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Energy

The focus of issue 04/2014 of  
IEC e-tech is on energy generation. 
For more than a century now, 
the IEC has led the way in 
electrotechnical standardization, 
and power generation has 
always played a major role in the 
Commission’s work. Hydro and 
traditional thermal power sources 
such as coal, gas, and oil were 
first on the IEC work programme; 
nuclear came next, followed in 
past two decades by renewable 
energy from sun, wind and water.

4 Steam turbines, introduced in the late 19th century, have been in demand ever since for electricity generation, marine propulsion and in 
industry 9 Geothermal energy, or heat from the Earth, is an abundant form of renewable energy that can be used in small or large scale 
applications 18 Marine energy is emerging as a huge source of renewable energy but depends on disparate kinds of energies, all of which 
require different technologies for their full exploitation 22 Many countries throughout the world still rely heavily on fossil fuels. IECEx helps 
minimize risks in these hazardous environments 26 IEC Standardization Strategy Manager Jack Sheldon spoke to e-tech about IEC Smart 
Cities work 30 IEC Young Professionals 2014 workshop registration is open until end July
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The focus of issue 04/2014 of IEC e-tech is on energy generation.

A pioneer and a leader in electrotechnical standardization
For more than a century now, the IEC has led the way in electrotechnical standardization, 
and power generation has always played a major role in the Commission’s work. Hydro 
and traditional thermal power sources such as coal, gas, and oil were first on the IEC 
work programme; nuclear came next, followed in the past two decades by renewable 
energy from sun, wind and water.

Renewable developments
Issue 04/2014 takes a closer look at recent developments in renewables, from ocean and 
tidal energy converters to CSP (Concentrated Solar Power) and CHP (Combined Heat and 
Power) technologies, and provides an update on IEC TC (Technical Committee) work in 
those fields.

Safety, reliability and performance
This issue also highlights the major role played by the three IEC CA (Conformity 
Assessment) Systems in testing and certifying devices and pieces of equipment used in 
the generation, transmission and distribution of electricity. The importance of IECEx in 
the protection of workers and equipment from explosions on fossil fuel extraction sites, 
the longstanding involvement of IECEE in the testing and certification of electrical and 
electronic equipment, and the need for IECQ certification in today’s smart world are some 
of the topics addressed this month.

International event in China
And last but not least, e-tech talked to Jack Sheldon, who was one of the IEC 
representatives at the Forum of Smart City International Standardization, organized by 
SAC (Standardization Administration of China) in Guilin, Guangxi, China.

Energy at the core of IEC activities
Longstanding and leading involvement in electrotechnical 
standardization

Claire Marchand
Managing Editor e-tech

The marine energy sector is expected to grow 
over the next decades

Energy generation, transmission and distribution 
are at the core of IEC standardization activities

EDITORIAL
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Full steam ahead!
With global demand for electricity exploding, steam turbines have a hot future ahead

Morand Fachot

Steam turbines, first introduced 
in the late 19th century, have been 
greatly in demand ever since for 
electricity generation, marine 
propulsion and in industry. They 
are responsible for producing 
some 80% of the world’s 
electricity, from fossil and nuclear 
fuels as well as from certain 
renewable sources, and are likely 
to continue generating most of it 
in the foreseeable future.

Well-established technology
Steam turbines, which use heat 
derived from burning fossil fuels (coal 
or oil), from nuclear reactors and 
from biomass and other renewable 
sources to drive generators, were first 
introduced in the 1890s.

Developed from an initial 1884 design 
by British engineer Charles Parsons, 
steam (and hydraulic) turbines rapidly 
became the main source of electricity 
generation. Steam turbine generator 
technology has evolved considerably 
over the years and the flexibility of 
steam turbines enables them to be 
used for a wide range of applications, 
operating in combination with 
different energy sources and other 
systems to improve their overall 
efficiency.

Flexible / multiple applications
Most of the electricity produced in the 
world today is generated by steam 
turbines. Their capacity can range from 
50 kW to several hundreds of MWs for 
large power plants. Unlike gas turbines, 
in which heat is a by-product of power 
generation, steam turbines generate 
electricity from a derivative of heat 
(steam).

This enables them to operate with a 
wide range of fuels including fossil 
fuels, biomass and nuclear energy, 
and in a variety of installations not 
necessarily primarily designed for 
electricity generation. These may 
include CHP (combined heat power) 
systems, in which steam is extracted 
from the turbine and is used for 
heating entire districts or is converted 
to other forms of thermal energy 
including hot or chilled water, as 
well as in industrial installations like 
refineries, chemical plants or pulp 
and paper mills. In the last category, 
inexpensive fuels such as residual 
refinery oils, wood chips, hog fuel 
(a mix of coarse chips of bark and 
wood fibre) and other by-product fuels 
are burnt to power steam turbines, 
maximizing energy use and reducing 
the quantity of waste products.

From natural forces…
Steam turbines are found throughout 
the energy generation chain, including 
in the harnessing of renewable energies 
where natural heat from the earth and 
the sun is converted in geothermal 
power plants and in CSP (concentrated 
solar power) installations.

Steam turbines make possible 
the generation of electricity from 
geothermal sources (see article on 

geothermal power in this e-tech). 
When superheated (i.e. from 240°C 
– 300°C) dry steam is present, it can
be used directly in steam turbines to
produce electricity. However, when
only hot water rather than dry steam
is available, excess water must be
removed from steam in flash plants or
steam must be produced using a heat
exchanger (see article on geothermal
energy in this e-tech for details). Using
superheated steam from the earth
directly in steam turbines presents a
number of challenges as solid particles
and corrosive chemicals are likely to
be present, leading to the possible
early deterioration and corrosion of
turbine blades, and requiring specially
designed turbines.

Steam turbine technology aligns with 
electricity production using the three 
most common CSP technologies: 
parabolic trough, solar power tower 
and linear Fresnel systems (see article 
on CSP in this e-tech for details). 
In parabolic trough plants, a heat 
transfer fluid (e.g. synthetic thermal oil 
or molten salt) is heated by focused 
sunlight and is pumped through heat 
exchangers to produce steam. In the 
other installations, focused sunlight is 
used to boil water directly, producing 
steam which is fed into steam turbines 
to generate electricity.

Cutaway of Siemens SST-500 GEO steam 
turbine for geothermal power plants (Photo: 
Siemens)

Alstom Arabelle steam turbine for nuclear 
power plant (Photo: Alstom)
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…or fossil fuels and nuclear 
sources
Most of the electricity generated by 
steam turbines comes from heat 
resulting from the combustion of fossil 
fuels, such as coal and oil, or from 
nuclear reactors. This will remain the 
case for decades; the challenge will 
be to achieve cleaner, more efficient 
power generation from fossil fuels.
 
According to the IEA (International 
Energy Agency) world electricity 
demand will increase by more than 
two-thirds from 2011 to 2035. Coal’s 
share of electricity production, which 
currently stands at 41%, will fall to 
33% and nuclear energy will make up 
between 12% and 18%, depending 
on how the various IEA scenarios set 
out evolve. However, when taking 
into account the growing importance 
of renewables such as geothermal 
and CSP, that are also used to power 
steam turbines, it is clear that these will 
continue to provide most of the world’s 
electricity.
 
Steam turbines installed in nuclear 
power plants present other 
characteristics and are of a different 
design to those powered by fossil fuels, 
but their operating principle is similar.

Improving efficiency
Steam turbine manufacturers 
produce models that can be used 
with different types of fuels and in 
different applications, with some 
modifications. For instance, leading 
producers of steam turbines offer 
machines derived from their families 
of thermal power plant steam turbines 
for use in CSP and geothermal power 
installations, following modifications to 
optimize their operation under different 
conditions and with alternative heat 
sources.
 
Increasing the efficiency of gas-
powered thermal power plants is 
possible using CCP (combined cycle 
package) configurations, where one or 

more steam turbine(s) is (are) installed 
to use residual heat (exhaust) from a 
gas turbine.
 
Gas turbine packages have thermal 
efficiency ratings of 35%-40% on 
their own. However, if used in CCP 
configuration the additional steam 
turbine(s) can raise the overall thermal 
efficiency rating to over 60%.
 
Likewise, in power plants using steam 
turbines, the residual heat from high-
pressure turbines can be used in lower 
pressure turbines to increase thermal 
efficiency.

Huge global market
According to a December 2013 
GlobalData report, “Steam Turbines 
in Thermal Power, 2013”, the global 
market for steam turbines, which 
benefits from the expansion of 
electricity demand, new installations 
and retrofitting of older ones, and was 
worth USD 14,1 billion in 2013, is set 
to grow at a 4,3% CAGR (compound 
annual growth rate) to reach  
USD 19 billion by 2020.
 
In its turn, the global steam turbine 
MRO (maintenance, repair and 
overhaul) services market is forecast to 
nearly double in size between 2012 and 
2017, growing at a 9,6% CAGR to reach 
USD 35,4 billion.

International Standards matter
Steam turbines have been installed for 
over a century, the technology is mature 
and International Standards prepared 
by TC (Technical Committee) 5: Steam 
turbines, have contributed to the 
expansion of the sector.
 
These Standards concern specifications, 
as well as acceptance tests related to the 
accuracy of various types and sizes of 
turbines and of speed-control systems. 
Standards for thermal verification tests 
of retrofitted steam turbines are also 
important since “today the market in 
retrofitting older existing machines or 
components is comparable to that of the 
new machines of any size”, according to 
TC 5 data.
 
TC 5 has also published a Technical 
Specification for steam purity, a highly 
important factor in minimizing the risk 
of turbine failure due to corrosion or 
loss of efficiency or output. However, 
this specification does not apply to 
“geothermal plants in which the turbine is 
fed direct from the geothermal sources”, 
as steam from these sources may contain 
naturally occurring solid particles and 
corrosive chemicals.
 
Manufacturers have highlighted 
the importance of IEC International 
Standards for steam turbines in their 
documents, stressing in particular that 
their test results “met or exceeded 
requirements set by IEC Standards”.

TECHNOLOGY FOCUS

High-efficiency combined cycle D-17 GE steam turbine (Photo: General Electric)
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David Appleyard

CSP (Concentrating solar thermal 
power) has long been viewed 
favourably by the wholesale 
energy sector. Now, advances in 
technology – including the vital 
thermal storage capacity that 
enables solar variability to be 
decoupled from a plant’s output 
– have succeeded in converting 
that sentiment into reality as a 
series of major new projects are 
commissioned. However, there 
is still some ground to cover 
before the technology achieves 
its potential. One crucial area 
is the development of industry 
International Standards.

Not that recent
Some 150 years after the French 
mathematician Augustin Mouchot 
demonstrated steam generation from 
concentrating solar energy, the use 
of solar energy steam generators 
connected to fairly standard conventional 
power islands – a steam turbine and 
generator – is a technology that is now 
becoming increasingly popular.
 
Indeed, while the various designs 
of solar collector may present some 
novelties, CSP installations share many 
common traits with their fossil-fired 
cousins. It is perhaps for this reason 
that CSP has attracted the interest 
not only of utility companies keen to 
expand their renewable portfolios, 
but also of original equipment 
manufacturers which have traditionally 
supplied the utility market.

Many technologies, but one aim: 
heat
CSP comprises a range of technologies 
that are used to collect and 

concentrate sunlight, turning it in to 
medium to high temperature heat. This 
heat may then be used to generate 
electricity in a conventional way using 
a steam turbine or a Stirling engine, or 
used in other applications, for example 
supplying process heat. With the 
exception of dish-Stirling systems in 
CSP power plants, the solar energy is 
typically absorbed by a heat transfer 
fluid, such as oil or molten salts, 
which is then passed through a heat 
exchanger and its associated steam 
circuit.
 
The mirror systems used in CSP plants 
are either linear or point-focusing 
systems. Linear systems typically 
concentrate the solar radiation by 
about one hundred times and achieve 
working temperatures of up to 550°C. 
Point systems can achieve far higher 
concentrations, more than a thousand 
times, and consequently can reach far 
higher temperatures, with 1 000°C or 
more possible.
 
There are four main types of 
commercial CSP technologies in 

operation today. Linear systems 
include Fresnel lensing and the far 
more common parabolic trough types. 
Point concentrating systems include 
parabolic dish-type systems, typically 
used with a Stirling engine, or the more 
common central or tower receiver 
systems.

Global potential
Regions with a relatively high level of 
annual insolation, such as southern 
Europe, the south western USA, 
the Middle East and North Africa, 
India, China and South Africa, for 
example, are prime locations for the 
development of CSP.
 
The world’s first commercial CSP 
facility, the PS10 development by 
Abengoa Solar, which uses a central 
tower receiver, is located near Seville in 
Spain and was commissioned in 2007. 
PS10 produces saturated steam, has a 
peak output of some 11 MW and is one 
of a series of CSP developments in the 
region that are expected to generate 
around 300 MW once completed.

Thermal solar moves into the mainstream
The construction of thermal solar power plants introduces a new source of energy

Ivanpah solar electric generating station - a tower receiving system (Photo: NREL)
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Rapid developments
Giving an indication of how far the 
technology has progressed in just a few 
short years, in March 2013 the world’s 
largest CSP project, Shams 1 in Abu 
Dhabi in the United Arab Emirates, was 
commissioned with a capacity of 100 MW. 
Shams 1 is a parabolic trough-type 
installation which was developed by 
Masdar, the state-owned renewable 
energy company, together with partners 
Total SA and Abengoa.
 
The project cost USD 600 million and 
took three years to build, featuring more 
than 258 000 mirrors mounted on 768 
tracking collectors. Shams 1 features 
an additional gas-fired booster that 
heats the steam further, dramatically 
increasing the efficiency of the thermal 
cycle. The project also includes a dry-
cooling system that significantly reduces 
water consumption.
 
Shams has already been eclipsed by a 
US project, which began full commercial 
operations in February 2014, high in 
California’s Mojave Desert. Supplying 
a peak of some 392 MW of additional 
renewable energy capacity to the grid, 
the Ivanpah project, a joint project 
by NRG Energy Inc., Google and 
BrightSource Energy, comprises three 
central receiver type units with a trio of 
140-metre high towers absorbing the 
radiation reflected from the surrounding 
solar field of 173 500 heliostats. 
Ivanpah accounts for nearly 30% 
of all solar thermal energy currently 

operational in the US. Developing and 
commissioning the project required 
some USD 2,2 billion of investment.
 
Commenting on the project, Tom Doyle, 
president of NRG Solar said: “We see 
Ivanpah changing the energy landscape 
by proving that utility-scale solar is not 
only possible, but incredibly beneficial 
to both the economy and in how we 
produce and consume energy”.
 
The largest parabolic trough CSP plant 
currently operating is the 280 MW Solana 
installation in Arizona. Featuring molten 
salt energy storage it can operate for  
6 hours without any sunshine, boosting 
plant capacity to 41%.

Thermal storage makes all the 
difference
One of the most significant advantages 
CSP has over other solar energy 
technologies is its ability to partially 
decouple plant output from solar 
insolation using energy storage. Unlike 
electrical energy, thermal energy is 
relatively easy to store and a range of 
solutions have been explored to improve 
the efficiency and energy density of 
storage media. These technologies use 
a secondary material or fluid – such as 
water, steam, concrete, graphite, molten 
salts or phase change materials – which 
absorb the collected heat energy before 
reversing the process when required 
and transferring it back to the working 
fluid.
 
Commercial-scale projects have 
advanced this technology sufficiently 
to be able to generate electricity 
throughout the hours of darkness, 
when using sufficient heat storage 
capacity. Two commercial storage 
technologies are currently in use: 
steam storage in pressurised vessels 
and molten salt storage using insulated 
tanks. For example, Torresol Energy’s 
20 MW Gemasolar project was the 
world’s first commercial-scale plant to 
use a central tower receiver and molten 
salt heat storage. The storage capacity 

enabled the plant to operate for some 
15 hours without any solar input.
 
Needless to say, since the Gemasolar 
project was commissioned, storage 
technologies have also progressed, 
a point emphasised by Elisa Prieto, 
director of strategy of Abengoa Solar 
and an Expert with IEC TC (Technical 
Committee) 117: Solar thermal 
electric plants. Abengoa is a leading 
developer of CSP installations, covering 
both parabolic and central receiver 
technology.

24/7 capability
Prieto refers to a new CSP project 
planned for the Minera El Tesoro 
copper mine in Chile’s Atacama Desert 
which will be operating 24 hours a day, 
seven days a week. “It’s a plant with 
17 hours of storage which will allow the 
plant to operate around the clock with 
a really high capacity factor, close to 
90%,” says Prieto.
 
In October 2013 Abengoa Solar was 
awarded a contract under a South 
African government tender for the Xina 
One plant, a 100 MW parabolic trough 
type project with 5 hours of storage 
capacity.
 
Prieto emphases this fundamental 
difference between CSP and PV 
(photovoltaic) solar systems, saying: 
“The key to these technologies is that 
everyone understands that they’re 
different products. PV is a cheap 
way to get electricity but it is also an 
intermittent source of energy. There is 
another part of the mix that you need 
which is the part that gives you security 
of supply.”
 
The ability to supply dispatchable 
power is what sets CSP apart, explains 
Prieto.
 
Stavros Tassos, Solar Energy Team 
Leader at engineering consultancy firm 
Mott MacDonald, also highlights these 
distinctive properties of CSP, saying: 

CSP dish Stirling system
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“The integration of thermal energy 
storage to CSP, coupled with CSP’s 
adaptability to a range of capacities, 
is one of the technology’s main 
differentiators. It is one that pushes 
the sector forward as utilities and 
grid operators would favour the more 
dispatchable and flexible renewable 
energy plant. Developers can use 
the resource/generation decoupling 
capabilities that storage affords to 
maximise revenue generation where time 
of day tariffs exist. National incentive 
programmes for CSP are increasingly 
asking for storage to be included, 
pushing the industry towards integrating 
and optimising storage design”.
 
In addition, Tassos stresses “CSP’s 
potential for hybridization through 
integration with existing fossil-fuelled 
power plants. Integrated solar 
combined cycle or solar augmentation 
in coal-fired plants is currently an area 
being looked at very closely by utilities 
and likely to further fuel the CSP 
industry in the near future”.

Advancing CSP technology
Tassos argues that CSP is still a sector 
where innovation is prominent. “We 
regularly see important incremental 
innovations across virtually all 
technological areas of the solar field 
as well as with processes. These have 
the effect of progressively reducing 
losses and improving efficiencies and 
availability, ultimately achieving cost 
reductions or LCOE (levelized cost of 
energy) improvements, which is the 
main focus in the CSP industry at the 
moment,” he says.
 
Indeed, Prieto acknowledges that 
CSP is still a relatively new technology 
with limited operational experience in 
comparison with some other renewable 
energy technologies, saying: “Right 
now we have more experience in 
operations than anyone else, and that’s 
good, but we still need to learn a lot 
and I’m sure that we can improve a lot. 
We’re going to see how these plants 

become old and how to improve the 
strategy of operations for every stage 
of the life of the plant”.
 
She continues: “The challenge is to 
keep advancing technology so that we 
are able to reduce the costs more and 
more. Our ambition is that by 2020 
we’ll be competitive with combined 
cycle steam, taking into account 
the cost of their CO2 emissions. In 
terms of technology, we’re investing 
a lot improving our storage, because 
storage is central to dispatchability”.
 
Among a number of important 
technology challenges, Tassos 
identifies developing higher 
temperature thermal storage systems 
and improving molten salt mixtures 
to have a lower freezing point 
(while maintaining stability at higher 
temperatures), hence reducing energy 
costs for maintaining temperature when 
the systems are not operating.
 
Tassos also highlights key technology 
trends, including highly-efficient 
superheated to supercritical steam 
plants, alternative heat transfer fluids 
and larger apertures in parabolic 
trough and Fresnel collectors.

Developing industry International 
Standards
Another major trend identified by both 
Tassos and Prieto is the burgeoning 
development of industry Standards for 
the emergent CSP sector.
 
As Tassos points out, CSP is in 
the relatively early stages of global 
development and industry Standards 
could provide a foundation upon 
which to develop new technologies 
and enhance existing practices. “This 
could also provide additional comfort 
to potential investors and lenders, 
reducing barriers to bankability and 
subsequently accelerating market 
penetration”, he says. Tassos 
continues: “As Standards generally 
reflect the best experience of the 

industry, they constitute an important 
basis for improving the credibility 
of new products, assisting in the 
development and implementation of 
novel technical solutions”.
 
He argues that the main effort in 
the early stages of standardization 
should be placed on elements such 
as terminology, optical and thermal 
characterization of new collectors, 
performance testing and modelling and 
environmental and safety requirements.
 
For example, among other activities,  
IEC TC 117 is currently running three  
ad hoc groups related to CSP Standards 
development, considering themes 
such as systems and components and 
energy storage. As for IEC TC 120: 
Electrical Energy Storage (EES) 
Systems, it includes thermal storage in 
its scope, but “only from the electricity 
exchange point of view”.
 
Prieto also flags up the advantages of 
developing a comprehensive system 
of Standards, saying: “In a very global 
world, where tenders are international, 
those people who are organizing tenders 
– they’re usually governments – need to 
be sure that the requirements they are 
asking for are met and the only way they 
can do that is through Standards”.
 
She concludes: “CSP is a very 
promising industry; we have a huge 
market ahead. We need to make an 
effort and the effort should be based 
on technology, so we should keep 
diminishing costs thanks to technology 
– and Standards will help a lot.”

Parabolic trough solar collectors at Kramer 
Junction in the Mojave desert in California, 
USA (Photo: Desertec-UK)
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Morand Fachot

Geothermal energy, or heat from 
the Earth, is an abundant form 
of renewable energy that can 
be used in small or large scale 
applications. Its exploitation is 
expanding rapidly throughout 
the world, proving particularly 
attractive for countries without 
easy or affordable access to other 
forms of energy. A number of 
IEC TCs (Technical Committees) 
prepare International Standards 
for components or systems central 
to the development of geothermal 
energy.

The heat is on – everywhere…
Geysers are the most visible and best 
known naturally occurring form of 
geothermal energy. These are holes 
in the ground from which columns 
of water heated underground to 
above boiling point by the earth’s 
heat are ejected violently out of the 
earth’s surface, together with steam. 
Much of the hot water is trapped in 
permeable and porous rocks under a 

layer of impermeable rock, so forming 
geothermal reservoirs.
 
Although these well-known 
phenomena can be observed in a few 
places of volcanic activity, such as 
Iceland (from where the name geyser 
originates) or in the Yellowstone 
National Park in the US, geothermal 
energy is present everywhere. 
Its potential is being harnessed 
increasingly in a growing number 
of countries for a wide range of 
applications, from heating buildings to 
producing electricity in power plants, 
and in CHP (combined heat and 
power) cogeneration.

…from the surface…
Geothermal energy, in the form of 
heat, has been used in different 
civilizations and regions since ancient 
times. As one example, the Romans 
tapped geothermal energy found near 
the earth’s surface to heat buildings 
and baths. This direct use of low and 
moderate temperature heat (in the 
range of below 90°C to 150°C) is 

found in applications such as space 
and district heating, agriculture, 
aquaculture, hot spring bathing and 
spas or greenhouses.
 
Indirect use of geothermal energy for 
heating and cooling of buildings is 
widespread. It does not necessarily 
require hot sources but often relies on 
the constant temperatures found close 
to the surface. During the cold season, 
heat from the ground is absorbed by 
fluids circulating in underground pipes 
and is extracted using heat pumps. 
The process can be reversed in the 
summer to help with cooling: heat is 
transferred back into the ground, using 
it as a heat sink.
 
Geothermal heat pump systems are 
highly efficient and outperform other 
forms of heating and cooling that rely 
on fossil fuels or electricity. Although 
using geothermal energy for heating 
and cooling is not connected to energy 
generation, it relates directly to the 
overall energy picture as it cuts the 
consumption of fossil fuels and of 
electricity, owing to its wide availability.

Journey to the centre of the Earth
Globally available geothermal energy offers countless benefits

Geothermal energy plant at The Geysers near Santa Rosa, California, USA (Photo: NREL)
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…to greater depth
Although geothermal energy has been 

used over centuries to heat buildings 

or water, its application in power 

generation is relatively recent. Its use is 

now expanding rapidly throughout the 

world although its thermal efficiency is 

relatively low.

 

To produce electricity from geothermal 

resources, wells are drilled into 

geothermal reservoirs to bring steam or 

hot water to the earth’s surface. Here 

the heat is converted into electricity 

at a geothermal power plant. There 

are three main types of such plants 

and another one that combines two 

technologies.

• Dry steam plants feed dry steam 

(i.e. steam without water droplets) 

directly into steam turbines which 

drive generators to produce 

electricity. Dry steam sources are 

relatively rare. The first geothermal 

power generator was tested at 

the Larderello dry steam field in 

Italy in 1904 and the world’s first 

geothermal power plant was built 

there in 1911.

• Flash steam plants channel the hot 

water flow into a steam separator 

(or flash tank) that removes excess 

(waste) water. The drier steam that 

results is used to power a turbine. 

Low steam pressure and efficiency 

loss of some 50% caused by the 

dissipation of thermal energy in 

the flashing process mean these 

plants are less efficient than dry 

steam systems. Waste water (also 

called brine) is pumped back into 

the reservoir. Flash steam plants 

are the most numerous since the 

majority of reservoirs are hot water 

based, not steam based.

• Binary plants enable electricity 

to be produced cost-effectively 

from geothermal resources with a 

temperature lower than 150°C. In 

these plants, a heat exchanger is 

coupled with geothermal water to 

heat another fluid with a lower boiling 

point temperature, such as ammonia 

or butane. The process produces 

vapour that is used to power a 

turbine. Although relatively inefficient 

(with energy losses of around 50%) 

it allows electricity generation from 

temperatures too low to power 

steam-driven and flash steam plants. 

Flash/binary combined cycle plants 

take advantage of both these types 

of technology.

One well advanced and highly 

promising technology for tapping 

geothermal energy is EGS (Enhanced 

Geothermal Systems). It consists 

of injecting water into “intensely hot 

rocks, buried thousands of feet below 

the surface, that lack the permeability 

or fluid saturation found in naturally 

occurring geothermal systems” 

to capture their thermal energy, 

according to the US Office of Energy 

Efficiency & Renewable Energy.

 

EGS employs techniques developed 

for enhanced oil and gas recovery 

(also known as fracking). However, its 

huge potential is currently constrained 

by economic and technical factors, 

including uncertainties about cost and 

the technologies employed, coupled 

with potential negative environmental 

impact – for instance, concerns about 

induced seismicity and landslides.

Bjarnarflag geothermal power plant, Iceland (Photo: Landsvirkjun)



Issue 04/2014 I e-tech 11

Global interest heating up
Geothermal energy production is 
expanding throughout the world, 
growing at a sustained annual rate of 
4% to 5%, with 700 projects under 
development in 76 countries, including 
in developing countries, according to a 
GEA (Geothermal Energy Association) 
April 2014 report.
 
The GEA forecast that geothermal 
installed capacity would have reached 
12 000 MW by the end of 2013, with 
an additional 11 766 MW of planned 
capacity either in the early stages of 
development or under construction.
Over the years, an important 
development has been the addition 
of CHP generators to geothermal 
networks in a number of countries.
 
Geothermal resources have been 
exploited in a CHP installation at 
Paratunka, Kamchatka, in Russia 
since the late 1960s. It has 680 kW of 
installed power generation capacity and 
uses waste heat for soil and greenhouse 
heating. In Iceland a cogeneration CHP 
scheme provides hot water to 9 cities 
and to Kevlafik International Airport, 
whilst also generating electricity, 
providing 45 MWe and 150 MWth power 
and heat capacities respectively.
 
In countries such as Iceland, Germany, 
Italy and the US, geothermal energy 
production is well established, but 
projects are also under way in parts of 
East Africa and the Middle East, which 
have promising geothermal resources.
 
For instance, the GEA reports that 
Djibouti has made progress on its first 
geothermal power plant. It has plans 
to meet the country’s energy needs 
(estimated at 50 MW) and intends to 
explore the possibility of exporting 
electricity to other countries in the 
longer term. Ethiopia, Kenya, Rwanda 
and Tanzania have similar plans.

The South East Pacific region also has 
a substantial volume of geothermal 
resource both exploited and under 

development, according to the GEA, 
“with 5 209 MW in the pipeline and 
7 206 MW of resources identified 
for development”. Indonesia and the 
Philippines are ranked second and 
third in the world, behind the US, 
for installed geothermal capacity. 
According to IGA (International 
Geothermal Association), geothermal 
resources provided around 17% of the 
Philippines’ electricity production in 
2009, a share that keeps growing.

Power-hungry industries warming 
up to renewable energy
Many countries ramp up their electricity 
production from renewable sources, 
including from geothermal energy, to 
cut consumption of fossil fuels and 
emissions of greenhouse gases.
 
One country which produces 100% of 
its electricity from renewable sources, 
Iceland, sees this resource, provided 
mainly by hydropower and geothermal 
energy, as a major asset for enticing 
energy-intensive industries to relocate 
plants to the country.
 
Iceland produces five times more 
energy than it needs for domestic 
consumption, according to 
Landsvirkjun, the country’s national 
power company. This spare capacity, 
coupled with low and stable energy 
tariffs, has attracted industries such 
as aluminium smelting (where energy, 
i.e. the cost of electricity, represents 
between 30% and 40% of production 
expenses) and metallurgical grade 
silicon metal production.
 
Data centres represent another rapidly 
developing energy-intensive sector and 
are moving into areas where cheap 
renewable energy and favourable 
climatic conditions can be found. Data 
hosting company Verne Global has set 
up a data centre in Iceland that uses 
100% renewable energy. It claims that 
environmental cooling and intelligent 
design result in a reduction in cooling 
costs of at least 80%.

IEC role
IEC standardization work is essential to 
the development and correct operation 
of geothermal energy systems, even 
if the technologies may not be as well 
developed as with other renewable 
energies.
 
For geothermal heating used in 
buildings and in other applications, 
heat pumps play a central role in 
transferring heat from the soil and 
pumping it to another area inside the 
building where it is heated or cooled 
over a circulating coil system and is 
then transferred on to provide hot 
water, heating or cooling (using a heat 
exchanger). International Standards  
for heat pumps are prepared by  
IEC SC (Subcommittee) 61D: 
Appliances for air-conditioning for 
household and similar purposes.
 
Steam turbines are central to electricity 
generation from geothermal sources. 
IEC TC (Technical Committee) 5: Steam 
turbines, created in 1927, prepares 
International Standards for these (see 
article on steam turbines in this e-tech).
 
IEC TC 2: Rotating machinery, prepares 
International Standards with regard 
to specifications for rotating electrical 
machines, a category that includes 
motors and generators. Work from many 
other IEC TCs and SCs involved in the 
preparation of International Standards 
for energy generation, transmission 
and distribution is also central to the 
development and proper operation of 
the geothermal energy power chain, just 
as it is for other energy sources.

TECHNOLOGY FOCUS

Cheap geothermal and hydraulic attracts 
energy-intensive plants – Fjardaál aluminum 
smelter, Iceland (Photo: Alcoa)
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Morand Fachot

Nowadays, marine energy 
accounts for only a tiny proportion 
of the electricity produced from 
renewable sources. However it 
is forecast to represent a very 
sizeable share of the overall global 
supply by 2050, complementing 
other renewables such as sun 
and wind. To achieve this result, 
various technologies that are 
currently at the research or 
testing stage, in the form of small 
single elements or of arrays 
of elements, will have to be 
developed to full-scale systems 
and projects deployed on a 
worldwide basis.

It’s all there, just waiting to be 
tapped
Oceans contain 97% of the earth’s 
water and cover 71% of its surface; 
they are sources of huge kinetic energy 

from waves and swells, currents and 
tides, and of thermal energy in the 
form of the heat they harness from the 
sun. The difference in salinity between 
seawater and fresh river water creates 
a chemical pressure potential (salinity 
gradient power) that can also be used 
to generate electricity.
 
All these approaches could, in theory, 
provide a sizeable share of the world’s 
energy needs. However, currently they 
only make up a tiny percentage of 
the energy extracted from renewable 
sources. Of this, 90% comes from two 
tidal range barrages: one in France 
(240 MW), operational since 1967, the 
other in the Republic of Korea (254 MW), 
in operation since August 2011.
 
Marine energy is still in its infancy, with 
many technologies still at a research or 
testing stage aimed at finding the best 
possible systems for converting the 
various types of marine energy.

Getting in the motion
Marine kinetic energy is very powerful 
as the density of water is roughly  
850 times that of air.
 
As it emanates from different 
sources that vary in their power and 
predictability, its conversion into 
electrical energy requires a wide range 
of devices so as to cover all these 
aspects.
 
Waves and swells are generated 
primarily by winds; they are intermittent 
and vary in intensity.
 
Tides are driven by the gravitational 
pull of the moon, while currents result 
from the effects of tides as well as 
from other factors such as the mixing 
of different water temperatures and 
degrees of salinity. Both tidal and 
current resources are more predictable 
and less intermittent than waves or 
swells.

More than a drop from the ocean
Energy from the seas is emerging as a future huge source

Horizontal axis tidal turbine (Photo: Siemens)
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The main criteria for selecting the 
optimum sites at which to tap into 
marine kinetic energy sources are tidal 
current velocity, wave formation and 
turbulence, water depth and bathymetry 
and access to grid connection.
 
Wave and tidal converters may be fixed 
to the seabed, tethered or floating.

On top of the crest
Tapping into wave energy is particularly 
challenging. Waves are driven primarily 
by winds that blow across oceans; 
they combine and continue to gain 
energy over long, open stretches of 
water. Some of the best locations for 
wave energy converters are the Atlantic 
coastline in Europe and the Pacific 
coast states in the US.
 
As wave energy resources are diverse 
in their nature, it is likely that a number 
of different devices, rather than a single 
concept, will be deployed to harness 
them. These currently include more 
than half a dozen designs, including:
• Attenuators – long floating 

structures deployed to catch the 
waves’ motions so as to produce 
energy

• OWCs (oscillating water columns) – 
partially submerged structures that 
can be installed on- or offshore. In 
OWCs a piston moves up and down 
with the waves, compressing and 
decompressing air that is fed into 
bidirectional air turbines in order to 
produce electricity

• Overtopping devices that capture 
water as waves break into a raised 
storage reservoir. The water is 
then returned to the sea, passing 
through a conventional low-head 
turbine which generates power. 
An overtopping device may use 
‘collectors’ to concentrate the 
waves’ energy

• OWSCs (oscillating wave surge 
converters) – general seabed 
mounted devices that extract 
energy from the surge motion in the 
waves

• Point absorbers – floating structures 

that absorb energy from all 

directions and convert the motion of 

the buoyant top relative to the base 

into electrical power

• Pressure differential devices that 

capture energy from pressure 

changes as the wave moves over 

them

Catching the tide
The technologies used in harnessing 

tidal and current sources are often 

similar. Tides and currents are quite 

predictable and flow in a predictable 

direction. Tidal and current converters 

are installed under the surface and 

include:

• Horizontal and vertical axis 

turbines – these work in a manner 

comparable to that of land-based 

and offshore wind turbines.  

They are placed in the water; 

currents or tidal streams cause 

the rotors to spin around their 

horizontal or vertical axes and 

generate power

• Venturi effect devices – systems 

that funnel the water through 

a duct, increasing its velocity 

and driving a turbine to produce 

electricity

• Tidal kites – these are tethered to 

the seabed and carry a turbine 

below a wing. They fly in the tidal 

stream, swooping in a figure-of-

eight shape to increase the speed 

of the water flowing through the 

turbine

• Oscillating hydrofoils, which are 

attached to an oscillating arm and 

operate like an aircraft wing with 

the tidal current flowing either 

side of it creating lift. This physical 

motion feeds into a hydraulic 

power system to be converted into 

electricity

• Archimedes screws, which are 

corkscrew-shaped devices with 

a helical surface surrounding a 

central cylindrical shaft. They draw 

power from the tidal stream as the 

water moves up/through the spiral, 

turning the turbines

Rivers also offer significant potential; 

certain types of turbines deployed 

in the marine environment are being 

installed in rivers.

Hot and cold don’t mix
OTEC (ocean thermal energy 

conversion) uses the temperature 

difference between cold deep waters 

TECHNOLOGY FOCUS

Open centre turbine (Photo: OpenHydro)



e-tech I Issue 04/201414

and the warmer waters near the 
surface to run heat engines that 
produce electricity. OTEC works best 
when the temperature difference is 
around 20° C, as is typically found 
in tropical coastal areas. It can be 
attractive for small remote island 
communities who use it to replace 
diesel generators or to provide air-
conditioning and desalinated water.
 
These applications and others such as 
aquaculture or the retrieval of cooler 
water and nutrients from deep waters 
for a variety of fish and shellfish species 
can boost the cost effectiveness of 
OTEC, according to an Indonesian 
study.
 
OTEC has a substantial potential; 
however, what is currently technically 
recoverable is much less significant. 
Japan, for instance, assesses OTEC 
potential in its territorial waters and 
exclusive economic zone (220 nautical 
miles or 370 km from its coast) at  
904 232 MW, but feasible OTEC 
potential (i.e. recoverable in a zone 
30 km off its coast) at just 5 952 MW. 
Indonesia estimates its OTEC potential 
to be 222 GW.
 
The major capital investment required 
for OTEC installations may slow down 
their deployment. Currently only a 
few sites are operational – most are 
experimental or pilot projects.

Challenges
Marine energy conversion is still at an 
early stage of development and faces 
a number of challenges. International 
Standards will prove essential to the 
expansion of the industry.
 
IEC TC (Technical Committee) 114: 
Marine energy – Wave, tidal and other 
water current converters, prepares 
International Standards for all these 
converters. Its work programme 
includes assessment of various 
parameters such as resources, 
performance, measurement and testing.

The future of the marine energy sector 
does not depend on technological 
solutions alone, but also on 
environmental and economic concerns.
 
The environmental impact of marine 
energy converters, which may 
be deployed in sensitive marine 
environments, must be low. This 
is the objective of thorough risk 
assessments that cover various 
aspects such as the impact turbine 
blades may have on marine mammals 
and fish and the effects of the 
acoustic output of turbines or of 
changes in water flow and energy 
removal. The results of surveys so far 
are encouraging, showing that marine 
mammals will avoid large, slow moving 
turbines and that fish are largely 
unaffected.
 
However, more research is required 
and environmental concern may slow, 
or even prevent, the installation of 
marine energy converters in certain 
zones.
 
As costs for developing technologies 
are often a matter of concern and 

uncertainty, marine energy conversion, 
like other renewable energy sources, 
will certainly require financial support 
from governments and interested 
stakeholders, such as utilities. This 
support may take the form of direct 
investment, subsidies, cost-levelling 
mechanisms or guaranteed feed-
in tariffs, as the cost of electricity 
produced by marine energy 
conversion initially will be higher 
than that produced by other means, 
including well-established renewables 
like solar and wind. As worries about 
large subsidies for renewable energies 
mount, funding may prove an issue in 
the future.
 
The overall return of marine energy 
conversion is likely to translate into 
large volumes of additional clean 
energy resources in coming decades. 
The IEA forecasts that “by 2050 ocean 
energy will have grown to 337 GW 
of installed wave and tidal energy 
capacity”, from well under 1 GW today. 
This expansion will be made possible 
in no small part by the pioneering 
standardization work carried out by  
TC 114.

TECHNOLOGY FOCUS

Some tidal turbines can be deployed in rivers as well (Photo: Verdant Power)
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REs will help cut emissions of noxious gases

INDUSTRY SPOTLIGHT

Morand Fachot
Steadily growing demand for 
electricity and efforts to reduce 
the share of fossil fuels in power 
generation, so cutting both noxious 
emissions and dependence on 
imports, have led to a rapid 
expansion of the RE (renewable 
energy) sector. This shift has 
consequences for the environment, 
economy and labour market in 
many countries and regions of the 
world. Estimates vary greatly, but 
all point to systemic changes in a 
number of area.

Making a virtue of necessity
Mounting concern about the negative 
environmental impact of the use of 
fossil fuels and the need to have a truly 
sustainable energy sector have led 
to reconsideration of the respective 
shares of primary energies in the 
overall electricity generation chain. 

This has resulted in efforts to increase 
the contribution of “new” RE sources, 
i.e. wind, solar, marine energy and 
biomass, in addition to hydropower, 
which currently accounts for the lion’s 
share of electricity produced from 
renewable sources.
 
This trend has led to the rapid and 
massive expansion of non-hydro RE 
resources. Renewables are now the 
fastest-growing power source on a 
percentage basis. RE made up less 
than 1,5% of electricity generation 
capacity in 1990, but its contribution 
had increased nearly 4,5-fold (in 
volume) by 2010, whilst electricity 
production less than doubled during 
the same period.
 
The IEA (International Energy Agency) 
forecasts that the share of RE sources 
in total power production will rise from 
20% in 2011 to 31% in 2035 in its so-
called 450 Scenario (i.e. assuming any 

policies adopted have a 50% chance of 
limiting the global increase in average 
temperature to 2°C).

Environmental benefit
A noted and well-documented benefit 
of the growing use of REs in electricity 
generation (in parallel with the phasing 
out of many obsolete coal- and oil-fired 
power plants) is a slower growth of CO

2 
(and greenhouse gas) emissions from 
the energy sector.
 
However, with the share of RE-
generated total emissions remaining at 
40%, the volume of the CO2 released 
that is attributable to these sources 
will increase from 13 Gt (gigatonnes) 
in 2011 to 15,2 Gt in 2035, in parallel 
with a 70% surge in total electricity 
generation, according to the IEA.

Economic impact
Growing investment in RE sources and 
financial incentives such as tax-breaks 
or feed-in tariffs to ensure their rapid 
expansion are having an impact on 
many industries and on consumers 
alike.
 
RE power generation technologies 
now account for around half of all new 
power capacity additions worldwide.
 
This rapid deployment of renewables, 
helped by subsidies to bring the price 
of RE-generated electricity in line with 
that from other sources, causes costs 
to decline equally rapidly, making 
renewables increasingly competitive.
 
For instance, the price of crystalline 
silicon PV (photovoltaic) modules 
dropped by more than 60% in 2010-
2011 owing to overcapacity, according 

Renewables’ impact powers on
Renewable energies have a positive effect in many areas beside  
electricity generation
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to IRENA (International Renewable 
Energy Agency). The same can be 
observed for installations: in Germany 
the costs of installed rooftop systems 
fell by 65% between 2006 and 2012, 
making solar PV competitive with 
residential electricity tariffs.
 
The ensuing declining LCOE (levelized 
cost of electricity) of REs has unwanted 
consequences: utilities complain of falling 
profits because subsidized renewables 
are rendering some of their conventional 
power plants unprofitable, even though 
they are still needed for backup.
 
As a result, some countries are 
considering or have decided to cut 
financial incentives for RE installations. 
In January 2014 the German 
government announced that it would 
be gradually scaling down its subsidies 
for new wind turbine installations after 
rising wind and solar power costs sent 
consumer utility bills soaring; in April 
2014, the British government stated 
that it would phase out its solar farm 
subventions early.

The RE sector has a huge and 
growing global economic impact. 
According to a BNEF (Bloomberg 
New Energy Finance) April 2014 
report, more than USD 1 100 billion 
was invested in RE and energy smart 
projects between 2010 and 2013 (this 
includes corporate and government 
R&D and spending for energy storage 
projects).
 
Forecasts for the longer term must 
be taken with great caution. The 
same source, BNEF, gives various 
possible scenarios, which depend on 
economic growth, subsidies, policies 
and fossil fuel prices, among other 
things, to estimate that yearly capital 
requirements for REs could be as low 
as USD 470 billion (USD 6 100 billion 
cumulative) or as high as USD 880 
billion (USD 9 300 billion cumulative) 
by 2030.
 
Another sector that will benefit 
greatly, and increasingly so, from the 
expansion of the RE industry is that 
of MRO (maintenance, repair and 

operations/overhaul). The MRO sector 
for RE industries is set to expand as 
RE installations get older. In the wind 
turbine industry, for instance, annual 
maintenance costs of turbines average 
1%-3% of the original investment, but 
the price of a new set of rotor blades, 
a gearbox or a generator is typically 
15%-20% of the cost of the turbine, 
according to the Danish Wind Industry 
Association.
 
The overall economic impact of the 
global MRO sector is difficult to assess, 
as many of the RE technologies are 
still at a research/development stage 
(in particular in the marine energy 
domain), but is likely to become very 
significant.

Growing job opportunities
As it expands rapidly, the RE sector 
is set to provide more and more 
employment opportunities. This is 
reflected in the growth observed in 
recent years. In 2009, more than 
3 million people were estimated to 

RE industries will be a significant economic sector in decades to come (Photo: Siemens)
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be working directly in the sector, 
according to ILO (International Labour 
Organization) data.
 
Direct jobs are those related to the 
RE sector’s core activities, such as 
manufacturing, equipment distribution 
and site preparation and installation. 
But employment opportunities also 
extend to indirect jobs in activities that 
supply the industry.
 
In its Renewable Energy and 
Jobs Annual Review 2014, IRENA 
estimates that RE jobs reached 
6,5 million in 2013. IRENA data 
includes employment in the PV, 
wind, thermal solar power, biofuels 
and biomass domains, as well as 
in small hydropower, but not in the 
large hydropower or marine energy 
sectors, which are still essentially at a 
developmental stage.
 
Employment in the RE sector is 
characterized by a skills gap and a 
certain imbalance between developed 
and developing countries.

Employers in many countries have 
identified some RE occupations as 
“difficult to fill”, according to the  
ILO. They include project developers, 
engineers, technicians and installers. 
Employment in the PV sector grew 
rapidly from 1,4 million jobs in 2012 
to nearly 2,3 million in 2013, mainly 
concentrated in Asia, which produces 
some 85% of the world’s modules.
 
Wind power was the second largest  
RE employing industry (excluding 
biofuels) with over 830 000 jobs 
worldwide.
 
Manufacturing of RE systems is 
concentrated predominantly in 
developing countries, but some 
production is moving to developing 
ones, with installations and 
maintenance providing more job 
opportunities. One example is 
Bangladesh, the world leader in 
installations of small solar home 
systems (their number had grown 
to 2,8 million serving 20 million rural 
people by December 2013).

The number of direct RE jobs  
(mostly in installations, but also  
in panel assembly and operations  
and maintenance) in Bangladesh 
reached 100 000 in 2013, with the  
goal of creating an extra 100 000 
“green jobs” by 2020. This 
demonstrates that RE industry 
employment opportunities not only 
benefit developed countries, but also 
extend to developing ones.
 
The wide-ranging environmental, 
economic and employment benefits 
of the fast expanding RE sector are 
obvious on a global scale, despite 
sometimes being difficult to quantify. 
However, one thing is certain: none 
of these positive results could be 
achieved without the extensive 
standardization work carried out by 
the large number of IEC TCs (Technical 
Committees) and SCs (Subcommittees) 
involved in the development of the 
RE sector and all its associated 
technologies.

Millions of jobs will be created in the RE sector in years to come (Photo: Dennis Schroeder / NREL)
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Morand Fachot
Marine energy is emerging as a 
huge source of renewable energy 
but depends on disparate kinds 
of energies, all of which require 
different technologies for their full 
exploitation. IEC TC (Technical 
Committee) 114: Marine energy, 
prepares International Standards 
for this promising sector.

Present everywhere but difficult to 
collect
Harnessing marine energy presents 
particular challenges, which explains 
why investment in this sector has been 
relatively modest so far compared to 
efforts in other renewables.
 
As oceans represent a huge source of 
power that can be partly converted into 
electrical power, the drive to develop 
existing or new technologies led to the 
creation of IEC TC 114 in 2007.
 
Its title: Marine energy – Wave, tidal 
and other water current converters, 
gives a clear indication of its scope, 
although the TC adds that it is open 
to “other conversion methods, 
systems and products”. However, 

it also specifically excludes “tidal 
barrage and dam installations”, which 
are covered by IEC TC 4: Hydraulic 
turbines. Despite this, TC 114 is also 
exploring the potential of exploiting 
river currents.
 
The TC 114 remit is to prepare 
International Standards that allow 
technologies developed for marine 
energy conversion to evolve beyond the 
early stage of development, where they 
have remained for some 30 years, to 
reach full commercial deployment.

Extensive assignment
To achieve this objective, TC 114 
has adopted a structure that brings 
together, as of May 2014, 115 experts 
from 14 Participating countries and  
9 Observer countries into 10 PTs (Project 
Teams) and 3 AHG (ad hoc Groups).
 
The TC prepares International 
Standards that aim to address 
essential aspects of marine energy 
conversion, including:
• system definition
• design requirements performance
• measurement of wave, tidal and 

water current energy converters

• resource assessment requirements, 

design and survivability

• safety requirements

• power quality

• manufacturing and factory testing

• evaluation and mitigation of 

environmental impacts

The TC has published 3 TS (Technical 

Specifications) that cover terminology 

and power performance assessment of 

wave and tidal energy converters. More 

are due to be released in the coming 

months.

 

Its current work programme includes 

the preparation of publications 

providing a Guideline for design 

assessment of OTEC (Ocean 

Thermal Energy Conversion) and the 

assessment of mooring systems for 

marine energy converters as well as 

for wave and tidal energy resource 

assessment and characterization. 

TC 114 is also working on power 

performance assessment for 

electricity-producing river energy 

converters.

From research to full-scale 
deployment
As marine energy conversion projects 

are gradually shifting from research 

Standards for marine energy move on
Extensive standardization work needed to develop marine energy sector

Tidal turbine array on the seabed (Artist impression)

The Pelamis offshore wave energy converter 
uses the motion of waves to convert 
electricity (Photo: Pelamis Wave Power Ltd)
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and prototype schemes to grid-
connected commercial deployments, 
the need for standardization is obvious. 
International Standards will help 
reduce the technical and financial risks 
associated with the wide range of new 
technologies and enable a quicker 
adoption of marine energy conversion.
 
To prepare these Standards, TC 114 
has set up PTs for design, device 
performance and resources 
assessment. It has also set up a PT  
for electrical power quality requirement 
issues to address grid connection and 
integration, and a PT to move forward 
on OTEC.
 
TC 114 is now dealing with the full 
spectrum of technical issues from scale 
testing to grid integration.

Since marine energy projects share 
some technical issues with offshore wind 
farms on common elements, such as 
mooring and floating installations, TC 114 
is liaising with TC 88: Wind turbines.

Conformity assessment needs
IEC CAB (Conformity Assessment 
Board) set up WG (Working Group) 15 
to develop a Framework for an 
internationally standardized approach  
to addressing the conformity 
assessment needs of the marine 
energy industry.
 
At its June 2013 meeting, CAB decided 
to establish a 4th CA (Conformity 
Assessment) system, known as IECRE, 
to manage CA schemes for wind energy, 
marine energy and solar PV (photovoltaic 

energy) and, eventually, for other RE 
technologies, such as solar thermal 
electric plants and fuel cells. A proposal 
for approval of the IECRE CA system will 
be submitted to CAB in June 2014.
 
Obvious customers for TC 114 
Standards are the industry (device and 
project developers and manufacturers), 
test centres, certifying bodies 
and regulators, national and local 
authorities and potential investors.
 
Considering the publications already 
issued and the projects that either have 
been launched already or are near 
completion, it is safe to assume that 
TC 114 work will give the marine energy 
industry and utilities all the Standards 
they need to manufacture and deploy 
the best possible systems.

Atlantis AK 1000 tidal turbine waiting to be lowered onto the seabed (Photo: Atlantis Resources Ltd)
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Claire Marchand

Electricity is so deeply entrenched 
in our lives that we take it for 
granted… until there’s a power 
outage. Whether on a small or large 
scale, power outages may have dire 
social and economic consequences: 
no lights in homes, offices, public 
places; disruption of public 
transportation services; temporary 
factory shutdown, to name but a 
few. In recent years, major power 
outages have been able to paralyze 
whole regions or countries in 
North and South America, Europe 
and Asia. Can this happen again? 
Probably, but there are ways of 
ensuring that energy generation, 
transmission and distribution 
occurs in the safest, most reliable 
and efficient way possible.

Long-standing leading role
Governments, industries and utilities 
have several tools at their disposal to 
ensure the optimum operation of their 
electrical networks. Among these, 
international standardization and 
conformity assessment play a major 
role at all stages of development, 
from design and manufacture of the 
equipment to its deployment.
 
Since the very beginning, the 
IEC has been at the forefront of 
standardization in the field of electrical 
energy generation, transmission and 
distribution. The first half of the 20th 
century saw the establishment of 
several TCs (Technical Committees) 
that have produced International 
Standards for electric cables, power 
transformers, electrical accessories, 
fuses and other categories of product.
 
As technologies have evolved, more 
committees have been added to cover 

all aspects of energy generation, 

transmission and distribution, including 

renewable energies, the Smart Grid, 

smart cities and buildings, e-mobility 

and energy efficiency. The millions 

of electrical and electronics devices 

used in homes, offices and factories, 

healthcare facilities and public areas 

have also had an effect.

Global markets: International 
Standards more relevant than ever
The emergence of globalization and 

the firm establishment of today’s global 

markets set the seal on the demise of 

national monopolies on electricity. End-

users can generally choose between 

several suppliers, while many utilities 

have expanded and now operate 

in several countries. It is therefore 

essential that all players in the energy 

sector have a common denominator, 

a universal language that helps avoid 

disruption in their services. Using IEC 

International Standards to build and 

expand power grids and upgrade them 

for the “smart (r)evolution” makes 

even more sense today and ensures 

compatibility and connectivity of 

networks within a country and across 

borders.

Building electrical networks, 

installations, systems and equipment 

to International Standards is one 

thing. Making certain that they are of 

the highest quality and reliability so 

that they perform well and are safe is 

another.

 

This is where IECEE, the IEC System 

of Conformity Assessment Schemes 

for Electrotechnical Equipment and 

Components, comes into play. In its 

almost 30 years of existence – it was 

set up in 1985 – IECEE has established 

an unsurpassed worldwide reputation 

for the testing and certification of 

electrical and electronic equipment.

 

The IECEE CB Scheme provides the 

assurance that tested and certified 

electrical equipment – and its 

components – meets the strictest levels 

of safety, functionality and performance 

in compliance with the relevant IEC 

International Standards.

Compatibility and interconnectivity
All power grids need IECEE certification for trouble-free operation

CONFORMITY ASSESSMENT
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Addressing specific needs
IECEE has several product categories 
that list the relevant IEC International 
Standards in one particular field. These 
are of the utmost importance to the 
energy sector, and focus on specific 
aspects of it. Relevant categories 
are: Cables and cords (CABL), Safety 
transformers and similar equipment 
(SAFE), Installation protective 

equipment (PROT), Installation 
accessories and connection devices 
(INST).

Smart future?
IECEE is also preparing for the future 
and developing a new service. A 
Working Group, PSC (Policy and 
Strategy Committee) WG 2A, was set 

up in 2011 to explore the potential 
for and practicality of conformity 
assessment applications in the areas 
of smart homes, smart buildings and 
smart industry. IECEE is working 
closely with industry to ensure that the 
upcoming service meets all market 
needs. (see article in e-tech November 
2013)

Multiple benefits
Whether smart or traditional, the 
energy sector can only benefit from the 
use of IEC International Standards and 
IECEE certification.
 
For manufacturers, the advantages 
of having their equipment tested 
and certified to IECEE Schemes 
are manifold. Equipment tested 
and certified in one country will be 
accepted for national certification  
in all other IECEE member countries. 
Even better, global acceptance  
of the IECEE CB Scheme through  
CB Test Certificates and the 
associated CB Test Report is also 
often effective in countries that are  
not part of the IECEE community. In 
effect, an IECEE CB Test Certificate 
is a global passport. This also means 
that equipment, installations and 
systems will be compatible. Because 
they “speak the same language”, 
power grids operated by different 
utilities can be interconnected, 
thus eliminating any disruption in 
the transmission and distribution of 
electricity to their customers within a 
country or across borders.
 
IECEE certification also means 
speed to market, a reduction in costs 
and the elimination of duplicate or 
multiple testing. It provides equipment 
manufacturers, National Certification 
Bodies, regulators and utilities with 
a high level of confidence in terms 
of the universal applicability of their 
products.

Switches and insulators on a transformer in a power plant

Switchgear testing with multimetre probe
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Claire Marchand

While many countries throughout 
the world are integrating 
renewable energy sources into 
their energy mix, they still rely 
heavily on fossil fuels. According 
to the IEA (International Energy 
Agency), as primary sources of 
electricity generation, oil, gas and 
coal together account for the lion’s 
share (67,4%) of the world’s supply 
(IEA 2010).

The pros and cons
There are several advantages to 

having such a high share of fossil 

fuels in the world’s energy mix. Very 

large amounts of electricity can be 

generated in one place, fairly cheaply, 

using coal; transporting oil and gas to 

power stations is easy; gas-fired power 

stations are efficient; and fossil-fuelled 

power stations can be built almost 

anywhere as long as they can receive 

large quantities of fuel.

 

There are drawbacks as well. Pollution 

is one: burning any fossil fuel produces 

CO2 (carbon dioxide) which contributes 

to the greenhouse effect. In addition, 

oil, gas and coal are not renewable 

energy sources. Last but not least, coal 

mining, oil drilling and gas extraction 

sites are considered hazardous 

areas where the risk of explosion, oil 

spills or gas leaks is high and always 

present, and workers at these sites are 

often exposed to harsh and extreme 

conditions.

 

Safety in potentially explosive areas 

relies largely on the proper and safe 

interaction of equipment and human 

factors.

Equipment failures
• 14 May 2014: an explosion in a 

Turkish coal mine killed more 

than 200 miners. The blast was 

allegedly caused by an electrical 

fault that in turn triggered a power 

cut. This rendered the mine cages 

unusable, trapping hundreds inside 

the pit.

• 25 March 2012: a gas leak forced 

the total evacuation of the Elgin 

offshore platform in the North Sea. 

In addition to oil and gas spilling 

into the sea for months, the incident 

cost billions of dollars in lost 

production and clean-up according 

to the operator.

• 21 April 2010: an explosion on a 

semi-submersible offshore platform 

in the Gulf of Mexico killed 11 and 
injured 16. Some 5 million barrels 
of oil were released, resulting in 
the biggest oil spill to date and 
costing tens of billions of dollars 
in compensation and clean-up 
expenses.

These disasters, resulting from 
equipment, installation or maintenance 
failures, illustrate the major risks 
and costs that may be encountered 
in Ex (explosive) areas. Many other 
less serious accidents go largely 
unreported.

The IEC has the solution
While there is no guarantee that 
working in Ex atmospheres can 
be 100% risk-free, the oil and gas 
industry and the mining sector have 
tools at their disposal to make their 
environment as safe as possible.
 
The IEC, together with one of its 
Conformity Assessment Systems, 
IECEx (IEC System for Certification 
to Standards Relating to Equipment 
for Use in Explosive Atmospheres), 
provides very specific compliance tools 
for those manufacturing, repairing 
or operating the equipment used in 
hazardous areas.

Built to IEC International 
Standards, tested and certified by 
IECEx
IEC International Standards prepared 
by IEC TC (Technical Committee) 31: 
Equipment for explosive atmospheres, 
provide designers, manufacturers, 
installers, maintenance and repair 
specialists with the specifications 
and requirements against which Ex 
equipment has to be built, installed, 
maintained and repaired. Market 

Minimizing risks
IECEx ensures the safety of personnel and equipment in fossil fuel extraction

Offshore oil rig
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demand for these Standards has 
increased significantly in recent years 
and many countries have adopted 
them.
 
IECEx has put in place a number of 
Certification Schemes that provide 
assurance that
• equipment and systems are 

manufactured and operated 
according to the highest 
International Standards of safety

• service providers including repair 
and overhaul workshops comply 
with IEC safety Standards

• persons involved in these areas are 
competent to apply the strict safety 
standards

Safety and protection
A great number of companies rely on 
IECEx for the testing and certification 
of their products. Manufacturers have 
to meet the very strict requirements 
specified in the IEC 60079 series of 
International Standards on explosive 
atmospheres as well as those put 
in place by national or regional 
regulations and legislation. Proving 
adherence to those requirements 
can be costly and time-intensive. An 
IECEx certificate is like a passport 
for manufacturers of Ex equipment: it 
provides clear proof of compliance with 
International Standards and it certifies 
that the equipment in question carries 
the requisite level of protection.

Maintenance and repair of  
Ex equipment
Because Ex equipment has a much 
higher capital cost than the same 
equipment used elsewhere, repairing 
it is often more cost-effective than 
replacing it. The IECEx Certified 
Service Facilities Scheme assesses 
and certifies that organizations and 
workshops that provide repair and 
overhaul services to the Ex industry do 
so according to the strict requirements 
of IEC 60079-19, Explosive 
atmospheres - Part 19: Equipment 
repair, overhaul and reclamation. This 
ensures that the unique Ex safety 
features are not compromised during 
the repair or overhaul process. The 
System includes on-site audits prior to 

issuing the IECEx Certificate, as well 
as periodic audit reports.

Highly-skilled workforce
To cover all safety aspects in Ex 
environments and to complement the 
Certified Equipment Scheme, IECEx 
has developed the IECEx Certification 
of Personnel Competence Scheme for 
assessing and certifying individuals 
working in potentially hazardous 
areas.
 
The IECEx CoPC (Certificate of 
Personnel Competence) provides 
independent proof that the certificate 
holder has the requisite qualifications 
and experience for working on 
electrical equipment located in 
hazardous areas and can implement 
IEC International Standards covering 
explosive atmospheres.
 
For the CoPC, competence is defined 
as “the ability to apply knowledge” 
rather than simply assessing 
knowledge. In this sense, the 
assessment of persons evaluates their 
ability to perform certain Ex-related 
tasks.
 
To learn more about IECEx and its 
Schemes, go to: www.iecex.com

Worker collecting data on a gas well

Coal mine excavator
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Electronics is omnipresent in our 
lives today. From mobile devices 
and wearables to home appliances, 
office equipment, industrial 
automation, healthcare facilities, 
transportation and entertainment, 
it is integrated in every device, 
piece of equipment and machinery, 
in every installation and system. 
That goes for energy transmission 
and distribution as well, which 
have been brought sharply into 
focus now that Smart Grids and 
Smart Cities are a hot topic.

Smart needs to remain smart or 
get smarter
Today’s world is as smart as it 
is thanks to the extensive use of 
electronic components of all types. 
To ensure that devices and systems 
retain that “smartness” throughout 
their entire life cycle, these same 
components have to work flawlessly. 
There only needs to be one faulty 

component out of hundreds or 
thousands to cause malfunctions that 
can have serious and sometimes fatal 
consequences.
 
Smart Grid environments rely heavily 
on ICT (information and communication 
technology) for transmitting and 
processing signals and data smoothly 
and providing communication between 
devices or systems. They also depend 
on power electronics for the conversion 
of electrical power.

The role of power electronics
Power electronics is the phrase used 
to define the application of solid-state* 
electronics for the efficient control and 
conversion of electrical power. Power 
electronics comes into play whenever 
there is a need to modify voltage, 
current or frequency. In modern 
systems the conversion is performed 
using semiconductor switching 
devices such as diodes, thyristors and 
transistors.

Power electronics is used in a wide 
range of applications, including:
• Industry: motor drives, electrolysis, 

electroplating, induction heating, 
welding, lighting and arc furnaces  
and ovens

• Transportation: trains, subways, 
buses, magnetic levitation, electric 
vehicles, automotive electronics, 
ship and aircraft power systems

• Utility systems: HVDC (high-voltage 
d.c.) transmission, flexible a.c. 
transmission, custom power and 
power quality control, renewables 
(wind, photovoltaic, fuel cells) and 
energy storage systems

• Power supplies for electronic 
equipment: telecommunications, 
computers, office equipment, 
electronic instruments, portable or 
mobile electronics

• Residential and home appliances: 
lighting, heating, air conditioning, 
refrigeration, cooking, cleaning and 
entertainment

Many consumer electronic devices, 
such as cell phones, personal 
computers and battery chargers, 
contain an a.c./d.c. converter, 
probably the most popular converter 
of all. In industry a common 
application is the VSD (variable speed 
drive), which controls induction 
motors. The power range of VSDs 
goes from a few hundred watts to tens 
of megawatts.

Trust is essential
Manufacturers and suppliers 
of electronic components and 
manufacturers of electronic devices 
and systems have to ensure that their 
products are of the highest quality and 
performance. For their part, retailers 
who sell devices and equipment need 
to make sure that they are safe and 
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IECQ has developed AQP (Automotive Qualification Programme) for the automotive industry 
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Have faith in your electronics
IECQ certification helps make the world a smarter place



reliable – and the consumers who buy 

them will also want to know this.

 

For those consumers, trust is essential 

here. One way to build that trust is 

through testing and certification. IECQ, 

the IEC Quality Assessment System 

for Electronic Components, is a major 

player and a leader in this field, working 

relentlessly to develop Schemes that 

cover not just electronic components 

but also associated materials, 

assemblies and processes.

IECQ – a building block
As a worldwide approval and 

certification system covering the 

supply of electronic components, 

assemblies and associated materials 

and processes, IECQ provides a 

certification system that enables 

manufacturers and suppliers to 

provide independent verification that 

the claimed specifications (including 

International IEC Standards) have been 

met. This gives end manufacturers the 

reassurance of knowing that suppliers 

holding IECQ certification do not need 

stringent second party assessment or 

monitoring.

The plethora of electronic components 

and processes covered by IECQ are 

used in all kinds of technologies, 

from the smallest device to the most 

complex piece of equipment. IECQ’s 

contribution to a safer and more 

reliable world can only increase with 

the development of new technologies 

and state-of-the-art electronic 

devices.

Large scope

IECQ offers several Schemes for 

specific industry sectors or that 

address issues that raise concerns. 

Recent additions to the System’s 

portfolio include a Programme for 

the automotive industry – AQP 

(Automotive Qualification Programme) 

– which utilizes power components 

and highly depends on the reliability 

of the thousands of electronic 

components that are integrated in 

the vehicles; and another – CAP 

(Counterfeit Avoidance Programme) – 

that tackles counterfeiting, a hot topic 

nowadays in this field. 

The IECQ Schemes and Programmes 

available today are:

• IECQ AC (Approved Component)

• IECQ AP (Approved Process)

• IECQ AQP (Automotive Qualification 

Programme)

• IECQ Avionics

• IECQ CAP (Counterfeit Avoidance 

Programme)

• IECQ HSPM (Hazardous Substance 

Process Management)

• IECQ ITL (Independent Testing 

Laboratory)

The IECQ Schemes help facilitate 

trade, reduce industry costs and 

eliminate duplication of assessments 

because certificates are recognized 

globally in the member countries.  

This means that once a device 

has been tested by a recognized 

certification body, the certificate is 

valid everywhere, making it highly 

valuable. It also provides those 

components, processes and materials 

that have been certified with the 

potential to access international 

markets.

 

To learn more about IECQ and its 

Schemes, please visit: www.iecq.org

 
* Many years ago, mercury-arc devices were 

utilized for the rectification of a.c. to d.c. or 

the inversion of d.c. to a.c. However, today’s 

rapidly growing usage of power electronics 

results from the development of the solid-

state power devices that succeeded them.
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Power electronics is used in a wide range of applications, from industrial welding…

...to battery chargers
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Janice Blondeau

The IEC was present at the 
Forum of Smart City International 
Standardization, organized by SAC 
(Standardization Administration 
of China), and held in Guilin, 
Guangxi, China on 24 February 
2014. IEC was represented by 
Wei Sun, co-convenor of IEC SEG 
(Systems Evaluation Group) 1: 
Smart Cities; Dai Hong who is the 
Chinese SMB member; and Jack 
Sheldon, IEC Standardization 
Strategy Manager. e-tech spoke 
to Jack Sheldon about the IEC’s 
Smart Cities work.

Working with complexity
e-tech: What are Smart Cities for you?

Sheldon: To me “Smart Cities” 
means making optimum use of 
the infrastructure and resources of 
our cities – using the smartness to 
better utilize capacity than we could 
otherwise.
 
One of the topics that we have 
identified and are focussing on is a 
systems approach to standardization, 
which is in part stimulated by 
accelerating technological integration 
and the advent of these ever more 
complex systems. The systems 
approach is designed to facilitate 
handling this complexity and also to 
provide a neutral, independent platform 
on which different organizations can 
cooperate.

IEC systems approach to Smart 
Cities
e-tech: How does the IEC systems 

approach encourage Smart Cities?

Sheldon: The complexity of the world 
we live in today and technology 
convergence means that we need a 

new approach to tackle these subjects. 
The systems approach that we have in 
the IEC is intended to be a response to 
the challenges of Smart Cities.

e-tech: How is the IEC Systems work 
structured?
Sheldon: The IEC is addressing the 
needs of large systems in several 
stages. After evaluating a proposal in 
a given new or existing technical area, 
the SMB (Standardization Management 
Board) will launch a Systems Evaluation 
Group.

Systems Evaluation Groups 
explained
The SEG (Systems Evaluation Group) 
evaluates work covering a broad 
system. Its role is to trace systems 
boundaries and identify all stakeholders 
who are impacted by the system. The 
SEG invites participation by all relevant 
experts from within or outside the IEC, 
including from fora and consortia.
 
It can build roadmaps, develop 
architectures, detect standardization 
gaps and missing processes but it will 
not publish International Standards. 
The SEG will exist only for a limited 
period of time, normally up to two years 
and reports to the SMB.
 
The SMB recently founded SEG 1 
on Smart Cities. This SEG is now 

identifying the many electrotechnical 
systems that are found in cities, with a 
view to integrating and optimizing them

Then come Systems Committees
Once the SEG has completed its 
mandate it may be transformed into a 
SyC or Systems Committee. One of my 
tutors used to call this the ‘helicopter 
view’ and I think that this is a very good 
description – it’s not the ground-level 
view, it’s a view from altitude.
 
The SyC will identify high-level 
interfaces, define reference 
architectures, use cases and 
functional requirements and prepare 
relevant Systems Standards. It will 
span multiple TC/SCs (Technical 
Committees/Subcommittees) and 
external organizations providing 
guidance on interface functionality and 
interactions within a system. However, 
while a SyC is to stimulate cooperation 
between individual TCs it doesn’t have 
the authority to impose or dictate 
solutions.
 
The SyC will have a TC-like 
membership with experts appointed by 
the IEC NC. It can develop and publish 
Systems International Standards and 
will function generally in the same 
manner as a conventional TC. There 
will be special procedures for the 
groups that are in liaison with a SyC.

Systems Resource Group 
supporting role
Last but not least, the Systems 
Resource Group, made up of systems 
experts, will guide the development 
of specialized tools and software 
applications that are needed by the 
System Evaluation Groups and later 
Systems Committees in their work.

Using the smartness of our cities
A snapshot of IEC Smart Cities work

IEC WORLD

“Smart Cities”...making optimum use of the 
infrastructure and resources of our cities



A key focus for IEC work in general and 
for Systems Standards in particular is 
increased cooperation. IEC Systems 
Committees not only require that TCs 
communicate and collaborate efficiently 
beyond their own specialist groups, 
but also that IEC brings in experts from 
other organizations outside of the IEC 
as needed.
 
IEC cooperates with all relevant 
organizations as equal partners, because 
today there is not a single organization 
that will be able to develop all that is 
needed by industry. We need to take on 
board good work that is out there.

Working smart
e-tech: Can you explain the Systems 

Evaluation Group on Smart Cities work?

Sheldon: SEG 1 on Smart Cities, 
which has been active for about five 
or six months, has had two meetings 
so far and will have a third meeting in 
September. The Smart Cities Group 
is currently preparing a reference 
architecture and standardization 
roadmap in cooperation with different 
organizations.
 
Specifically they are looking at 
liaisons both within the IEC and 
outside the IEC – this includes 

groups such as ISO/IEC JTC1, ITU-T 
(International Telecommunication Union 
Telecommunication Standardization 
Sector) and at the European level, 
CEN-CENELEC SSCC (Smart and 
Sustainable Cities and Communities) CG 
(Coordination Group).

Working Groups established
SEG 1 has created a set of WGs 
(Working Groups) responsible for 
individual city scenarios, based on 
specific city challenges. One of their big 
tasks is to create an inventory of existing 
standards, as well as a collection of 
to-be-defined terms and definitions, 
reference architectures, and roadmaps.
 
The seven Working Groups that were 
approved at the recent SEG 1 meeting 
in Berlin are: city service continuity, 
urban planning and simulation system, 
city facilities management, use case 
– smart home, use case – smart 
education, smart cities assessment, 
standards development for smart cities 
using the city of Johannesburg as a 
piloting benchmark for smart cities 
implementation.
 
The Working Groups’ results will 
become the core part of SEG 1’s final 
report to SMB.

Task Groups underway
There are TGs (Task Groups) working 
on special tasks in relation to Smart 
Cities. The Working Groups and Task 
Groups will work closely together, 
sharing working drafts in order to 
ensure a consistent approach.

The three SEG 1 TGs are TG 1: 
Inventory of existing standards,  
TG 2: Reference architecture 
model and supplemental research 
and TG 3: Roadmap based on the 
recommendations of WGs and TGs.

Future recommendations
e-tech: What happens then?
Sheldon: SEG 1 will prepare a roadmap 
document to be presented to the SMB 
with a recommendation on whether or 
not this SEG should be converted into 
a Systems Committee. Their objective 
is to make this recommendation to the 
SMB in the first half of 2015.

White Paper in production
In parallel, the IEC MSB (Market 
Strategy Board), which brings together 
Chief Technology Officers of leading 
international companies, is preparing 
a White Paper on Smart Cities. It will 
outline how cities can move towards 
“smartness” and the new business 
models that need to be put in place, as 
well as identifying the value, cost and 
benefit of standards in these processes. 
The main aim of the White Paper is to 
guide all relevant stakeholders towards 
integrated solutions that are going to be 
accessible, affordable and sustainable.
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IEC Smart Gity work is using a systems approach… (Photo: Shibuy cross-walk, Tokyo, Japan)

...as so many aspects of cities are 
interconnected (Photo: Chicago’s public bike 
share scheme)



Janice Blondeau
With global energy demand forecast 
to increase by 33% between now 
and 2025, the IEC co-hosted 
a workshop on International 
Standards in support of energy 
efficiency and renewable energy 
policies in Paris on 13 March 2014.

Changes on the energy horizon
To support the global economy 
and mitigate the effects of climate 
change, scaling up both EE (energy 
efficiency) and RE (renewable energy) 
is crucial. The workshop, co-hosted 
with IEA (International Energy Agency) 
and ISO (International Organization 
for Standardization), brought 
together policymakers, international 
standardization organizations, industry 
and other key stakeholders to address 
how they can work more closely together 
on these two key aspects of meeting 
the energy challenge. The workshop 
participants stressed that only when 
private and public stakeholders work 

hand-in-hand will it be possible to put in 
place technology-independent decision-
making processes, well-designed policies 
and the right technology systems.
 
As part of these efforts International 
Standards are essential to create the 
certainty and clarity needed for market 
development and to allow investors 
to develop viable business models. 
In addition, a combination of effective 
energy policies and private sector 
investment in clean technologies 
is needed to move towards more 
sustainable energy systems.

Scaling-up with policies and 
standards aligned
The workshop made a series of 
recommendations for the scaling up of 
these two vital areas.
• International standards should 

be used in support of EE and RE 
policies. Most if not all technical 
solutions are globally relevant 
so needs identified nationally or 

regionally should be brought to 
the international level as soon 
as possible to support global 
advances in EE and RE.

• Public and private sectors should 
work hand-in-hand. For industry 
it’s important that the marketplace 
has a level playing field and for 
policymakers it’s important to reduce 
risk, without hindering the market. 
International standards should be 
developed in response to policy 
ambitions and conversely, policy 
may also be influenced by technical 
developments. Working in alignment 
on a global scale will accelerate 
advances in EE and the use of RE.

• Transparency and collaboration 
are key. Many efforts are underway 
to map policy and standardization 
needs in EE and RE. An early 
exchange of information at the 
international level between the 
policymakers and the standards 
developing organizations 
would enhance alignment. 
A more proactive, targeted 
outreach by standardization 
bodies and policymakers is 
therefore encouraged to improve 
communication and interaction.

• Systemic and holistic approaches 
are necessary. In the words of 
Lord Kelvin “if you can’t measure 
things, you can’t improve them”, but 
measuring something is only the very 
first step towards finding a solution 
that will make a difference on the 
ground. Nowadays, standards need 
to cover topics such as installation, 
operation and maintenance as well 
as performance and safety. Cross 
sector approaches should be used as 
efficiencies typically show up across 
the whole system.
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Public and private sectors need to work hand-in-hand to advance energy efficiency and 
renewable energy standards

Scaling up efficiency and renewables
through standardization
Call for policy makers to work more closely with International Standards 
Development Organizations
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• Coherent direction is required. 

Governments need to be clear 

about the policy objectives for EE 

and RE and should align policies as 

far as possible so that international 

standards can be developed in 

support of these goals.

Practical ways to address the 
energy challenge
In this equation, the IEC provides the 

solid technical foundation that enables 

the safe and consistent roll-out of 

the large majority of electrical and 

electronic technology solutions that 

achieve concrete energy efficiency 

improvements.

 

The IEC believes that smart 

electrification – the intelligent and 

economic use of electricity as a major 

energy source – will be one of the 

most significant factors in addressing 

the energy challenge and increasing 

energy efficiency. In this sense, building 

energy efficiency directly into devices 

and systems must be a key goal to 

significantly and consistently reduce 

energy consumption.

An IEC perspective
At the workshop, the growing role 

of International Standards in policy 

development was presented by Richard 
Schomberg, Chairman of the IEC 
Smart Energy Systems Committee, 
 of IEC TC (Technical Committee) 8: 
System aspects for electrical energy 
supply, and of IEC PC (Project 
Committee) 118: Smart Grid User 
Interface. He gave practical examples 
of a systems approach to energy 
efficiency and Smart Grids.
 
Ralph Sporer, chair of IEC ACEE 
(Advisory Committee on Energy 
Efficiency), spoke about IEC’s on-
going energy efficiency  

developments and perspectives. 

Frank Ormel, of IEC TC 88: Wind 

turbines, spoke about the new IECRE 

(IEC Renewable Energy Conformity 

Assessment System).

Making new energy solutions 
marketable
The IEC provides the large majority 

of technical International Standards 

for the safe, reliable and efficient 

generation and transmission of 

electric energy from traditional and 

all renewable energy sources. The 

share of renewable sources in energy 

generation is forecast to reach nearly  

a third of total generation by 2035.  

IEC work provides the globally relevant 

solid technical foundation to make new 

energy solutions broadly marketable. 

It helps increase the reliability and 

affordability of new technologies, and 

enables performance comparisons with 

existing technologies.

 

The IEC remains committed to 

advancing International Standards 

for energy efficiency and renewable 

energy, in close consultation with 

policymakers, as part of its efforts to 

provide solutions to the global energy 

challenge.

IEC WORLD

How standards can help advance the implementation of energy efficiency…

...and renewable energy was the theme of the IEA IEC ISO workshop
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Janice Blondeau
For the IEC Young Professionals 
programme 2014 workshop,  
IEC NCs (National Committees)
have until the end of July to register 
participants, selected at national 
level. The 2014 workshop will be held 
in Tokyo, Japan, in November during 
the IEC General Meeting.

Go ahead, Get ahead
It is an ongoing IEC priority to expand 
its expert community to involve more 
and more qualified people. To date 
211 participants from 40 countries 
have participated in the IEC Young 
Professionals programme since it 
was launched in 2010. With the same 
objective, many National Committees 
have launched their own programme 
based on the same approach.
 
The IEC (YP) Young Professionals 
programme, in its fifth successful 
year, provides a springboard for 
further involvement in electrotechnical 
standards and conformity assessment 
work. The programme is geared 
towards younger professionals whose 
work already encompasses the 

use of electrotechnical standards; 
professionals with technical, 
managerial and engineering skills.

A unique way to experience 
standardization from the inside
The response from participants 
and their companies from previous 
workshops has been positive and 
enthusiastic. Participants say they 
have come away from the three-
day workshop with a deeper 
understanding of the standardization 
process, a broadened technical expert 
network and the satisfaction of feeling 
part of the bigger IEC world. The 
networking opportunity with experts in 

similar fields of activity is particularly 
valued by participants.
 
“Being a Young Professional at the 
IEC General Meeting has a lot of 
benefits. On the professional side, you 
get to know a lot of very interesting 
people who work in all the Technical 
Committees. They are very open to 
answer your questions...you can build 
yourself a very useful professional 
network.”  
Florian Spiteller, Germany

Tomorrow’s leaders
The IEC Young Professionals 
programme also provides capacity 
building to help participants to 
become tomorrow’s leaders in the 
world of international standardization 
and conformity assessment. 
Participants have the opportunity to 
meet key management, from  
IEC Officers to members of the SMB 
(Standardization Management Board) 
or of the CAB (Conformity Assessment 
Board). They can also observe a  
TC (Technical Committee) meeting.
 
“Participating in the IEC Young 
Professionals workshop was a great 
experience. I gained a good overview 
about how the IEC works and how a 
standard is made from the beginning. 
Also, the opportunity to participate in a 
real Technical Committee meeting was 
really interesting and inspiring.”
Maria Cecilia Oliveira, Brazil

Seeing IEC in a different light
Participants’ prior experience of 
standardization is varied. Some 
have a broad understanding of the 
processes involved and have worked 
in TCs. While some participants may 
use International Standards in their 

The IEC Young Professionals programme 
introduces up-and-coming experts… (Photo: 
2013 workshop, New Delhi)

Participants in the Young Professionals 2013 workshop in New Delhi, India

Calling tomorrow’s IEC leaders
IEC Young Professionals 2014 workshop registration open

IEC FAMILY



Zoë Smart

The month of May sees newly-
appointed Chairmen taking over 
the helm of TC 13: Electrical 
energy measurement and control, 
TC 33: Power capacitors and 
their applications, TC 35: Primary 
cells and batteries, TC 44: Safety 
of machinery - Electrotechnical 
aspects, and TC 122: UHV AC 
transmission systems.

Patrick Borgato, new Chairman of 
TC 13
The SMB (Standardization 
Management Board) has approved  
the nomination of Patrick Borgato  
as Chairman of TC 13: Electrical 
energy measurement and control  
for the period 1 May 2014 to 30 April 
2020.

Borgato, an engineer, has more than 
20 years’ experience in metering 
and is currently Product Line 
Manager for the worldwide market 
in C&I electricity metering at Itron. 
He has participated actively in 
standardization work since 1994 and 
is a member of AFNOR/UTE.

H.N. Nagamani, new Chairman of 
TC 33
H.N. Nagamani takes over the 
chairmanship of TC 33: Power 
capacitors and their applications as of 
1 May 2015 for a period of 6 years.
 
Nagamani has a Ph.D. in Electrical 
Engineering and has 31 years of 
experience with CPRI (Central Power 
Research Institute) in Bangalore, India, 
in the fields of research and testing 

daily work of testing and conformity 
assessment, they may have been 
less involved with the actual writing of 
Standards and the consensus-based 
approach used in preparing  
IEC Standards.
 
“Participating in these IEC Young 
Professional meetings has really 

helped me to understand how the 

standards get created... the amount of 

team work it takes, the importance of 

communication and the importance of 

networking with others.”

Ethan Biery, USA

Win-win environment

Enabling their employees to take part 

in the Young Professionals programme 

empowers companies to provide their 

staff with fast track access to the world 

of international standardization and 

conformity assessment, and boosts 

employees’ personal motivation. For 

employer organizations, as well as 

enhanced participation in standardization, 

other benefits also include expanded 

awareness of the company and increased 

potential for new contacts.

Young Professionals 2014 

workshop

For the Tokyo workshop, each IEC 

Member country can register two or 

three representatives, chosen via a  

NC selection process. More information 

about the IEC Young Professionals 

2014 workshop is available from 

National Committees and on the  

IEC website.
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...to the world on International Standards 
and Conformity Assessment (Photo: 2013 
workshop, New Delhi)

Feedback from more than 200 programme 
participants has been extremely positive 
(Photo: 2013 workshop, New Delhi)

New Chairmen have been voted to take over at 
5 IEC TCs this month

IEC FAMILY

May 2014 nominations
New Chairmen at the head of 5 IEC TCs (Technical Committees)
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and certification. She is currently Joint 
Director of the Power Capacitors 
Laboratory at CPRI. As well as her long-
standing involvement in standardization 
work, Nagamani is the author of over 
60 technical papers and is co-author 
of a book on “Partial Discharge Based 
Condition Monitoring of HV Equipment”.

Marcus K. Boolish, new Chairman 
of TC 35
Marcus K. Boolish takes over as 
Chairman of TC 35: Primary cells and 
batteries from 1 May 2015 to 30 April 
2020.
 
Boolish has a Bachelor of Science in 
Chemical Engineering and is Director of 
Technology at Energizer. Since 2011 he 
has been President of the Corporation 
for Battery Recycling. He has been 
involved in the work of TC 35 since 
2008 and in 2006 was awarded the IEC 
1906 Award for his achievements in the 
field of standardization.

Patrick Gehlen, new Chairman of 
TC 44
Patrick Gehlen has been appointed 
Chairman of TC 44: Safety of 

machinery – Electrotechnical aspects 
for the period 1 May 2014 to 30 April 
2020.
 
Gehlen has been with Siemens since 
1988 and is currently involved in 
application and product management 
related to functional and machinery 
safety. For the past several years 
he has also been working in 
standardization management for 
safety of machinery, functional 
safety and protection against electric 
shock. Gehlen is member of a 

number of national and international 

standardization organizations.

Liangzhong Yao, new Chairman of 

TC 122

Liangzhong Yao is taking over 

as Chairman of TC 22: UHV AC 

transmission systems for a period of six 

years, beginning on 1 May 2014.

 

Yao has a Ph.D. in Electrical  

Power System Engineering and is  

Vice President of China Electric Power 

Research Institute (CEPRI) working 

in the areas of renewable energy and 

smart grid technologies, EV integration 

into the grid, energy storage, HVDC 

and FACTS technologies. At present, 

he is working on the intercontinental 

power transmission project base on 

the UHV transmission technology 

for large-capacity and long-distance 

transmission. Yao is Associate Editor 

of “IET Renewable Power Generation” 

and has published over 160 journal and 

conference papers and co-authored  

4 books.

Extensions

The SMB has approved the extension 

of the term of office of Valter Loll, 

Chairman of TC 56: Dependability for 

the period 1 May 2014 to 30 April 2017.

IEC FAMILY

Chairmen are responsible for the overall management of the TC…

...and ensure the establishment and ongoing maintenance of the TC strategic business plan



Janice Blondeau
The work of the IEC to develop and 
publish International Standards 
to enable switches, plugs, cables, 
sensors, connectors, resistors and 
capacitors to fit and work safely 
together across energy generation, 
transmission, storage, right down 
to individual devices is well known. 
What is perhaps less recognized 
is IEC’s role as the global platform 
that helps keeps the lights on – a 
role that underpins many aspects 
of our daily lives.

A new Energy zone on the IEC 
website which showcases IEC’s 
energy-focused achievements, and 
the benefits that standardization 
brings, has just been launched.

Wherever there’s electric energy, 
the IEC is present
Modern life is unthinkable without 
electricity – it transforms lives. Electricity 

Issue 04/2014 I e-tech 33

IEC’s role as the global platform that helps keep the lights on is highlighted

The Energy website zone showcases IEC’s energy-focused achievements and the benefits of 
standardization

IN STORE

Keeping the lights on
New website Energy zone highlights IEC’s key role
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IN STORE

lights homes, offices and public spaces, 
drives information and communication 
technology, enables financial 
transactions and powers gadgets and 
mobile phones. IEC work covers the 
devices that use electricity at home, in 
the office, in healthcare facilities or public 
spaces, as well as the components from 
which they are all built.
 
IEC International Standards and 
Conformity Assessment Systems 
cover all facets of electrical energy 
generation, distribution, storage and 
use; including manufacturing, Smart 
Grid, smart cities, smart buildings, 
and e-mobility. They allow millions of 
components, devices and systems 
that use or produce electricity or 
contain electronics to work safely with 
each other everywhere in the world.

Insights into the whole energy 
chain

The new website Energy zone on 
the IEC website provides insights, 
including colourful photos, of how 
the IEC and the almost 14 000 
experts who participate in its work 
are committed to bringing reliable 
and safe electricity to the world. 
Real life examples are presented 
with reference to the relevant IEC 
Technical Committees and Conformity 
Assessment schemes.

Standardization as a facilitator
It shows how IEC has led the way in 
establishing International Standards 
for transmission, connection and 
use, and how it provides detailed 

technical guidance for implementers 
of emerging systems such as off-
grid small-scale sustainable energy 
initiatives. IEC’s primary drivers 
are safety, energy efficiency and 
systems compatibility, thus enabling 
safe and economic use of electrical 
and electronic goods and services 
wherever they are needed.
 
The Energy zone covers the main 
areas of the IEC’s work – generation, 
T&D (Transmission & Distribution), 
storage, components, connectors, 
cables and switches. Also shown 
is work in interoperability, safety, 
EMC (Electromagnetic compatibility), 
terminology, and the environment and 
hazardous substances.

IEC International Standards and Conformity Assessment Systems underpin many facets of our daily lives
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EDITORIAL FOCUS - PREVIEW

Electrical Energy Storage

The focus of issue 05/2014 of IEC e-tech will be on energy storage.

EES (Electrical energy storage) systems are essential to the development 
and functioning of Smart Grids and microgrids. As the share of intermittent 
renewables is growing in our energy mix, storage becomes ever more important 
to balance energy supply and demand. In addition to traditional storage sources 
such as batteries and pumped hydro, other technologies relying on molten 
salts, fly-wheels or compressed air are gaining ground.

Issue 05/2014 will also take a closer look at several energy harvesting 
technologies. As smaller, and now increasingly wearable, devices 
need autonomous power sources, energy harvesting, which relies on 
ambient background energy sources, such as temperature differences or 
electromagnetic energy, offers interesting prospects for these devices.

The piezoelectric effect, which converts mechanical strain into electric current or 
voltage, can be used to harvest energy in many forms, such as in walkways or 
in shoes to recover the kinetic energy of walkers, using piezoelectric materials. 

Supercapacitors are very useful in applications where a large amount of power 
is needed for a relatively short time and where a very high number of charge/
discharge cycles or a longer lifetime is required. They are being used more and 
more widely in automotive applications, where they sometimes replace traction 
batteries. 

Several IEC TC/SCs (Technical Committees/Subcommittees) are developing 
International Standards for these technologies.

Photo: Maxwell Technologies
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