Steel process by-product

Syngas

02 gasification

Wellhead gas (very high share of inert gases of 50–85%)

Landfill gas

Digester gas

Sewage gas

Refinery gas with medium calorific value

Wellhead gas (high share of inert gases of 25–50%)

Coke oven gas (COG)

Hydrogen

Natural gas

Natural gas with hydrogen

Liquefied natural gas (LNG)

Refinery gas with high calorific value

Wellhead gas (high share of hydrocarbons)

Process gas with high calorific value

Liquefied petroleum gas (LPG)

  Carbon dioxide (CO2)

  Nitrogen (N2)

  Carbon monoxide (CO)

  Hydrogen (H2)

  Propane (C3H8)

  Ethane (C2H6)

  Methane (CH4)
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Energy networks are becoming increasingly digital and inter-
connected. The threat of cyber-attack represents a significant 
risk factor. We traveled to Utrecht in the Netherlands to find 
out how Dutch energy utility Alliander deals with this risk in its 
 transition to fully digital utility status.

Cybersecurity in the  
                    energy sector: 

Digitalization

Everybody’s war?

Digitalization
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the meters themselves, where it can 
rapidly become dated. “Intelligence 
should permeate the digital grid, 
distributed in such a way as to mini-
mize risk and maximize effective 
management and rapid response,” 
Scheer notes. It’s an excellent oppor-
tunity to steer the conversation to-
ward our core topic – cybersecurity. 
Does distributed digital intelligence 
throughout the grid not offer a larg-
er target for cyber-attacks? Smart 
meters have proven notoriously hack-
able, but the potential harm is limit-
ed. Elsewhere – in substations and 
related SCADA (supervisory control 
and data acquisition) systems infra-
structure – the risk is significantly 
higher. How risky is all of this?

Collective security
Scheer admits that the risk is high, 
but the alternative is simply no lon-
ger viable. He insists the risk can 
be managed with the right mindset, 
technologies, and awareness. Every 
technology introduced to safeguard 
systems brings an additional risk 

factor, however, and Scheer is not 
a fan of building castles. Rather, he 
sees the solution in a universal ap-
proach to cybersecurity. It should 
permeate every aspect of the organi-
zation, from management – where 
cybersecurity can be cast in terms of 
conventional risk management vo-
cabulary – down to engineers, cus-
tomer service personnel, and techni-
cal staff, where procedures, good 
practice, solid equipment, and an in-
grained security-aware mentality can 
help avoid risk-inducing elements.

The whole organization – over 
7,000 staff members, in the case of 
Alliander – should become a rapid 
reaction force to counter cyber risk, 
according to the company CTO. “We 
do not need to build castles around 
everything. Rather, we need a resil-
ient grid, with supportive infrastruc-
ture and people that can respond 
quickly to attacks, problems, and fail-
ures, protected by such technology 
as is needed where it is needed.” This 
requires an organization schooled in 
dealing with the risk of cyber-attack 

at all levels. Management must un-
derstand the real-world impact of the 
risks a digital grid poses, phrasing 
it in terms conventional energy man-
agers understand – money, down-
time, maintenance costs. Investing 
in resilience makes a great deal of 
 financial sense.

The human threat vector
“The biggest threat is human, not 
technology,” Scheer explains. Whether 
it is a lack of understanding at the 
board level, resulting in insufficient 
attention to and financing for cyber-
security measures – a situation that 
Scheer says is all too common, but is 
fortunately not the case within 
Alliander – or human engineering to 
get around the protective layers of 
technology by convincing employees 
to help attackers gain access to sys-
tems: People represent a far more 
dangerous threat vector than groups 
of anonymous hackers somewhere 
in the “dark net.” This includes the 
uncomfortable specter of direct 
physical attack.

Jeroen Scheer, CTO 
of Alliander, aims to 
create a fully digital 

utility network.

here seem to be two main 
schools of philosophy in the 
energy business. One sees 

 energy as a service. The other sees 
energy as a commodity. “I see energy 
as a commodity.” Jeroen Scheer looks 
pensive as he puts this out there, 
right at the beginning of our inter-
view. Coming as he does from a back-
ground in retail, this does not seem 
surprising – but worth a bit more 
digging. Even in the light of a mas-
sive transformation in the energy 
sector? With distributed generation, 
own use, local renewables, and a 
dozen more disruptive factors? “Even 
then,” Scheer responds: “We want 
energy to maintain the characteris-
tics of a commodity, in spite of so 
many new factors influencing gener-
ation and distribution; in other 
words, while we reverse the entire 
energy value chain.”

It slowly dawns that there is much 
more than your average energy phi-
losophy going on here. Jeroen Scheer 
is CTO of Alliander, a network com-
pany based in the Netherlands, re-
sponsible for the distribution of elec-
tricity, (bio)gas, and heat. A publicly 
owned utility transitioning to fully 
digital operation, it manages nearly 
125,000 kilometers of grid in six 
Dutch provinces, including more 
than a million smart meters. As such, 
the utility is focused on energy net-
works – reliably transporting and 
 reselling that energy commodity 
 between an increasingly diverse set 
of consumers and producers. The 
 obvious question is: How? The answer, 
it turns out, is technology. Having 
spent many years applying technolo-
gy to answer the challenges of sys-
temic efficiency in the retail sector, 
a career change now has Scheer apply-
ing technology to solving the myriad 
challenges facing the energy sector. 
He is guiding Alliander toward be-
coming a true digital utility by taking 
their conventional grids and making 
them fully digital.

“ Intelligence should 
permeate the digi-
tal grid, distributed 
in such a way as to 
minimize risk and 
maximize effective 
management and 
rapid response.”
Jeroen Scheer   
CTO of Alliander

€ 1.6 billion 
in revenue

Alliander:  
Facts and figures

Smart metering immediately 
comes to mind, and indeed, Alliander 
is involved in improving the data 
 collection interface between prosum-
ers and the grid. Scheer dislikes the 
term, however. Metering is metering. 
“Smart” refers to the intelligent use 
of the increasingly digital data that 
meters collect, and that intelligence 
is not – should not be – resident in 

Digitalization Digitalization

7,240 
employees

 100% 
owned by local and  

provincial  
governments
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corrective techniques and their 
 application. So, what kind of toolkit 
is available for dealing with these 
challenges?

One such instrument is patching, 
a process in which the software em-
bedded in everything from smart me-
ters to transformers to control cen-
ters can be centrally updated to foil 
potential exploits. It is seen as a key 
technology in reducing the risk of 
cyber-attacks; however, it also opens 
a new attack vector in a situation 
where malignant software (“mal-
ware”) is distributed using the patch-
ing system, causing widespread 
damage. 

Alliander’s alliances
Challenges remain, however, and 
this is one area where close coopera-
tion with technology partners – nota-
bly Siemens, in the case of Alliander 
– is essential in dealing with some 
especially tricky situations. Alliander 
works closely with Siemens to solve 
a number of very complex challenges 
in patching substations, for instance. 
Patching in  itself is not a solution, 
but is part of a total architectural en-
deavor. Development of such archi-
tectural patterns is required due to 
the long lifetime of such specific OT 
systems.

“There will always be challenges 
we cannot solve alone,” Scheer re-
marks. For situations such as those, 

strong partnerships with companies 
that supply the technologies needed 
to run a grid, like Siemens, will re-
main vital. But those partnerships are 
not for the delivery of products or 
services. Rather, they are based on 
joint innovation and a shared aware-
ness of the task at hand: developing 
a safe and resilient grid together.

Exchange with other players in the 
sector to share the burden of cyber-
security is proving just as valuable. 
Both Alliander and Siemens are on 
the board of ENCS (European Network 
for Cyber Security), a platform that 
allows players in the European ener-
gy sector to share experiences, col-
laborate on preventative and amelio-
rative measures, and generally gain 
a better understanding of both the 
threat and the prevention of cyber-
attacks in the energy sector. Alliander 
participates in a number of such 
 forums, also internationally, con-
vinced of the significant business 
benefits that this involvement brings. 
Also  notable in this context is EE-
ISAC (European Energy – Information 
Sharing & Analysis Centre), where 
Alliander and Siemens partner.

Embedded intelligence
Scheer provides a concrete example: 
In managing its grid, Alliander has 
implemented online control and 
management of its network of sub-
stations. How does it protect those 

Rian van Staden is an energy author 
based in Germany.

key components now that they 
are all centrally connected and con-
trolled? The answer is a combined 
approach of technology and access 
management, which forms a security 
system consisting of seven layers 
(the same number as is typically 
used for nuclear reactors) that pro-
tect the core control routines of 
the units themselves.

Those control routines are also 
imbued with an embedded intelli-
gence of their own. They ensure that 
commands cannot be accepted that 
would bring the units into a state 
outside of accepted operational pa-
rameters. Access by Alliander staff to 
those routines is also strictly limited 
– “I can’t get anywhere near them, and 
I’m the CTO!” Scheer laughs – and 
requires coordinated actions by a 
precisely defined, limited set of staff 
members. In the near future, the 
 installations will also communicate 
among themselves to enable a better 
evaluation of the validity of any 
 commands received.

It certainly sounds like Alliander 
is well on its way to becoming a digi-
tal utility. What remains to be done? 
Again, it all comes back to an orga-
nization-wide mentality of security 
and resilience, and the technology 
to implement that resilience at a net-
work level. “We keep pushing toward 
a better understanding among our 
staff and the industry of what is 

When it comes to 
cybersecurity, the 

human factor is just as 
important as the tech-

nology, according to 
Alliander’s CTO.

circa 

1 million 
smart meters

installed

80,000 km 
of electricity 

networks

3 million 
customers

43,000 km  
of gas  

networks

Source: alliander.com 

However, all other parts of the orga-
nization must share this threat vec-
tor awareness. Engineers must under-
stand and be versed in dealing with 
failures stemming from both tech-
nology and from individuals, through 
resilience training that includes 
modeling, practicing, and testing 

involved, what the risks are, and how 
best to combat them,” Scheer says. 
Alliander wants to offer its clients a 
broad set of generating and consump-
tion choices without those choices 
impacting negatively on the risks the 
supporting grid faces.

It helps to have a board that under-
stands the risks involved in manag-
ing a digital energy network and has 
a high-powered “digital champion.” 
Scheer sees this as a key factor in 
successfully rolling out countermea-
sures, which makes it possible to 
“sell” financing cybersecurity mea-
sures as risk management. Add to 
this a management-driven commit-
tee focused on resilience within 
Alliander, and it becomes clear that 
a resilient approach to cybersecurity 
enjoys the highest priority here. If 
the proof is in the practice, Alliander 
seems to be on the right track, oper-
ating one of the most stable grids in 
the Netherlands, a market already 
famed for its grid stability.

Cybersecurity is clearly a rapidly 
changing battlefield; just as in con-
ventional warfare, it requires contin-
uous vigilance and a variety of re-
sponses from a range of specialists. 
As a tool for warding off attacks on 
critical infrastructures, it requires 
awareness and a consolidated re-
sponse from everybody involved. 
And as with terrorism and war gen-
erally, it is the human element that 
stands front and center in determin-
ing the outcomes. Technology, in-
telligence, and preparation are the 
key weapons in our arsenal to safe-
guard our energy supply – today and 
tomorrow.

2,031 
charging stations

99.9% 
availability  
of energy

 

107,424 

customers  
feeding energy  

to the grid
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Power generation service

Tim Holt, the new CEO of the Siemens Power 
Generation Services Division, explains how 
digitalization and innovative analytical tools 
are offering customers immense opportuni-
ties to improve flexibility, efficiency, and 
 productivity in turbine applications.

Text: Haig Simonian    Photos: Christian Jungeblodt

The flexibility  
revolution in Power  
Generation Services 

W hat’s been behind digitalization, and how 
have things changed from the past in power 
generation?

There have been three key developments. First is the 
transformation of sensor technology thanks to micro-
processors. Basic monitoring of temperature and pres-
sure existed for years. But sensors have now become 
much smaller, tougher, and able to communicate. 
Miniaturization means they can now be installed in plac-
es they couldn’t before, and robustness means they 
can go into much harsher environments, while wireless 
communications technologies like Bluetooth and Wi-Fi 
mean they can transmit data without any inconvenient 
cables. Just getting the signals was hard in the past.

Microprocessors have also become much cheaper and 
are often available off the shelf rather than having to be 
tailor-made, which made them much pricier. So cost, too, 
has spurred vastly increased usage.

With all the real-time data now available, we’re much 
more aware of how turbines are performing. The basic 
principles remain fundamentally the same: a rotating 
system coupled to a generator. And there were always cer-
tain core parameters, like RPM, temperatures in and out, 
emissions, and operating efficiency. But what’s changed 
now is that we can monitor and analyze all manner of 
 data flows constantly. 
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Haig Simonian is a freelance 
journalist based in Zurich.

Power generation service

How does that improve customers’ productivity?
The key word is flexibility. As the electricity-generating 
market has been transformed, so have generators’ re-
quirements. Gas turbines are relatively flexible, especial-
ly compared with a huge coal or nuclear plant. So they 
could ramp up or ramp down as necessary, depending on 
demand. Now, though, especially with the arrival of re-
newables, which are inherently volatile, gas turbines need 
to be even more flexible. But that operational flexibility 
must also be measured against ensuring the lowest costs 
and the lowest emissions. 

So the rise of digitalization and change in the 
 service-customer relationship is part of the broader 
transformation of the power generation industry 
under liberalization and other changes?
Absolutely. Look at it from the operators’ point of view. 
In Europe, there have been huge changes, notably some 
countries’ shift from nuclear to renewables, with the 
main result being ever greater pressure on costs. In the 
Middle East the top priority remains security of supply. 
Even the oil and gas industries, which are big turbine 
 users, are undergoing massive changes. 

That’s all made certain key requirements more impor-
tant than ever. Paramount is the flexibility for turbines 
to be fired when electricity prices are highest and for 
greater choice around the timing of service intervals to 
guarantee availability. Granular data monitoring also 
means the life span of expensive capital equipment can 
potentially be prolonged thanks to more careful usage 
over the years. And digitalization also opens the door to 
preventative maintenance: Access to real-time data means 
faults can be detected early and expensive downtime or 
catastrophic failures nipped in the bud.    

How accepting have customers been, in an under-
standably conservative industry, about the opportu-
nities offered?
Power generation is a conservative industry. But much 
is changing. Some countries, for example, have encour-
aged new, nontraditional investors into the business. 
Such Independent Power Producers may own only one 
generating asset and tend to be much more financially 
driven than traditional utilities. That makes them intense-
ly focused on costs and more open to new ideas. 

But there are also changing attitudes among more 
 traditional customers, desperate to gain a competitive 
edge. That’s partly competitive, but also generational, 
with a younger generation of managers at many utilities. 
Such executives are often more comfortable with digita-
lization and big data. Even among older colleagues, the 
forced transformation of power station economics has 
prompted greater openness. 

How are new types of service contracts building 
a new supplier-customer relationship based on great-
er trust and closer links?
Traditionally, there was something of an arm’s-length 
 relationship. Routine servicing would be scheduled far 

Power generation service

in advance and at preset internals – say 25,000 hours 
for gas turbines. Of course, there would also be occasional 
unplanned visits to tackle any faults in daily operations. 
Digitalization means we can offer much more flexibility 
in both settings. Scheduled servicing can take place 
much more accurately, based on the real-time informa-
tion being provided by all sensors. So timing becomes 
more a matter of choice for an operator. That’s particu-
larly valuable at a period of peak demand, such as sum-
mer in the USA, when electricity prices reach seasonal 
highs. At such periods, it suits generators to keep their 
turbines running and postpone scheduled maintenance. 
Our sensors and analytical tools can judge whether that’s 
advisable, offering the operator much more flexibility – 
and profit. 

The same applies to other parameters. The informa-
tion provided by digitalization means a turbine can 
be “overfired” – in other words, run above its ideal capa-
bility – to meet demand peaks. Overfiring may be costly 
in terms of extra wear and tear and maintenance. But, 
thanks to the data available, operators can make a wel  l-
informed decision about the marginal profit potential 
against any likely extra cost. The same applies to “under-

firing.” In the past, the lack of data and appropriate ana-
lytical tools meant an operator never had such options. 

So nonstop data flows have allowed a much more fre-
quent and intense relationship with the customer. That’s 
to everyone’s advantage. The more insights we have, the 
lower the likely costs for the customer will be. We’re in-
creasingly becoming “trusted partners.” 

But isn’t access to intellectual property an issue?
That depends on the customer and the country. Different 
customers allow differing levels of access, from full avail-
ability of all raw data in real time, to a single download 
at the end of each working day, or access only to certain 
main operating parameters. Some customers also worry 
about the competitive risks of releasing proprietary in-
formation. Of course, we reassure them about the thick-
ness of our firewalls as well as the robustness of our data 
protection systems. And obviously, the greatest benefit 
comes through being able to see the entire flow. 

What about cybersecurity?
This is becoming a major concern. Having a safe and sta-
ble electricity supply is a crucial national requirement, 
meaning any threat is a matter of national importance. 
We’re confident we have access to some of the best cyber-
security technology available, including innovations 
 developed by other parts of Siemens. Our “security-by-
design” and “defense-in-depth” approach focuses on 
 assessing, implementing, verifying, and managing the 
security of both data and physical assets.   

What are the risks to suppliers and service providers 
of performance-based service contracts? 
It’s already been 10 to 15 years since so called contracts 
per fired hour were brought in. Of course, that carries 

more risk. But you just need to be better at risk manage-
ment. Such changes also bring opportunities if we can 
really help customers improve their efficiency. 

Additive manufacturing could potentially trans-
form servicing. To what extent is it already reshap-
ing business? 
We’re still in the early days; it’s a technology very much 
at the forefront of change. But the possibilities are end-
less. Most obviously for us, additive manufacturing can 
reduce service and spare parts lead times immensely, 
and at the same time improve technology performance. 
Burner tips in gas turbines, for example, have limited 
lives. Additive manufacturing means we can vastly reduce 
replacement times, and incorporate design improve-
ments as well. And, of course, it helps us in our own pro-
totyping and design, meaning we can bring innovations 
to market much more quickly. 

What do you see as your biggest challenges in 
your new job?
Deregulation has brought bigger risks for customers, 
 requiring us to devise ever more innovative solutions. 
Then there’s the challenge of renewables, which has 
led to a dramatic shift in the generation mix. And finally, 
 advances in information technology have opened the 
door to new  data analysis techniques, enabling us to be 
much more innovative. My task is to persuade people 
to trust the  data. It’s a learning experience for some.

“ The more insights we have, the 
lower the likely costs for the 
 customer will be. We’re increasingly 
becoming ‘trusted partners.’”
Tim Holt, CEO of the Siemens  
Power Generation Services Division

Tim Holt
After graduating in aero and space engineering at the Technical University 
of Berlin, Tim Holt joined Siemens as a test engineer at its gas turbine facility 
in Berlin – and has stayed with the group ever since. 
While climbing the corporate ladder, he found time for an executive MBA at 
Northwestern University’s prestigious Kellogg School of Management in the 
USA, before moving from Berlin to Orlando in 2005, the historic home of the 
former Westinghouse turbines business Siemens acquired in 1999. 
There, he advanced progressively from Vice President of Strategy for the Power 
Generation Services Division to his latest position as divisional CEO since 
October 1, 2016. 
At just 47, that’s made him one of the younger members of Siemens’s top exec-
utive team. But Holt – a native German in spite of his Anglo-Saxon-sounding 
name – doesn’t seem too phased by the challenge, and expresses excitement 
about leading the division to an increasingly digital future. 
Despite being located at one of Florida’s top tourist destinations, with its host 
of attractions, he admits to having relatively little time for Orlando’s sights.   
“We have plenty of visitors. We take them to the theme parks when they open, 
and pick them up again when they’re through, but that’s about it,” says Holt.

Ph
o

to
s:

 3
A

0
0

79

14.2016 | siemens.com/magazine/energy 6564 siemens.com/magazine/energy | 14.2016



66 siemens.com/magazine/energy | 14.2016

Rising levels of electricity theft have prompted the Brazilian 
utility Eletrobras, the World Bank, and Siemens to partner 
in a project using advanced metering infrastructure to foil  
energy scofflaws. The partners are targeting a 50 percent 
 reduction of losses over the next six years.

loses up to 22 percent of all the 
 power it generates to businesses and 
residents who take energy without 
paying for it, either by diverting pow-
er clandestinely from power lines 
with illegal hookups or by manipulat-
ing their meters to show less than 
 actual consumption.

Eletrobras, the largest utility in 
Latin America in generation capacity, 
took a major step forward in April 
2016 to combat thefts when it created 
their Advanced Metering Center and 
opened its new Metering Intelligence 
Center (MIC) in the national capital, 

mart grid” electric power 
technology has won over util-
ities around the world for 

its features that enable power com-
panies to automatically maintain 
network stability, isolate and compen-
sate for outages as well as merge 
low-voltage renewable sources such 
as solar and wind energy seamlessly 
into the power supply.

Eletrobras, Brazil’s largest electric 
power utility, is turning to Siemens 
and its smart grid technology to solve 
a different but no less serious chal-
lenge: electricity theft. The company 

 “S

Text: Chris Kraul    Photos: André Vieira 
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Teaming up to fight
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Brasilia. The company is counting 
on the MIC, which incorporates the 
Siemens meter data management 
application running on the leading 
smart grid application platform 
EnergyIP, to root out electricity 
thieves, big and small, and recover 
some of the US$150 million in bill-
ings that the company estimates 
it is losing each year to electricity 
scofflaws.

A new metering  
intelligence center
The MIC is the centerpiece of a US$700 
million project to combat nontechni-
cal losses, called Energia+, which 

partners Eletrobras with the World 
Bank. Known as a champion of proj-
ects that seek to speed social prog-
ress, the bank is financing the bulk 
of the project’s costs in the belief that 
reducing power thefts by half over 
the life of the project will lead to fast-
er and more equitable economic 
growth and benefit Brazilian  society 
overall.

Paulo Lucena, the Eletrobras exec-
utive who heads the Energia+ pro-
gram, said Brasilia was chosen for the 
MIC’s location because it allows for 
the best  logistical integration of the 
regions where the six Eletrobras dis-
tribution companies are located. “The 

issues of metering irregularities and 
energy theft have never been more 
relevant,” he said.

Big data, smart meters
Important elements of the antitheft 
system are the 120,000 so-called 
smart meters that include Siemens 
technology and that send data via 
digital communications directly to the 
center for analysis. In addition to 
 detecting anomalies in electricity use 
that could indicate power theft, the 
Siemens platform is fully integrated 
with Eletrobras’ billing and manage-
ment systems to ensure reliable ener-
gy billing to their customers. The 

center’s software uses dozens of 
unique algorithms to sift through 
high volumes of “big data” to pin-
point grid anomalies and then send 
alarms back to the six coverage re-
gions that trigger on-site inspections.

“This center should enable us to 
come to the forefront, to bring the 
best technology to the realities in 
which our companies operate,” said 
Luiz Henrique Hamann, Director 
of Eletrobras’ Distribution Division. 
“By using what is most modern on 
the world scene, the Siemens system 
can only mean a brighter future for 
Eletrobras and its customers.”

Scale of thefts
Electricity theft is a general problem 
in Brazil, but Eletrobras loses twice 
as much power to user “irregulari-
ties” than the country’s other power 
companies. Brazil is not all that 
 different from other Latin American 
countries: utilities in Colombia, 
Argentina, and Mexico, for example, 
also suffer comparably high per-
centages of electricity theft. To put 

Smart meter management

“ The issues of 
 metering irreg-
ularities and 
 energy theft  
in Brazil have  
never been 
more relevant.”
Paulo Lucena
Manager of the Advanced  
Metering Center  
at Eletrobras

Paulo Lucena in front 
of the National Congress 
in Brasilia. The city was 
designed and built in the 
1950s as Brazil’s capital.

Brasilia, the capital of Brazil, was 
chosen by Eletrobras to be the 
intelligence metering headquar-
ters because it allows for the best 
integration of the regions that 
the company serves.
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the losses in perspective, Brazil’s 
scale of losses is nearly ten times 
the rate of electricity thefts report-
ed by utilities in the USA or Europe.

Theft is especially rampant in 
Amazonas state capital Manaus, 
a booming industrial city on the 
Amazon River. There, one third of all 
Eletrobras electricity is being stolen. 
The high incidence of energy crimes 
there has made the city a special fo-
cus of Energia+, which installs nearly 
150 smart meters every week.

Why are Eletrobras’ nontechnical 
losses so high? Officials point to sev-
eral factors. Eletrobras’ six distribu-
tion areas are located in the northern, 
northeastern, and Amazon regions, 
which generally are more economi-
cally  disadvantaged than the rest 
of the country and where law enforce-
ment is weakest.

A vicious circle 
Moreover, Eletrobras is caught in 
something of a vicious circle: the com-
pany suffers so much revenue loss as 
a result of power theft that it is short 
of the investment capital it needs to 
modernize, expand its coverage area, 
and better monitor its system. As a 
 result, growth of its customer base in 
some coverage pockets is outpacing 

the utility’s ability to serve it, which 
forces some users to hook up their 
own “gatos,” as illegal connections 
are called.

Lucena said it’s important to point 
out that while “socioeconomic” is-
sues do play a role in energy theft, 
most energy fraud happens in “afflu-
ent sectors” and is perpetrated by 
business customers such as hotels, 
gas stations, bakeries, and shopping 
centers that can afford to pay.

“Contrary to what many might 
think, it is not the economically dis-
advantaged who account for most 
of the losses. It is high-usage clients 
in industrial and commercial sectors 
not affected by socioeconomic issues 
who are more responsible for irreg-
ularities,” Lucena said.

Ratepayer burden 
The high percentage of Eletrobras 
losses to power theft has a number 
of negative consequences, said Dis-
tribution Division Director Hamann. 
First, honest rate payers end up pay-
ing for the thieves since about 40 per-
cent of the revenue losses caused 
by thefts are simply charged back to 
the rate base. Furthermore, regula-
tors force shareholders to absorb the 
remainder of the losses in the form 
of reduced profits.
“It’s not fair, but those who pay end 
up paying for those who don’t,” 
 Hamann said.

Another negative impact is that 
the improvised illegal connections 
are often health hazards and cause 
fires. And since thieves make no  effort 
to conserve electricity, they need-
lessly increase the system’s need for 
more generation capacity. As a re-
sult, power thefts work against social 
goals of preserving the environment 
and reducing carbon emissions.

An additional social consequence 
is that by artificially raising the price 
of energy by shifting an undue pay-
ment burden on honest customers, 
energy theft indirectly discourages 
business expansion or relocation. 
That means fewer jobs are created in 
the local economy, affecting mainly 
the poorest citizens, said Cristophe 
de Gouvello, Director of the World 
Bank’s energy and climate change pro-
grams in Brazil.
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Siemens’ advanced metering solutions

Located in futuristic Brasilia, the new Metering Intelligence 
Center uses advanced algorithms from Siemens to sift 
through high volumes of data to find and flag “irregulari-
ties” among power customers.

Advanced Metering Infrastructure (AMI) is the generic 
name for the “smart grid” solution that Siemens created for 
Energia+, the electricity-theft-fighting initiative formed by 
Eletrobras, Brazil’s largest power utility, in partnership with 
the World Bank. 

The centerpiece of the US$700 million project, encom-
passing Eletrobras’ six coverage areas spread out across 
3,000 square kilometers, is the new Metering Intelligence 
Center (MIC) inaugurated in Brasilia in April. The “big data” 
center can simultaneously and instantaneously process data 
from tens of thousands of meters. Using 40 computer soft-
ware algorithms to check the behavior of customers for elec-
tricity use “irregularities,” the system automatically sends out 
alarms and data to local Eletrobras officials to trigger inspec-
tions and formal investigations.

For Energia+, Siemens created a first-ever hybrid of 
two software platforms. One is a locally developed program 
created specifically to fight electricity theft and improve 

billing efficiency at Eletrobras. The other is a global plat-
form Siemens has developed to provide distribution automa-
tion functions for customers around the world. Considered 
the heart and soul of the company’s “smart grid” technology, 
this distribution automation platform reduces the risk of sys-
tem-wide outages by detecting and isolating local failures 
and automatically compensating with new power feeds. The 
system also integrates low-voltage power sources such as 
solar and wind without the risk of causing a system-wide 
collapse.

In the field, the AMI system’s critical elements are the 
120,000 tamper-proof “smart meters” that, over the course 
of the project, will be installed at customer sites. Just a 
 fraction of total Eletrobras meters, they will monitor 64 per-
cent of all energy consumed by Eletrobras residential, com-
mercial, and industrial customers. The meters are built with 
Siemens engineering and transmit information via radio 
waves and communication modules directly with the MIC, 
eliminating the need for human meter-readers. Installation 
of the meters will take years, but in the Amazonas state 
 coverage area, where the most acute electricity theft prob-
lems occur, about 150 meters per week are being installed.

At the new Eletro-
bras Metering Intel-
ligence Center, the 
monitoring of the 
data from the 
meters is achieved 
through a system 
called EnergyIP by 
Siemens. It allows 
for the integration 
of the company’s 
revenue collection 
system as well.

An Eletrobras investigator in the big city of Manaus in the Amazon region verifies 
the functioning of a new smart meter in a shopping mall.

Meters suspected of having been 
 tampered with are sealed in plastic 
bags and shipped to an independent 
 laboratory for investigation.
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“Power theft is a terrible waste of 
natural resources and deprives com-
panies of the capital they need to ex-
pand and provide better quality of 
service,” said De Gouvello. “On the 
other hand, people who pay their bills 
have access to documents that prove 
their residency, which gives them ac-
cess to social programs such as the 
Bolsa Familia welfare program.”

Regulatory pressure 
Eletrobras long ago reached the lim-
its of its tolerance for energy thieves 
and has known for years it had to act 
on the problem steadily careening out 
of control. After all, systems such as 
Siemens’ intelligent software solution 
EnergyIP MDM helps Eletrobras to 

reduce the operational costs and to 
protect their revenue. Eletrobras also 
felt increasing pressure from regula-
tors, who in recent years have shifted 
an increasing share of revenue loss-
es stemming from theft to sharehold-
ers in a bid to limit the pain for rate 
payers.

But because of the above-men-
tioned vicious circle, Eletrobras 
couldn’t provide the necessary invest-
ment capital on its own to pay for 
a smart grid addition like advanced 
metering. In stepped the World Bank, 
which after recognizing the social 
benefits to be had in the Energia+ 
program, finances US$500 million 
of the US$700 million cost of the tech-
nology provided in part by Siemens.

“ We are invest-
ing in order to 
have an inte-
gral invoicing. 
To be able to 
collect what is 
effectively 
measured.”
Kelliane Vieira
Manager of the Division  
of Energy Measurement and 
Loss Control at Eletrobras 
Amazonas.

Kelliane Vieira, manager  
of the metering division at  

Eletrobras Amazonas,  
with her team on the job.

Brazil

Facts and figures about Eletrobras 
and the Energia+ project

Eletrobras holds stakes in a number of Brazilian electric companies. It thus generates 
about 40% and, transmits 69% of Brazil’s electric supply, and owns six distribution compa-
nies in northern and northeastern regions.

Eletrobras power distribution in 2015

Energia+ project: phases and founding structure

Goal of project

Siemens project scope

Consumer units

6,855,262

World Bank

US$495.0 million

Consumption

29.779 GWh
Market share

8.8% (5º)

Eletrobras

US$214.3 million

Combat nontechnical losses (commercial losses).

In 2014 the Brazilian power distribution grid lost around 11.3% of total energy 
 produced. 4.1% of this amount is due to nontechnical losses. This represents roughly  
US$ 1 billion” revenue lost by distributed system operators.

Eletrobras loses an astounding 22% of all the power it generates to businesses and  
residents who take energy without paying for it.

Amazonas Energia has the highest level of commercial losses in Brazil: 39.2% of total 
energy supplied.

The partners are targeting a 50% reduction in six years. 

Smart meters, meter data management, Advanced Metering Infrastructure, Installation 
services – covering around 120,000 consumer units

Source: Eletrobras Energia+
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Meters talk 
Over the six-year duration of the proj-
ect, the money will finance installa-
tion of at least 120,000  “smart me-
ters,” a new generation of virtually 
tamper-proof measuring devices that 
“talk” or send data directly to the 
MIC in Brasilia.

Meanwhile, the Brazilian govern-
ment has recognized the gravity 
of the power theft problem. Last year, 
the congress passed legislation that 
made power theft a crime and eased 
the way for utilities and local law 
 enforcement to intervene in irregu-
larities with arrest powers. Maximum 
prison sentences for power thieves 
were set at four years.

Fighting on the front lines of 
the struggle against energy theft in 
Manaus, where the problem is most 
acute for Eletrobras, is Kellianne 
Vieira, a 20-year employee who last 
year took on the leadership of the 
Division of Energy Measurement 
and Loss Control in the company’s 
Amazonas region. Every day she 
wages war against an ingenious  array 
of devices and methods that thieves 
use to deceive the power company.

Quick response 
The combination of Energia+ moni-
toring and stronger Brazilian laws to 
hold thieves accountable is already 
having a positive effect in her district. 
Reaction time to irregularities is down 
because Siemens software quickly 
and efficiently analyzes user data at 
the MIC and sends reports to Vieira 
and her team that help them make 

cases. That saves many hours they 
used to spend developing fraud 
charges.

Bolstered by those reports, Vieira 
and her team conduct a number of 
field trips each week to confront cus-
tomers suspected of avoiding pay-
ment altogether or manipulating me-
ters to reduce their bills. She says it’s 
dangerous work, and that at times 
she has been met by “armed persons 
who want to deny us access.” Now, 
police often accompany her on these 
visits to make the point that energy 
theft is a serious crime.

“Most people never admit they are 
stealing, they give excuses, or blame 

it on the previous owner. But we tell 
them that if they are using it, they 
have to pay for it,” Vieira said. “We 
have arrested people and taken them 
to the police station for questioning, 
but so far have not had to send people 
to jail. They pay what they call a fine, 
but which really is no more than what 
they owe us plus interest.”

 “We don’t call it punishment,” Vieira 
said. “We call it energy recovery.”

A former foreign correspondent for the Los 
Angeles Times, Chris Kraul is a freelance 
writer based in Bogotá, Colombia. He special-
izes in science, the environment, and the  
economy.

Supporting the Energia+ program for 
socioeconomic reasons: World Bank  

representative Christophe De Gouvello 
in the garden of his home in Brasilia.

Fighting on the front lines against energy 
theft in the Amazon: Kelliane Vieira.
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Stolen electricity stunts job growth, 
causes safety hazards, and keeps poor 
families from social benefits, said a 
World Bank energy specialist. All were 
reasons for the bank’s underwriting of 
Energia+, a crime-fighting program, in 
partnership with Eletrobras that spans 
the utility’s 3,000 square kilometer 
 coverage area.

It might come as a surprise that 
the World Bank, a champion of social im-
provement causes in developing coun-
tries, is financing the bulk of the US$700 
million investment of Energia+, a project 
of Brazilian utility Eletrobras that aims 
to cut power theft by 50 percent. Cristophe 
de Gouvello, the bank’s Brazil specialist 
in energy and global warming issues, said 
the bank’s participation conforms to its 
practice of financing energy programs 
that can have a direct impact on the 
economy and conservation of natural 
resources.

In an interview in Brasilia, where the 
World Bank’s Brazilian operations are 
based, De Gouvello said electricity theft 
at Eletrobras, amounting to 22 percent 
of all energy generated, has reached such 
proportions that it is unnecessarily rais-
ing Brazilians’ cost of living. Honest rate 
payers end up paying for much of the 

Energy losses’ impact on society  
and the World Bank 

 Scan the QR code to see how Eletrobras  
fights electricity theft in the video “Grand theft 

 electricity Brazil.” The project aims at a 50 percent 
reduction of nontechnical losses in six years.

  siemens.com/magazine/3A0073

electricity that thieves steal. Thievery 
is also costing jobs, because in general, 
raising the cost of electricity can dissuade 
companies from expanding or relocating 
in areas where thefts are rampant.

The World Bank also had health and 
education motives for participating in 
Energia+, which tries to convert power 
thieves into responsible bill-paying citi-
zens. Paying an electricity bill establishes 
the customer’s address and thereby enti-
tles his or her family to social welfare 
programs in Brazil such as Bolsa Familia, 
which pays poor families a minimum 
monthly stipend. They get the money 
only if their children attend school and 
receive vaccinations.

High levels of energy theft also mean 
that Eletrobras and other utilities have 
to build more generation capacity than 
they really need. But power companies 
are under more pressure than ever to be 
efficient with the capacity they have, 
said Fabiano Pompermayer, an energy 
expert at the Brasilia office of the Institute 
for Applied Economic Research. That’s 
because future power plant additions 
will be increasingly difficult as environ-
mentalists’ opposition to new hydropow-
er projects in the Amazon River basin 
intensifies.
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t’s widely known that Bolivia has made 
enormous advances in developing its 
energy resources over the last decade. 

Aggressive investment on its own and with 
 international partners has helped the country 
double its annual production of natural gas 
since 2005 and made us South America’s 
 largest gas exporter. We ship approximately 
45 million cubic meters of gas every day to 
Brazil and Argentina.

Prudent management of the revenue pro-
duced by natural gas sales has led to signifi-
cant social and economic improvements. Per 
capita incomes have more than doubled since 
2005, and the standard of living has risen in 
terms of better health, education, housing, and 
transportation. The poverty rate has been cut 
from 38 percent to 16 percent and international 
reserves have grown to US$15 billion from 
about US$2 billion in 2006. To be sure, we have 
felt the effects of the global decline in hydro-
carbon prices and other commodities. But 
Bolivia’s economy remains one of the most 
 stable and fastest growing in the hemisphere, 
averaging a 5 percent annual expansion over 
the past decade.

Exporting electricity to neighbors
What isn’t so well known are the strides Bolivia 
has made in improving electrification, and its 
self-sufficiency in power generation capacity. 
To do this, we had to dig ourselves out of a deep 
hole left by the privatization of ENDE, Bolivia’s 

I electric power monopoly until the mid-1990s. 
The sell-off was designed to maximize investor 
profit and position Bolivia as an electricity 
 exporter. But at the end of the day, not a single 
energy export project materialized, long-term 
planning disappeared, and whole sections of 
the country were neglected. Because the new 
owners refused to make necessary investments 
– they considered areas as too remote, too un-
profitable, or serving too small a population. 
The national interconnection system (SIN) did 
not expand.

Since renationalizing strategic parts of 
the electric power industry in 2010, Bolivia 
has seen indisputably positive results. We have 
added 1.3 million homes and businesses to 
the SIN national grid. Electricity coverage of 
ru ral areas has increased to 66 percent from 
37 percent and in  urban areas to about 97 per-
cent from 80 percent, and we have nearly dou-
bled peak generation capacity. In 2008, the 
ENDE Andina generation subsidiary, the unit 
that I manage, was founded, and it currently 
injects about 460 megawatts into the SIN. The 
electricity sector’s main challenge of convert-
ing Bolivia into a net exporter of electric power 
over the next decade is being met.

All these advances didn’t happen from one 
day to the next. We first had to put our house 
in order with some painful measures including 
rationing, a result of the lack of investment 
in generation by the private entities who had 
a power monopoly until 2010. All told, since 

Essay

After a decade of increased natural gas exports and raising the standard 
of living of its citizens, Bolivia is embarking on a new development phase. 
The country’s National Development Plan 2025 aims to industrialize its 
economy. This essay, by the general manager of Bolivia’s main power 
utility, is one in a series by experts writing about energy.

Bolivia’s new revolution  
is in electricity

Text: Hugo Villarroel    Illustrations: Grafilu
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2006 we have invested US$7 billion in addition-
al generation capacity, transmission lines, 
substations, and distribution networks to bet-
ter  interconnect all of Bolivia.

Energy for value-added products
Now Bolivia, and specifically the energy sector, 
is embarking on an entirely new evolutionary 
phase: the industrialization of the economy. We 
will be investing in several projects to convert 
us into an exporter of more value-added prod-
ucts, instead of just natural resources. Among 
those value-added products planned is the 
 export of electric power to Brazil, Argentina, 
Paraguay, and probably Peru as a transit coun-
try. Our ambitious plans will require signifi-
cant investment, and our congress recently 
passed laws to provide incentives to foreign 
companies who want to invest in Bolivia to par-
ticipate with us in building a completely new 
energy landscape.

Why these new directions? The history of 
Bolivia since Spanish colonial times has in 
a sense always been tragic, in that we are 
blessed with natural resources but have never 
truly  industrialized. Colonial powers, the gov-
ernments that followed, and the elite private 
interests that dominated them were far more 
interested in shipping out tin, silver, and other 
raw materials than investing in factories and 

human capital. We have decided to leave this 
history behind and invent a new future as 
a value-added exporter.

The electric power sector will play a major 
role in this plan, because one of the key com-
ponents of our future development strategy 
is to realize Bolivia’s huge potential for hydro-
power generation, estimated at as much as 
40,000 megawatts. This development will enable 
us to export all the excess electric power that 
we generate to our neighbors who need energy. 
In fact, Bolivia  aspires to become the electricity 
hub of South America by exporting electricity 
to all countries with which it shares borders.

Currently, hydro accounts for only 500 mega-
watts or roughly 35 percent of the electric power 
that Bolivia generates, but we expect our power 
matrix to grow to 65 percent hydro, or 4,000 
megawatts by 2025.

Binational energy developments  
with Brazil
We have recently signed several contracts to 
build smaller hydro projects that combined 
will easily take us to 1,000 megawatts of hydro 
by 2025. But our larger ambitions are evident 
in various megaprojects with Brazil that are 
in early planning stages: the El Bala hydroelec-
tric complex of around 1,000 megawatts, the 
Cachuela Esperanza of approximately 800 mega-
watts, and the binational project of 3,000 mega-
watts in the Rio Madeira. These projects include 
canals, locks, dams, reservoirs, and electric 
 generation plants.

Over the next decade, Bolivia won’t be ne-
glecting thermoelectric sources of energy. 
In fact, ENDE Andina is expanding and build-
ing several new combined-cycle thermoelectric 
power plants (Entre Rios, Sur, and Warnes) 
with an investment of US$1.2 billion that will 
add 1,000 megawatts to the SIN. These plants 
will be fueled with natural gas, and as com-
bined-cycle plants will be more efficient and 
beneficial to the environment since much of the 
electricity produced will come from cogenera-
tion turbines driven by steam.

To export electricity to Argentina, we are 
working with Siemens on a US$750 million 
project now in its advanced stages to send up 
to 1,000 megawatts of electric power from our 
Southern Thermoelectric Plant in Yaguacua to 
San Juancito in northern Argentina that should 
be operational by 2019–2020. The project is in-
teresting in that we will construct a combined-
cycle cogeneration thermo-electric plant at the 
Yaguacua complex, as well as a 500-kV trans-
mission line to connect it with the Argentinean 
power grid at San Juancito, which is located 
240 miles to the south.

Industrialization at long last
Electricity isn’t the only component of the plan 
to develop more value-added exports and di-
versify Bolivia’s economy. We are in the final 
stages of construction of an US$800 million 
petrochemical complex near Cochabamba that 
will specialize in manufacturing fertilizers 
from urea and ammonia.

A new US$1 billion industrial complex to 
produce lithium is planned for our southwest-
ern desert area in Potosí province to meet 
growing global demand for long-lasting, high-
capacity batteries for autos and smartphones.

Of course, natural gas will remain an impor-
tant export in coming years, and revenue from 

those sales will help us finance the industrial-
ization process we envision over the next decade. 
To encourage foreign companies to continue in-
vesting in Bolivian energy projects, the legisla-
ture this year passed new laws giving incentives 
to increase exploration and drilling by guaran-
teeing the legal security of their investments.

Bolivia finds itself at an interesting point in 
its economic history. In the South American 
context our policies emphasize state participa-
tion, and the electric power sector is no excep-
tion. If Bolivia’s economic results over the last 
decade can be described as positive, I think it’s 
pertinent to recognize the role that the state 
has played in that success.

Hugo Villarroel is General Manager of ENDE Andina, Bolivia’s 
main electric power generation public utility. He earned an un-
dergraduate degree in electromechanical engineering at the 
Machine Construction Institute in Ukraine and a master’s de-
gree in business administration at UPB-USACH in Chile. Prior to 
taking on his current position in 2013, Villarroel was General 
Manager of ENDE starting in 2006. In more than 25 years of 
professional service, he has held a number of management and 
engineering positions that enabled him to lead various projects, 
including seven that extended electrification to Bolivia’s rural 
areas. Villarroel has participated in the design of more than 
300 miles of large-scale transmission and distribution power lines 
as well as supervising the construction of medium- and low-
tension feeder lines. Under his management, the Entre Rios 
(100 megawatts), Sur (160 megawatts) and Warnes (200 mega-
watts) thermoelectric power plants were built. He also par-
ticipated in the construction of a new Viedma hospital in 
Cochabamba as the director of electromechanical works.
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Bolivia’s growth in the last decade

Electricity total final consumption 
(2014)

0.64 Mt = 7.450 TWh

Bolivia’s population 

10,027,254

Production of gas 2015

8.755 TWhTotal

Gross electricity generation (2014)

6.128 TWh

Gas
2.251 TWh

Oil 

0.175 TWh

Hydro

Energy outlook

ca. 12.5 TWh power  

consumption in 2026 and  
14.2 TWh national power 

generation by 2026

CO2 emissions (2013) 

Electricity grid

2015

 2020

 2025

  Peak capacity      Avg. internal demand      Planned electricity exports 

Sources: Plan Eléctrico 2025,  
Government of Bolivia; IHS Energy

Renewables

0.201 TWh

1.924 MW

1.37 MW

3.0 MW

2.0 MW

1.0 MW

3.0 MW

3.0 MW

Natural gas reserves

10.5 trillion cubic feet

18.3 Mt

Gas  
production

15.2 Mt

Gas  
exports

Sources: ENDE Andina, IEA 

6.0 MW

17.31 Mt   
overall fuel combustion 

3.18 Mt   
power sector only
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Siemens aims to lower offshore wind LCoE to below 
€0.08/kWh by 2025 – a further cost reduction of over 
one-third compared to  current costs. This commitment 
underlines the  significant efficiency gains expected in 
offshore wind power generation over the next decade.

Text: Daniel Whitaker

Offshore generation costs  
to drop further

n a major announcement for 
the renewables sector,  Michael 
Hannibal, CEO  Offshore Wind 

Power at the Siemens Wind Power 
and Renewables Division, stated that 
the levelized cost of electricity (LCoE) 
for the company’s offshore genera-
tion would be targeted to decline to 
less than €0.08/kWh for all projects 
by 2025. “The offshore cost-out target 
for 2025 is an important milestone 
for us and the industry to enable off-
shore wind grid parity,” said Hannibal. 
“At the same time, it combines cli-
mate protection and cost efficiency.”

LCoE is a universalized measure 
of electricity generation costs across 
all sources – allowing comparison 
of the cost of obtaining power from 
offshore or onshore wind with power 
generated from coal, gas, solar, or 
nuclear, all on a similar basis. The 
measure includes construction costs 
as well as operating costs and any  
expected costs for maintenance and 
waste disposal. In the case of offshore 
wind, generators are assumed to 
 enjoy a life of only 25 years, though 
they may in fact last longer than this. 
The total costs are then divided by 
t otal expected energy output (in kilo-
watt-hours). LCoE lets citizens, 
 businesses, and policymakers decide 
on future energy supply based on 
what is most efficient for society over 
the long term.

The new €0.08/kWh target builds on 
an existing commitment by Siemens 
to lower this cost to €0.10/kWh for 
offshore wind power by 2020. The 
current cost is just over €0.12/kWh, 
already down from €0.145 in 2014, 
underlining the significant efficiency 
gains expected by Siemens in off-
shore wind power generation over the 
next decade – a further cost reduc-
tion per kilowatt-hour of over 
one-third.

Achieving this continuous effi-
ciency improvement requires concert-
ed action across a number of cost driv-
ers. Some of this activity is al ready 

under way, with results visible or 
 expected soon; other actions are still 
in the planning stage.

Lowest targeted LCoE yet
The cost reduction already under 
way was one of the reasons for a 
joint declaration in June by the ener-
gy ministers of Belgium, Denmark, 
France, Germany, Ireland, the  
Netherlands, Luxembourg, Sweden, 
the United Kingdom, and Norway 
in support of further cost-effective 
deployment of offshore wind in the 
European North Sea. The European 
Commission and the German and 
UK governments all have declining 
cost targets for offshore wind gener-
ation, though none are as low as 
Siemens’ new 2025 target level. 

Falling interest rates provide 
a helpful tailwind, as they reduce 
the cost of capital for offshore invest-
ments. An industry-agreed reduction 
in the weighted annual cost of capi-
tal that should be applied to LCoE 
calculations takes this from 8.3 per-
cent to 7 percent. This is enough to 
reduce the current offshore wind 
LCoE per kilowatt-hour from €0.123 
to €0.109. 

Siemens has already driven down 
costs through initiatives in turbine 
technology, foundations, improved 
operation of service vessels, use of 
remote diagnostics, and better grid 
access solutions. But more is in the 
pipeline.

Improving power ratings  
to bring down the costs
Advances in Siemens’ wind turbines 
have been particularly spectacular, 
with their capacity growing steadily 
from 22 kilowatts to more than 
7 megawatts over 30 years, with ever 
ris ing power ratings and rotor diam-
eters. Now, an 8-megawatt turbine 
is available for installation from ear-
ly 2017, with an additional 10 percent 
annual energy production compared 
to its 7-megawatt predecessor due 

to new magnet technology. Michael 
Hannibal explains that “with the 
 same proven reliability as our suc-
cessful 6- and 7-megawatt models, 
the SWT-8.0-154 will be the new bench-
mark for gearless offshore wind tech-
nology on the market.” Additional 
 reassurance for clients exists in the 
fact that many components of the 
SWT-8.0-154 are the same as those 
used in the tried-and-tested 7-mega-
watt version. In 2014, turbines ac-
counted for 27 percent of the total 
LCoE of offshore wind. 

Demonstrating Siemens’ pan- 
European manufacturing capacity, 
from mid-2017 the SWT-8.0-154’s 
blades will be built and the turbine 
assembled in Hull, England, and the 
nacelle made in Cuxhaven, Germany. 
Digitalization is expected to improve 
production effi ciency significantly 
across both plants, including a uni-
form engineering database for all de-
sign, engineering, and manufactur-
ing. The two factories also permit 
roll on/roll off access for large com-
ponents and a new cost-effective lo-
gistics approach. Each plant also cre-
ates around a thousand skilled jobs.   

Innovative structural design 
and services to save costs, too
The foundations on which the tur-
bines rest, withstanding the rough 
North Sea, are another key area of 
 efficiency improvement. Siemens is 
developing an innovative founda-
tion design that it will be testing 
with four turbines at Nissum Bred-
ning off the Danish coast in 2017. 
This uses “gravity jackets” made 
partly of concrete, with a 5-meter 
 robot-welded steel grid structure. 
Siemens expects that the new design 
should reduce the typical installed 
foundation cost from €6 million 
down to €3.6 million. In 2014, foun-
dations made up  17 percent of the 
LCoE total. 

The new foundation design allows 
better access for components such 
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Michael Hannibal, CEO Offshore 
Wind Power at the Siemens 
Wind Power and Renewables 
 Division:   New benchmark technol-
ogy  will  continue to bring down 
the cost of offshore wind energy.

as transformers and switchgear, 
and service and grid access is anoth-
er  area where cost improvements 
are emerging. The 84-turbine, 
588-mega watt Beatrice project off 
the north coast of Scotland will use 
new, more compact Siemens Off-
shore Transformer Modules  (OTMs), 
which are both more environmental-
ly friendly and which should help 
 reduce AC grid connection costs by 
40 percent. The grid connection is 
a particularly important cost compo-
nent, accounting for 32 percent of 
 total LCoE for offshore wind in 2014. 
Improved servicing also matters – 
operating costs were 24 percent of 
LCoE in the same year. Process im-
provements continue in relation 
to Siemens’ supply chain and instal-
lation. 

Tremendous challenge in  
a competitive environment
The continuous improvements in 
 efficiency (and also quality) are pos-
sible because of Siemens’ extensive 
experience in offshore wind. The 
company has already commis sioned 
13 offshore grid connections, total-
ing 6 gigawatts of capacity.  Another 

three connections, amounting to 
 almost two additional gigawatts of 
capacity are under order. With each 
project, Siemens’  dedicated staff 
 further improve their skills. Much 
of the accumulated knowledge is 
pooled and channeled into further 

innovation at the company’s Renew-
able Energy Engineering Centre in 
Manchester, where its 300 employees 
recently won an award for the OTM 
design.

Siemens knows that its new 
 target of €0.08/kWh represents a 
 tremendous challenge in a highly 
competitive environment. Yet the 
company’s Wind Power and Re-
newables Division also exudes great 
confidence. As CEO Michael Hanni-
bal calmly states: “We are confident 
that we will lower the LCoE to below 
€0.08 per  kilowatt-hour by 2025.” 

“ We are confident 
 that we will lower 
the LCoE to below  
€ 0.08/kWh by 2025.”

Daniel Whitaker is an economist and journal-
ist, who has worked in many countries but is 
currently based in London. He has followed 
the evolving renewable energy sector interna-
tionally over the last ten years. His work has 
appeared in a range of business publications 
with Siemens and also for newspapers such 
as the Financial Times and The Economist.

Grid access

Wind turbines and grid connection for “Beatrice”
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Siemens has received an order for 
the maintenance and upkeep of the 
Offshore Substation (OSS) and tur-
bine substructures of the Veja Mate 
offshore project. The company will 
install sixty-seven 6-megawatt class 
turbines for the 400-megawatt wind 
power plant and connect it to land 
with the BorWin2 DC grid connection. 
 Earlier Siemens had received the 
 service order for the wind turbines. 

Offshore wind

Complete service concept for  
the Veja Mate offshore project

It will now also be responsible for 
the scheduled maintenance and 
 upkeep of the OSS, the turbine transi-
tion pieces as well as inspection of 
their underwater substructures. For 
Veja Mate the company will imple-
ment a complete service concept. 
The maintenance agreement has 
a term of five years and will begin 
with commissioning scheduled 
for mid-2017.

Power generation 

Investment in the Iranian power supply system
This picture shows 
the SGT5-4000F gas 
turbine from Siemens 
during shipment for 
the Bandar Abbas 
power plant in Iran.

Siemens has shipped the first F-class 
gas turbine for the Bandar Abbas 
project to Iran. This is the first stage 
of the bilateral contract covering the 
transfer of know-how for F-class gas 
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Siemens has received a further order for an offshore 
wind power plant from Scotland. The company is to sup-
ply, install, and commission 84 wind turbines, each with 
a 154-meter rotor diameter designed to generate 7 mega-
watts of power, for the “Beatrice” project. Furthermore, 
the scope of supply comprises the offshore grid connec-
tion to the mainland in consortium with  Nexans, who 
will supply the connecting export cables. Siemens will 
deliver the onshore and offshore substations consisting 
of two Offshore Transformer Modules that are smaller 
in weight and size, thus saving costs. Siemens will also 
be responsible for service and maintenance for the wind 
turbines within the framework of a long-term service 
contract extending over a  period of 15 years, including 
remote monitoring and diagnostics. The substation of 
the grid access represents an important lever for reach-
ing the company’s goal of  reducing the costs of wind 
power generated offshore to below €0.10 per kilowatt-
hour by 2020.

The new Offshore Transformer Module is built into  
standard-sized containers, a modular method  of assembly  
that cuts out an  enormous amount of cost.

In short

Offshore wind

turbine technology between Siemens 
and MAPNA, Iran’s largest power 
plant EPC contractor. As part of the 
Bandar Abbas gas-fired power plant, 
the turbine will help to cover the 

country’s continuously rising de-
mand for electricity, which grows by 
approximately five percent each year.
The power plant will have an electri-
cal capacity of around 600 mega-
watts, which is sufficient to supply 
electricity to 150,000 Iranian homes. 
Iran wants to increase its generation 
capacities from some 74 gigawatts 
today to a total of 100 gigawatts over 
the coming five years. Siemens con-
cluded an agreement with MAPNA to 
collaborate on the transfer of know-
how for the F-class gas turbine tech-
nology to modernize the Iranian 
power supply system. The agreement 
includes a license for manufacturing 
F-class gas turbines in Iran. A total 
of more than 20 gas turbines as well 
as the associated generators are 
scheduled to be delivered over the 
next four to five years.
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In short

Siemens has launched an extended portfolio of its suc-
cessful onshore direct-drive wind turbines. At the Wind-
Energy Hamburg trade show, the company’s Onshore 
CEO Thomas Richterich launched three new turbine 
models for optimum performance at low wind, medium 
wind, and noise-sensitive sites. Thanks to a modular 
platform concept, all three machines share the same na-
celle design. Different controller settings and rotor di-
ameters allow the new turbines to adapt to specific wind 
and site conditions. 

  siemens.com/magazine/2w2001 

Onshore wind

Three new wind turbines 
based on one platform 

Nissum Bredning Vindmøllelaug and Jysk 
Energi placed the winning bid for the Nis-
sum Bredning Vind offshore wind power 
plant following a tender from Danish Ener-
gy Agency’s for the construction of the 
28-megawatt pilot project in northern Den-
mark. The final investment decision has 
been made for the project, which includes 
important tests for future offshore wind 
technology: Siemens will supply four of its 
new 7-megawatt direct-drive wind turbines 
(SWT-7.0-154), including an innovative and 
cost-efficient gravity jacket foundation 
 solution, allowing the construction of jacket 
foundations at lower costs than monopiles.

Offshore wind

Innovative  
foundation concept

Siemens has manufactured and tested the largest geared compres-
sor rotor in the world at its facility in Duisburg, Germany. The first-
stage impeller with a diameter of 1.8 meters is the largest installed 
on an integrally geared compressor rotor. The STC-GV compressor 
rotor is part of an order placed last year by UK-based Air Products 
PLC. The order comprises 19 STC-GV integrally geared compressors 
for the air separation unit of the Jazan integrated gasification com-
bined cycle power plant in Saudi Arabia. The first compressor units 
have been successfully tested at the Siemens Mega Test Center in 
Duisburg. These compressors are now on their way to the site for 
commissioning and erection due to start in mid-2018.

Oil and Gas

Largest geared compressor  
rotor in the world

Main air compressor type STC-GV.

Gravity jacket concept for cost-efficient foundations.
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The Trans Adriatic Pipeline (TAP) will open up the so-called 
Southern Gas Corridor for Europe. Siemens has won an order 
from the TAP consortium for six 15-megawatt SGT-400-driven 
turbo compressor trains. Installation is scheduled for 2017, 
and the pipeline is expected to begin operating in late 2019. 
The pipelines in the Southern Gas Corridor will transport 
natural gas from the Shah Deniz II field in Azerbaijan in the 
Caspian Sea to Europe. TAP represents the missing link that 
will enable this natural gas resource to be exploited. The 
878-kilometer-long Trans Adriatic Pipeline will connect with 
the Trans Anatolian Pipeline at the Turkish-Greek border at 
Kipoi, crossing Greece, Albania, and the Adriatic Sea to come 
ashore in southern Italy. The landfall in Italy provides multiple 
opportunities to transport the natural gas to large European 
markets such as Germany, France, and the UK. 

Gas pipelines

Compressor trains for 
Trans Adriatic Pipeline

In short
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Caspian natural gas will be transported to Europe via the Southern Gas Corridor.

Black Sea Caspian  
SeaAlbania

Greece

Turkey

Italy

Power transmission

The world’s first 
1,100-kV HVDC 
transformers
Together with local partners Siemens will deliver 
the world’s first 1,100-kilovolt converter transform-
ers for the world’s largest and first high-voltage 
 direct-current (HVDC) transmission link, which has 
a transmission voltage of 1,100 kilovolts DC. They 
are also the most powerful converter transformers 
in the world, with a capacity of 587.1 megavoltam-
peres. The planned HVDC transmission link between 
Changji and Guquan is 3,284 kilometers long, has 
a transmission capacity of 12 gigawatts, and will be 
operated by the transmission grid operator State 
Grid Corporation of China.

The world’s first 1,100-kilovolt converter transformer.
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Resistance 
heater

Heat storage unit

Steam turbine

Ventilator
Ventilator

Boiler

Condenser

Cooling liquid

CHARGING CIRCUIT

DISCHARGING CIRCUIT

Spotlight

The engineers of the Energy Storage Program at Siemens are researching 
energy storage solutions, which are crucial to stabilizing the supply with 
 volatile renewable energy. With the high-temperature heat storage unit, they 
have achieved an important breakthrough. It contains suitable stones that 
are heated to temperatures of over 600 degrees Celsius using a flow of hot air. 
When required, blowing cold air through the storage system allows the heat 
to be transferred to a boiler and converted back into electricity by way of 
a turbine. This environmentally friendly technology relies on the tried-and-
tested steam power process.

During days with high winds or a lot of sun, this procedure allows excess 
electricity to be stored with the goal of continuously generating electricity 
for two to three days during energy shortages. Within the framework of the 
joint Future Energy Solution (FES) research project, sponsored by the Federal 
Ministry for Economic Affairs and Energy, Siemens, in cooperation with en-
ergy provider Hamburg Energie and the Hamburg University of Technology, 
is constructing a model and testing system for the innovative technology.

Development engineer Till Barmeier 
holds a PhD in mathematics and 
is in charge of the Energy Storage 
Program at Siemens Wind Power. 
For the past three years, he and his 
team of up to ten specialists have 
been carrying out basic research on 
energy storage solutions.

Storage is central to making the energy transition work: The thermal storage unit is designed 
to provide energy for shortages of up to two or three days. 

Hot stones store  
renewable energy

Read the extended article online
  siemens.com/magazine/3W0163 Ph
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Cybersecurity for 
European grids
EDP Distribuição’s Aurélio 
 Blanquet, Chairman of EE-ISAC, 
on safeguarding the European 
energy infrastructure.  

  siemens.com/
magazine/3w0161

LNG products  
and solutions
Discover a wide-ranging  
port folio for on- and offshore 
applications – subsea as well  
as above the waves.

  siemens.com/
magazine/3w0181

Highlights 2016

These articles are  
only available in our  
online magazine:

  siemens.com/magazine

Trade shows and conferences

Committed to the circular economy
Record-breaking yachtswoman Ellen MacArthur advocates a new 
regenerative economy, powered by renewable energy. Read the 
whole story here:

  siemens.com/magazine/3w0181

Dec

Jan

Feb

Apr

Mar

May

Jun

13 – 15 | POWER-GEN International 
Orlando, Florida, USA

16 – 19 | World Future Energy Summit 
Abu Dhabi, United Arab Emirates

17 – 20 | World Economic Forum Annual Meeting  
Davos, Switzerland

24 – 26 | 24. Handelsblatt Jahrestagung  
Energiewirtschaft  
Berlin, Germany

30 – 01 | Petroleum Conference – Iran 
Tehran, Iran

31 – 02 | DistribuTECH 
San Diego, California, USA

07 – 09 | E-World Energy & Water 
Essen, Germany

06 – 10 | CERAWeek 
Houston, USA

14 – 16 | Energy Storage Europe  
Düsseldorf, Germany

20–22 | The 17th China International Petroleum & 
Petrochemical Technology and Equipment  
Exhibition  
Beijing, China

04 – 07 | Gastech Conference & Exhibition 
Tokyo, Japan

24 – 28 | Hannover Messe 
Hannover, Germany

01 – 04 | Offshore Technology Conference
Houston, USA

09 – 11 | WAB Offshore Conference 
Bremerhaven, Germany

22– 25 | AWEA Windpower 
Anaheim, California, USA

31 – 02 | Intersolar Europe 
Munich, Germany

06– 08 | Offshore Wind Energy 
London, United Kingdom

06 – 08 | Offshore West Africa 
Lagos, Nigeria

12 – 15 | CIRED 
Glasgow, Scotland

20 – 22 | POWER-GEN Europe 
Cologne, Germany

27 – 29 | Turbomachinery Technical 
Conference & Exposition 
Charlotte, NC, USA

27– 30 | 14th Moscow International Oil & Gas  
Exhibition 
Moscow, Russia
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