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Green Values
Dear Reader,
In my region, the south-western part
of Finland, it is the time of the year
when the first flowers, crocuses in my
case, have already shown that they
survived the winter. In Nordic countries
there are large differences between
the seasons and most people appreciate that. Spring is often the favourite
season because of the fresh greenness that comes with it. In business
we also like and need changes. However, strategic shifts take shape much
slower than the seasonal changes. Being green in business requires a longterm commitment and hard work.
Elomatic has for years placed emphasis on and increased knowhow regarding efficient use of energy, reduction of waste, recycling of used
materials and bioenergy, just to mention a few. All that is often defined as
green values, is important for the next
generations, but it is undoubtedly also
beneficial for the current. Every design that reduces the use of energy
reduces costs and increases competitiveness. Every analysis that reduces
the number of prototypes required,
makes it possible to shorten the time
to get the product to the market. Every
design that saves material decreases
waste. Each technology that enables
the waste from one process to be utilized beneficially in another, increases
effectiveness.
This Elomatic News focuses on Elomatic’s Green Values. It will hopefully
inspire you to imagine how to take ad2

vantage of our innovations and innovativeness as a tool for you to grow your
(green) business value.
Luck follows hard work. We have
been working hard for our green values and success in general and that
is why we are surviving reasonably
well despite the current recession in
Europe. We are “lucky” that business
from BRIC countries is forming an increasingly important part of our turnover. Everyone who has set his/her target to develop international business,
knows that it is not easy. In our case, I
am proud to say that our international
business is developing well and that
all the managers are doing excellent
work. A challenge for us is to easily distribute our profound knowhow
throughout our office network. All our
customers should have access to all
our services.
I am acting as a stunt man in this
Elomatic News for the regular Chief
Editor Heikki Pöntynen. He is among
other things developing a new strategy for our Marine business. He should,
however, get all the credit for the content of this News.
Even if I am writing this editorial
on April Fool’s Day, we are not fooling
you, dear reader. We have a very valuable asset in our personnel and we
are ready to share it with our valued
clients!
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Call for environmental
services greater than ever
It is generally agreed that there
is a pressing need for sustainable consumption of the earth’s resources. Ultimately, the decision
and responsibility to consume sustainably is that of each individual
and should manifest itself in our
daily lives. Awareness of the impact of consumption is increasing and many actions have been
taken that are already improving
our use of resources. A concerted effort is nevertheless required
by authorities, business partners
and the global population in the
decades that lie ahead to produce
and consume in ways that are not
to the detriment of the environment
and society at large. For industry

the focus should not be on only
meeting regulations, but on how it
can do more and at the same time
improve profitability in a win-win
scenario.

T

he many conferences that have
been arranged internationally to
find a global solution to sustainable
resource consumption are testament
to the urgency and seriousness with
which the issue is being treated. One
of the driving forces is the United Nations, which arranges forums for discussing environmental issues.
The world’s environmental ministers held their annual meeting in Rio
de Janeiro, Brazil in February 2012.
The meeting ended in a commitment
to make the upcoming UN Conference

on Sustainable Development in June
this year a success.
The Governing Council of the Global Ministerial Environment Forum indicated that “time is not on our side”,
a clear sign that all parties need to act
with urgent purposefulness.
Energy is the backbone of our
modern society. People as well as industry and the economy are dependent on secure, reliable and sustainable
energy that can be supplied at a reasonable cost.
At the same time energy-related
emissions contribute to almost 80%
of the total greenhouse gas emissions in the EU. Energy is indeed one
of the largest challenges facing Europe in the 21st century. It will take
decades for safer and more sustainable energy systems to be developed.
3
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There is a pressing need to make
decisions quickly in this regard, as
consumers will bear the brunt of increased costs if an efficient and sustainable energy market is not created
in the near future.
This will also pose risks to European competitiveness. Energy investments in the region of € 1 trillion are
required to develop a diverse range
of energy production plants, renew
equipment and address the increasing and changing demand for energy.
(Energy 2020)
Energy demand
increasing sharply
Despite an uneven recovery in the
world economy since 2009, global primary energy demand rebounded by
5% in 2010, pushing CO2 emissions
to new highs. Global energy intensity
worsened for the second straight year,
in spite of efforts by many countries to
4

prioritize energy efficiency. In addition
the events at the Fukushima nuclear
power plant and the turmoil in parts
of the Middle East and North Africa
have cast doubts on the reliability of
energy supply.
Concerns regarding sovereign financial integrity have also shifted the
focus of government attention away
from energy policy and limited their
means of policy intervention. These
events bode ill for agreed global
change objectives. (World energy outlook.)
In 2007 the European Council
adopted ambitious energy and climate goals for 2020. According to the
goals the emissions of green house
gases need to be decreased by 20%,
in some cases even by 30%. The
share of reweable energy should be
increased to 20% and the use of primary energy reduced by 20%.
The long-term goal for the EU and
industrialized nations is to decrease
carbon dioxide emissions by 80–95%

by 2050. These goals were also implemented in the Europe 2020-strategy, a strategy for smart and sustainable growth for everyone, which was
adopted by the European Council in
June 2010. One of the main initiatives
is “A resource efficient Europe”.
Europe must act with speed to
agree on the tools needed to fulfill the
initiative and to ensure recovery from
the recession. It has to act swiftly to
set a course for a competitive, safe
and sustainable future.
Ambitious goals needed in EU
to ensure competitiveness
The EU member states’ national action plans for energy efficiency, which
have been developed since 2008, are
a great disappointment. The transition to using renewable energy and
increased energy efficiency in the
transport sector is proceeding too
slowly.
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►► The Elomatic Green Team devel-

ops new possibilities in energy
saving and emission reductions
and also keeps an eye on the sustainability of Elomatic’s own operations. The Green Team members
from left to right Mona ÅkerholmKaapro, Kirsi Lehtilä, Marina
Sjölund, Henrik Bachér, Lita Nordén and Heli Salonen. Members
not present in the picture: Perttu
Lamminen and Mikael Renström.

Europe has to set ambitious goals
in order to be competitive in the energy market. In 2011 the EU issued
a new energy strategy for 2020. The
new strategy focuses on the following
areas:
■■ Achieving an energy-efficient Europe
■■ Building a truly pan-European integrated energy market
■■ Empowering consumers and
achieving the highest level of safety and security
■■ Extending Europe’s leadership in
energy technology and innovation
■■ Strengthening the external dimension of the EU energy market
(Energy 2020)
The industry sector needs to incorporate energy efficiency objectives and
energy technology innovation into its
business models. The new Energy
Transfer Systems contribute significantly to doing so for larger companies, but there is need for wider use
of other instruments, including energy
audits and energy management systems in smaller companies and supporting mechanisms for small and medium-sized companies.
Efficiency benchmarking can indicate to companies where they stand
in efficiency terms in comparison with
their competitors. Efficiency, including
electricity use, must become a profitable business in itself, leading to a robust internal market for energy-saving

techniques and practices as well as
commercial opportunities internationally. A wide framework for resource efficiency would increase such savings.
(Energy 2020)
Green Team established
to develop environmental
solutions
At Elomatic the goal is to contribute to
this work by providing green services
to customers. In order to keep track of
innovations and new legislation in the
field of sustainable production and
consumption, a Green Team has been
established.
The team consists of people from a
range of different business fields that
combine their expertise to develop
new possibilities within energy saving
and emission reductions. They also
actively participate in Finnish forums
for sustainable business.
The Green Team is furthermore responsible for identifying measures to
improve the sustainability of Elomatic’s
own operations. Only by setting an example of sustainability, can consulting
companies credibly provide environmental services to their customers.

References
Energy 2020, The European Strategy for competitive, sustainable and secure energy
World Energy Outlook 2011, OECD/IEA, 2011,
International Energy Agency

About the author

Mona Åkerholm-Kaapro
M.Sc. (Process Engineering)
Ms Åkerholm-Kaapro holds a
Master’s degree in Process Engineering from Åbo Akademi University (1997). Since graduating
she has worked in process and
facility design as well as project
management with pharmaceutical
customers around the globe.
Ms Åkerholm-Kaapro currently
works as a Sales Manager in the
Elomatic Turku office.
mona.akerholm-kaapro@elomatic.com
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CFD in Environmental
Engineering
Computational Fluid Dynamics
(CFD) has become a popular tool
along with 3D CAD design in process and environmental engineering. The application areas are
limited mostly by the user´s imagination. Environmental protection,
energy saving and safety are key
issues when planning new production facilities or making changes to existing facilities. CFD tools
can help engineers see in places that are almost impossible or
very expensive to measure. Different ideas and set-ups can be tested virtually without generating any
environmental risks. Simulation is
also a cost effective tool to identify
bottlenecks or weak spots.

6
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mission levels and emission flux
are key issues when designing power plants and waste disposal
plants. CFD has become an excellent
tool in estimating variables, thanks to
improvements in both computer capacity and software quality. Emission
levels and emission fluxes can now be
estimated at the design stage, if design parameters such as terrain geometry, buildings and wind direction
and speed are known. CFD can also
be useful in estimating toxic emission
levels (dust, gas etc.), air conditioning
and temperatures inside production
plants. CFD analysis is by no means
restricted to new designs; existing
plants and facilities can be analyzed
with equal efficacy.
In addition to its applications in
emission control, CFD can also be
used in the design process of build-

ings, plants and machinery. The wind
effect, particularly in windy regions,
is often an important factor when designing new constructions. The designer can shape the construction
according to surrounding wind patterns that are calculated with the use
of CFD. Wind tunnel tests cannot be
used in these cases due to the exorbitant costs involved. It has become
important to consider local microclimates in rural areas when designing
buildings and this is done most efficiently by using CFD.
CFD identifying
energy savings
In process industries pumps and fans
play a big role in energy consumption.
Good energy efficiency is essential.

◄◄ CFD can offer detailed views

of heat exchangers. Regions of
poor performance can rapidly be
found and improved geometries
simulated, resulting in a more robust design with optimal heat exchange performance.

▼▼ Wind patterns in urban areas. Using CFD, detailed flow patterns
can be analyzed and accurate
emission flow paths can be predicted.

◄◄ Dust and particle removal in cy-

►►

clones can be predicted using
CFD. Optimized cyclone shapes
result in lower emissions.
Pumps and fans are nowadays
typically designed using CFD.
The geometry can be optimized
by environmental constraints, resulting in higher efficiencies with
lower levels of noise and vibrations.

7

►► CFD provides accurate predic-

tions of wind turbine performance. Full scale prototypes are
not needed, the full geometry can
be tested and optimized on the
computer screen.

▼▼ The flow patterns inside valves

can be predicted with CFD where
low pressure drops can be obtained by optimizing the valve
shape.

About the Author

Pump and fan manufacturers are
improving their products to achieve
better energy efficiency, but is this
enough?
Piping and processes are commonly designed based on hand calculations. Pressure levels can, however,
be optimized far better with CFD-tools.
This ensures that pumps and fans are
not oversized and operate with good
energy efficiency, which reduces
production costs resulting from decreased energy consumption. Furthermore, the life cycle of pumps or
fans might be extended as a result
of smaller strains during operation.
Optimized piping and correctly sized
pipes keep investment costs in check
by avoiding additional costs related to
oversized pipes and pumps.

8

Safety testing
Environmental risks and safety hazards can never be totally eliminated
when dealing with dangerous materials. The key question is how risk
caused by emissions can be minimized and how emission levels can
be accurately estimated. The risk itself could be a leak in an ammonia
container, or a hydrogen leak at a production plant. Proper risk assessment
must be done in these cases.
Using CFD analysis, both emission
levels and the speed of expansion can
be estimated at the design stage. In
the event of an explosion, the functionality of safety equipment can be
tested. This is a new and efficient way
of analyzing risks and an example of
how CFD is increasingly being used in
environmental engineering.

Simo Nurmi
D.Sc. (Tech)
Mr Nurmi graduated as an HVAC
and Energy Technology Design
Engineer in 2000, a Graduate Engineer in Energy Technology in
2003 and completed his Technical Doctorate in 2009. Mr Nurmi
has extensive experience in project management and high knowhow in computational flow dynamics, calculation and simulation
and analysis in customer projects.
Mr Nurmi currently holds the position of Leading Adviser (CFD)
and works at the Elomatic Turku
office.
simo.nurmi@elomatic.com
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Acoustic noise reduction
consultations for industry
The subject of acoustics is of great
importance in a wide range of industries where “noise” (unwanted
sound) is generally the focal point
of attention. Noise pollution is increasingly receiving attention as a
disruptive and harmful entity that
adversely affects the environment,
everyday life and labour productivity. Noise levels and noise damping measures can be evaluated by
conducting professional measurements and analysis and/or by simulating noise generation and attenuation. Based on the results of these
studies, designs can be optimized
and existing devices and environments altered to achieve acceptable and safe noise levels.

ranges in residential areas and their
environmental impacts. Other examples are found in building techniques,
such as the proper acoustic design of
churches, opera halls or offices and
meeting rooms. Optimum acoustic design plays a key role even in sensitive
micro-industries such as communication devices.
The acoustic design of industrial
and production facilities is crucial and
neglecting it can prove a costly error.
Noise reduction can be rather expensive and requires advanced technical
know-how. Exposure to harmful noise,
either gradually or in the form of sudden impulses, can cause severe injuries and prove costly for both the employer and employees. Prevention is
indeed better than cure!

here is a myriad of targets for
acoustic consultations such as
the emissions from noisy fans at industrial exhausts, noisy impellers on
ships, highways or even shooting

Meeting environmental
standards

T

All industries are required to meet minimum environmental standards with re-

gards noise pressure levels in order to
be certified by environmental authorities. The certificates are issued based
on acoustic measurements or simulations according to the rules that exist in
different countries. In Europe, for example, a request can be put in for these
tests (calculations or simulations) to be
conducted for any project during the
basic design or design review phases,
as well as for operating industrial plants
at stipulated intervals, or when authorities have received complaints from local communities.
Taking acoustic
measurements
The first phase for precise acoustic
measurement is the selection of the
most suitable acoustic measuring
device. The conditions under which
acoustic noise measurements are
taken vary greatly and several factors need to be taken into consideration before selecting the device.
9
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These include the contour of the
sound pressure level, the sound reflection (for reverberation time), the
sound absorption in various materials
or sound dampers, the sound impulse
tracking, the real-time spectrum responses as well as the acoustic measurement in diffuse or distant fields and
sound power for indoor or outdoor
cases. The acoustic measuring device
selection is therefore extremely important. Care should be taken to choose
a noise measuring device that has the
appropriate acoustic class, sensitivity
and microphones to fulfil the associated standards (for example EN/IEC
61672 A-weighting or IEC 60651 for
C/Z-weighting).
There are a number of ISO and
EN standards that govern acoustic
measuring methods in free and diffuse fields, both indoors or outdoors,
as well as for noisy equipment. The
acoustic measurements can be an average or maximum sound pressure
level that was logged over the time, in
order to follow real-time responses, a
sharp noise impulse sound pressure,
or a measured contour taken from an
array of measurement points.
Various noise-measurement parameters that indicate errors, such as
equipment responses, calibrations or
errors due to nearby reflecting walls
must be considered in order to produce a reliable measurement report.

▲▲ An example of a measured contour of an A-weighted decibel (dB A) sound
pressure level (SPL) obtained by an array of measurement points.

►► Measurement set-up in a multinoise source field.
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◄◄ A snapshot of a sound wave
contour (real part) computed by
acoustic and CFD simulation.

About the author

Acoustic simulations provide
detailed information
The motion of sound in air or in any
other material is studied with the help
of a wave equation, which is a particular type of Navier-Stokes equation that
is usually used in computational fluid
dynamics (CFD). Computer simulation of a real acoustic system is rather
complex as a result of the minuscule
calculation time intervals (of 10-8 order) used. This means that advanced
simulation methods and powerful
hardware are required for the generation of acoustic noise sources, pressure waves and sound propagation.
Simulations can be conducted using different techniques and accuracy
levels according to varying project requirements. There is, therefore, a vast
range of computational acoustic simulations and related results. Variations
exist for various frequencies, for example, in sound exposure levels, impulse
peak pressure levels, the contours of
sound pressure levels, noise attenuation in various materials or sound
dampers, as well as sound reflections
for reverberation times in diffuse or
distant fields.

Noise sources can be measured
(in the form of impulse, white or pink
noise etc.) and the pressure wave that
travels in the CFD domain can be analyzed. This eventually leads to the
identification of the various receivers’
exposures in the domain as well as the
efficacy of various sound attenuation
systems.
Tangible benefits for industry
The simulation results can be very
useful for many industries as they allow them to check various acoustic
effects in different scenarios in their
plant designs. For existing sites or machinery, noise defects can be identified and noise attenuation reviewed.
It also allows for cost evaluation of the
various sound attenuation techniques
to be done in advance. By adhering
to standards and conducting professional and systematic studies, industry
can reduce noise pollution in the environment and reduce the risk of injury
to employees, thereby improving longterm productivity and profitability.

Amir Shakib-Manesh
Ph.D., M.Sc., B.Sc. (Eng)
Mr Shakib-Manesh has been
working in the field of Mechanical Engineering and CFD for 20
years. He has received university
degrees in applied Physics, Energy and Mechanical Engineering (fluid and thermal). He has
successfully stress analyzed and
managed projects for the design
of hundreds of pressure vessels,
tanks, towers and industrial devices around the world. His specialty is computing complicated CFD
flows, sound and noise simulation
as well as structural stress analysis with FEM methods. His latest book, entitled “Computational
Flow Dynamics of Complex Fluids”, was published in 2011.
Mr Shakib-Manesh joined Elomatic in 2011 and is currently
working as a Senior CFD Specialist in the Technical Analysis department at the Elomatic Jyväskylä office.
amir@elomatic.com
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Material audits lead
to more efficient and
sustainable production
Manufacturing industry companies can achieve significant savings if they develop their material
efficiency. Efficient material use improves competitiveness, reduces
the use of natural resources and
energy and mitigates the environmental burden of industrial operations. Material efficiency audits
are a systematic way of identifying areas where efficiency gains
and savings can be achieved in
material flows. The savings potential is commonly as high as 20% of
the material flow, but savings of as
much as 30% have been recorded.
12
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n traditional cost accounting, material costs are fully allocated to manufactured products. According to this
approach all labour, energy, storage,
handling, transport and waste costs
are included as product costs. As a
result, product cost competitiveness
has traditionally been weak and is under ongoing pressure from rising raw
material and energy costs. In addressing this problem, the manufacturer’s
attention needs to be focused on more
efficient operations and use of materials; added value needs to be increased and waste reduced.
In order to identify areas of material waste, Demea GmbH in Germany,
and Motiva Oy in Finland, have devel-

oped an audit method that assigns
proportional raw material, labour, energy and general costs to waste materials. This means that product costs
do not have to carry weak material
efficiency costs as has traditionally
been the case. Waste treatment and
waste handling costs are also fully assigned to waste materials. With
the aid of this audit method the true
waste material cost is revealed. As
an outcome of the audit the manufacturer receives a clear picture of
production phases where significant
cost savings can be achieved by reducing material waste.
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A material audit example
A plant’s capacity is 30 000 pieces of machined castings a year.
The casting weighs 200 kg and after machining the finished product
weighs 175 kg. Machining therefore removes about 12% of the
casting material. By studying the
mould tolerance and by redesigning the mould 5 kg of material can
be saved per piece.
Final outcome:
■■ amount of metal chips is reduced by 150 000 kg a year !
■■ 2,5% saving in raw materials
cost
■■ 2,5% saving in labour cost
■■ 2,5% saving in electricity, cutting coolant and maintenance
costs
■■ 20% saving in waste handling
and transport costs
■■ 20% saving in oily waste cost
■■ 20% increase in machining capacity

How is a material audit
conducted?
The manufacturer needs to cooperate
with a certified auditing organisation
to complete the audit, during which
the auditing company’s expertise and
the experience and knowledge of the
manufacturer’s employees are drawn
upon. Material audits examine material
flows and related costs and evaluate
the added value contained in finished
products. Areas where improvements
can be made are identified and their
savings potential evaluated based on
the material balance. The company’s
employees take part in identifying possible savings measures and creating
the practical solution models required
with the auditing company. The manufacturer is presented with the required
measures that need to be taken and
the related savings at each potential

savings point that can be achieved.
Material audits have a proven track
record as efficient tools in reducing
material waste and costs in small and
medium-sized companies with prominent direct labour and raw material
costs.
Germany leading the way
Material audits have been conducted
in Germany for ten years already and
the country has gained valuable experience in implementing material audits
and of the related savings achieved
for small and medium-sized companies. The largest savings achieved in
Germany to date, as a percentage of
turnover, have been 6% for small companies (turnover 2–5 M€) with average
savings of 2,5% in all audited companies.
Together this relates to a savings
potential of about 20% of raw materials costs, i.e. €100 billion a year of the
whole country’s material costs of €500
billion year. In Finland such material
audits have only recently been started and as such very little documented
evidence exists of implemented savings. According to Statistics Finland,
Finnish industry could potentially save
€7 billion a year in material costs if the
results are comparable to Germany.
The Finnish government has also set a
goal to draw up a national program for
material efficiency and the sustainable
use of natural resources and is ready
to provide grants to companies in order to promote its use. Motiva Oy is
currently drawing up a material audit
program that should start up in 2013
in Finland.
Savings pave way for a more
sustainable future
As a result of global warming and
broader climate change, it has become a matter of urgency for industry
to play its part in reducing the harmful effects of its operations on the environment. In the case of material audits, this can be done while enhancing

efficiency and profitability in a win-win
scenario, something which management boards and shareholders should
find hard to resist. What is required is
a change in mindset, from one that
sees environmental legislation as hampering profitability, to one that can facilitate and sustain it.
Material audits not only lead to reduced raw material and natural resource consumption, but also save labour and energy costs, all of which
reduce the amount of CO2 emissions
and environmental burden. As an additional positive spinoff the manufacturer’s environmental image is enhanced in the eyes of customers and
other interest groups.

About the author

Arvo Viertola
B.Sc.(Mechanical Engineering)
Mr Viertola has extensive experience in product and production
development as well as production flow improvements. He has
participated in several factory development projects and conducted a wide range of project management and production start-up
tasks in Finland and abroad.
Mr Viertola’s is also an experienced employee trainer. He joined
Elomatic in 2011 and currently
works as a Senior Consulting Engineer.
arvo.viertola@elomatic.com
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Four phases to success
– optimizing ship retrofit
projects
Tough challenges lie ahead for the
maritime industry in the coming
years as a consequence of international environmental legislation,
which is becoming increasingly
stringent and applies not only to
new vessels, but to the world’s entire merchant fleet. This means that
tens of thousands of ships will have
to be retrofitted with environmental
technology in the near future, in order to meet the requirements.

B

allast water treatment solutions
and exhaust gas emission abatement technologies, such as sulphur
scrubbers and selective catalytic reactors (SCR) to reduce nitrous oxides,
represent focal retrofit installations.
The retrofit installations will require
significant investments from shipowners and operators and early planning
will be essential in this regard. A carefully planned and executed retrofit
project saves money and minimizes
14

installation time, while ensuring legislation compliance, safe operation and
maintenance friendliness. Four distinct
phases required to optimize ship retrofits can be identified and each requires our careful attention.
Phase 1
Choosing the best solution
The selection of the most suitable retrofit solution is undoubtedly one of the
most important decisions for the shipowner or operator to make in order
to ensure a successful result. A shipspecific solution requires extensive
cooperation between the ship owner, environmental technology supplier and engineering and design partner. The task is challenging as every
ship is unique. There are many performance, technical, operational and
economical considerations that have
to be taken into account when deciding which solution to implement.

Some technologies are still under development and little operational experience exists, which renders the decision making process rather complex.
It is advisable for shipowners and operators to team up with independent
partners that have thorough knowledge of ship design and equipment
technology, as well as of environmental legislation, to assist them in making and implementing the right decisions. Exhaustive comparisons of the
various technologies and solutions as
well as evaluations of their technical
and cost implications should be conducted. Only once this has been completed, should the solution and equipment be selected and procured.
A certain degree of preliminary
design is beneficial and often even
necessary at this stage of the process, in order to have all the decision
support needed. An onboard survey
should also be conducted along with
measurement verification to secure the
starting point.
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Four phases to success – the optimized retrofit process

Main considerations
Technical
Operational

Phase 1
Choosing the right solution

■■
■■
■■
■■

Technology suitability evaluation
Integration consequences
Supplier selection
As-built verification (e.g. laser scanning)

Phase 2
Custom-made integration design

■■
■■
■■
■■

Integration design
Main schemes
Classification documentation/approval
Naval architecture aspects

Phase 3
Detail design for cost effective solutions

■■
■■
■■
■■

Workshop drawings
Part lists
Material specifications
Procurement, contracts

Phase 4
Optimized installation

■■
■■
■■
■■

Prefabrication
Logistics
Management, supervision
Comissioning,start up

Economical
Fleet common

Installation
considerations
At yard/alongside
In traffic
Individual contracts
Turn-key solution
(yard or supplier)
EPCM

Phase 2
Custom-made integration
design
It is of utmost importance to do proper
integration design and consequence
analyses of possible modifications to
existing structures and equipment at
an early stage of the retrofit project.
This ensures that the most cost effective solutions are implemented. The
verification of existing structures and
measures plays a key role. In retrofit projects for older vessels, updated
as-built drawings and documentation
may not be available and the space
intended for installing the new, sometimes bulky environmental technology, will most probably be extremely
crowded.
An accurate 3D model of a ship
can be easily created by laser scanning spaces and areas intended for
the new equipment. This forms an exact basis for reliable design and allows the proper comparison of differ-

ent solutions and their consequences.
In some cases, it is beneficial to carry
out scanning already in phase 1, if the
space available onboard is particularly critical. This minimizes the number
of ship visits and ensures that design
work can be carried out reliably at the
office.
It should be emphasized that a 3D
design is not a means in itself; it is,
however, advantageous when preparing detailed design, which forms the
basis for manufacturing. 2D designs
may be sufficient in less complex cases where well prepared up-to-date
drawings are available.
Phase 2 includes basic design as
well as the compiling of necessary
documentation and schemes for classification approval. Electrical balance
analysis, strength and possible flow
analysis and calculations, as well as
various system integration principles
such as automation are also part of
this phase. Meticulous design eliminates mistakes and surprises during

the installation phase and allows a
high degree of prefabrication, which
consequently saves costs.
Phase 3
Detail design paves the way
for cost effective installation
The detail design phase includes the
preparation of isometric drawings
of e.g. piping systems, construction
drawings for steel structures and foundations, as well as other integration
drawings. Part lists and material specifications are also developed at this
time.
The part lists and material specifications form the basis for component
and material procurement. The higher
the degree of accuracy in detailed design, the more parts, components and
modules can be prefabricated, which
enables faster installation onboard.

15
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Phase 4
Optimized installation
The installation of equipment and related systems is usually carried out by
a repair yard or dedicated contractor. Equipment suppliers may also offer installation work. It is important to
minimize the off-hire period of the ship
and modification designs should take
this into account. Ideally retrofit work
is conducted during a scheduled service docking, but this is not always
possible, as the ship’s docking program may be in conflict with the legislation compliance schedule. In such
cases installations at sea become an
attractive option.
The alternative technical solutions
are, however, reduced in this case,
since some technologies require such
extensive work that the ship may not
be operated during installation. In
these cases shipyard services and
infrastructure are non-negotiable. The

consequences of an installation at sea
should be taken into account already
in the early design stage. High demands are placed on planning transportation routes on board, the prefabrication of parts and specification of
components as well as on the logistics
related to the process.
Serving all partners within
the maritime industry
Due to the large number of ships that
will be involved in retrofits around the
world in the near future, equipment
supply, design and engineering capacity as well as installation capacity
may become very critical. It is therefore of great importance for shipowners and operators to indentify reliable
partners in good time, in order to ensure available capacity.
In addition to serving ship owners
and operators, engineering and de-

sign partners extend their retrofit related services to equipment suppliers, shipyards, installation contractors
as well as other stakeholders within
the maritime community. The extent
to which the services of the various
retrofit phases are needed, may vary
from stakeholder to stakeholder. The
four phases to a successful retrofit
project, however remain the same, regardless of the parties involved.
The articles on the following pages
shed more light on various environmental technologies and solutions introduced in this article.
About the author

►► Retrofit work should ideally be
carried out while the vessel is in
port for scheduled service docking to minimize the off-hire period. If this is not possible installations at sea can be considered,
but this markedly reduces the feasible alternative solutions that can
be employed.

▼▼ Laser scanning can be used to

produce accurate 3D models for
use in retrofit projects if as-built
drawings and documentation are
not available.

Henrik Bachér
M.Sc. (Naval Architecture)
Mr Bachér’s professional career
originates in the Finnish shipbuilding industry which he served
for a decade and from where he
moved on to serve the shipping
industry for more than two decades. His experience covers competences from technical development and project management to
marine management of the most
advanced passenger vessel fleet
in the Baltic. He has been a pioneer in developing environmental management for the maritime
industry and in adopting environmental impact reducing technology on a number of ships. Henrik Bachér joined Elomatic in late
2008 as Vice President, Consulting & Engineering.
henrik.bacher@elomatic.com
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Getting ballast water
treatment solutions right
It appears increasingly likely that
the “International Convention for
the Control and Management of
Ships’ Ballast Water and Sediments 2004” will come into force
in the near future. The minimum
amount of countries needed have
already ratified the agreement, but
there is some way to go before the
tonnage requirement is fulfilled.

T

he combined tonnage of countries that have ratified the convention is a noteworthy 26,5% of the
global commercial shipping tonnage.
According to the International Maritime Organization’s (IMO) principles,
the convention comes into force one
year after at least 30 countries, representing no less than 35% of global
commercial shipping tonnage, have
ratified it. If Panama, with its significant
number of commercial vessels ratified

the agreement, for example, the tonnage requirement would be met.
Ballast water is used on ships mainly to achieve the right draught and position and to reduce stress on the hull
beam of the vessel. Over 10 billion litres of ballast water is transferred every
year around the globe. In 2004 the IMO
proposed a draft agreement aimed at
preventing the transfer of harmful organisms contained in ballast water between different marine environments.
Introduced species have harmful ecological effects on marine environments
that lead to financial losses to the tune
of €100,000,000 per year.
Plan investments
well in advance
When the International Ballast Water Management Convention comes
into force it will herald the start of

a particularly frantic period for the
world’s shipowners, equipment suppliers, engineering offices, repair shipyards and installation contractors. In
the space of a few years all vessels
that sail internationally will install ballast water treatment equipment onboard. According to some predictions
the amount of vessels could be over
16,000 a year, i.e. 40 per day! The implementation time schedule depends
on the vessels’ construction year and
ballast water capacity.
When the convention comes into
force all vessels built after 2009, with
ballast water capacity under 5000 m3,
will be required to install new equipment immediately. The requirements
naturally also affect all vessels that are
currently being built. The tight schedule will in all likelihood lead to a lack
of capacity from equipment suppliers, designers and installation contractors. It is therefore imperative to
17
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◄◄ Cholera bacteria concealed in

make the investment decision well in
advance, which will also allow for more
controlled cost management.
Several factors however make the
investment decision rather difficult.
Treatment technologies are still developing into a more effective and costefficient direction, which makes a convincing case for playing the waiting
game. Increased demand will, however, place upward pressure on equipment pricing with the same being true
for design and installation work. The
decision is complicated further by the
fact that some American states may
have more stringent disinfection requirements than those under the international convention. Requirements
of a 100 times and even more stringent have been proposed. At least at
the outset, harmonization with IMO requirements is expected.

Treatment technologies
on the market
The treatment systems aim to prevent the transfer of organisms in ballast water that are ecologically harmful and detrimental to the economy.
There are many more organisms in our
seas than are currently known; many
of these are local. In their own environment the organisms are part of a
natural ecological chain.
Several problems come to the fore
when foreign organisms are introduced via ballast water into new marine environments. For some of these
organisms, the new environments present ideal living conditions and have
spread explosively, doing damage
to the environment and human-built
systems. The most aggressive organisms have been dubbed as “Ten of the
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plankton can be carried in ships’
ballast water from polluted harbours and discharged with devastating effects under the right
conditions. Cholera is potentially deadly and causes intestinal
disease with acute diarrhea and
vomiting.

Most Unwanted”, and include organisms such as cholera, toxic algae and
zebra mussels.
Both mechanical treatment systems
and systems that use active substances, such as chemicals, have been developed to treat ballast water. At the
moment there are 17 Type Approved
(TA) ballast water treatment systems
on the market that are registered by
the IMO. More approvals are currently
being processed. TA is granted to the
entire system that is installed onboard
and connected to the vessel’s ballast
water system.
Different chemicals can be used to
eliminate the organisms, but require

▼▼ The international Ballast Water
Management Convention implementation schedule

2012
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2015

2016

D2
D2
D2
D2
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►► Zebra Mussels in the Maryland

testing before permission for their use
is granted (Basic Approval, Final Approval). The TA process can start once
the system has been biologically tested and approved. For the whole system to be approved, regardless of the
technology in use, sea trials have to
be conducted. Only after this can TA
be granted. All tests are performed
by an IMO authorized laboratory. The
TA authority is the flag state that may
authorize a classification authority to
submit the procedure after a successful laboratory and ship test. The IMO
finally recognizes the system as Type
Approved in their records at official
IMO meetings.
Currently approved chemical systems include ozone, electrolysis and
oxidation reactions. Chemical treatment is often combined with a filter,
but the solution is not used in all situations, even if this reduces the amount
of chemicals involved in the process.
UV treatment, on the other hand, is
always used in conjunction with filters, as they assist in removing larger
organisms, which reduces the power needed. With the help of UV light,
which is considered to be a mechanical treatment method, the remaining
organisms can be effectively eliminated. Oxygen removal systems are also
Type Approved. Ballast water treatment systems are roughly split down
the middle, i.e. there is about the same
amount of systems that use UV light
with filters as systems that use chem-
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Coastal Bays. Originally from Russia, this freshwater mussel is one
of the “Ten most unwanted” and
has become an invasive species in many countries around
the world. Zebra Mussels disrupt
ecosystems and damage harbors, waterways, ships and boats
as well as water treatment and
power plants.

icals. These are the most common
technologies chosen for the systems.
There are, however, also systems that
combine technologies. All the aforementioned systems have been observed as being effective in laboratory and ship tests.
Unfortunately, not much attention has been paid to the efficacy of
these methods in fresh water. Especially ports situated in the estuaries
of rivers are in reality large fresh water pools. Many stakeholders, involved
in the market, are currently questioning the efficacy of the treatment systems in different marine environments.

Equipment suppliers are finally beginning to provide answers in this regard.
Choosing the right technology
a demanding task
Choosing and installing the right treatment technology is a demanding task.
Machinery and pump room spaces
are more cramped than ever and in
choosing the right system many different factors need to be taken into consideration. The vessel type, operation
area and associated water quality as
well as the ballast water operational

Main considerations in choosing a BWT system

■■ Ship type
■■ Operational area, water qual■■
■■
■■
■■

ity such as salinity, turbidity and
temperature
Ballast operational profile,
use of gravity, volumes and
flow rates
The possible need to treat the
water both at ballasting and
de-ballasting
Size and footprint of the system
in relation to available machinery space
Available electrical power
onboard, the vessel’s
electrical balance

■■ Special Ex-requirements for
tankers

■■ Possible chemical storage
■■
■■
■■
■■
■■

spaces and handling needs,
treatment of by-products
Integration of the new equipment into the existing ballast water system including automation
Materials, corrosion aspects
Installation aspects; possibilities
to minimize the off-hire period
Maintenance and crew training
needs
Total cost of ownership;
capital expenditure and operational costs during the vessel’s
remaining life span.
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◄◄ Water conditions vary greatly and
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affect which ballast water treatment systems are most effective.

profile and power demand are key issues. The ballast water operational
profile refers to the frequency of use,
the amount of ballasting and de-ballasting rates. Flow rates may vary from
a hundred cubic metres per hour to
over ten thousand cubic metres. Technical matters that require special attention are the space required and the
weight of equipment as well as related
power requirements.
Material selections and integrations
with existing systems are important
factors. Tankers have special requirements with regards to installed systems, as they may have two separate
ballast water systems and their construction specifications also dictate
where ballast water treatment systems
can be placed. In addition the vessels’
Ex-classifications have to be taken into
consideration.
From an operational point of view
the equipment reliability, ease of maintenance, global availability of spare
parts and cost over the lifespan of the
systems are crucial factors. The training requirements for crew also need
to be factored in. It is essential that
each vessel is seen as being unique
with regards to the equipment chosen.
There is no optimal and universal solution that can be used from one vessel to the next. This also means that
all design aspects have to be taken
into consideration when choosing the
treatment technology.
20
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Four phases for ballast
water treatment solution
implementation
The following four phases are a logical process in identifying and implementing the most suitable ballast water treatment solutions.
All available solutions should firstly
be identified with their related consequences and measures that have to
be taken. This results in a shortlist of
possible solutions, which in the next
step needs to be studied in detail,
resulting in a final solution proposal,
upon which the customer can base
the final decision. Once the decision
has been taken, phase two can be
carried out, where basic design is
done and the necessary approvals
are acquired.
In phase three detailed design can
be completed according to the customer’s needs. The installation method should also be taken into consideration during design. Phase four is
the successful installation and startup of the system and concludes the
process. If possible, part of the work
can be done while the vessel is in operation and in some cases all work
can be completed this way, thereby
avoiding any off-hire periods. In other
cases the installation will have to be
done while the vessel is in a shipyard
or docked alongside it.

Marina Sjölund
B.Sc.(Structural Engineering)
Ms Sjölund has extensive experience in shipping and shipbuilding. She started working in the
industry at a Finnish shipyard as
a designer in the deck equipment
department. In 1990 she took
part in a ‘business for engineers’
education program at the Turku
School of Economics. In 1992
she was named Sales Manager
of the International Marine lubricant department in Finland in a
international oil company. Under
her management the department
became part of the Scandinavian
Marine Department.
In 2006 Marina Sjölund joined Elomatic as a designer. She was appointed in the autumn of 2011 as
Product Manager for Ballast Water Management Solutions after
an extensive international environmental education at the Finnish
Consulting Group.
marina.sjolund@elomatic.com
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Cleaning exhaust gases
in shipping
On February 16th 2012, the requirements for tougher EU regulations
on sulphur pollution from ships
took one step forward as the EU
Committee for Environment, Public
Health and Food Safety voted in favour of the new rules. The Committee recommends that the legislative update should go further than
the new sulphur standards agreed
at the International Maritime Organisation (IMO) in 2008.

T

he new regulations mean that
the limit value for sulphur in the
Baltic Sea, the North Sea and the English Channel (so-called sulphur control
areas or Sulphur Emission Control Areas [SECA]) will finally be lowered to
0.1% of weight in 2015 and globally to
0.5% of weight in 2020 or, depending
on fuel supply, at the latest by 2025.

The last requirement limit of 0.1% in
SECA is the cause of some concern
in the industry. It is also unclear at this
stage when the implementation of the
2020 legislation (0.5% sulphur worldwide) should be taken into consideration. Reduced energy consumption,
through slow cruising or other energy
saving means, is as such not a solution to the problem. It will reduce the
total amount of sulphur emitted to the
air, but the requirement of the regulation is the relative amount of sulphur
in the fuel or exhaust gases.
To comply with the regulation, shipping operators should use lower sulphur fuels or install technical ‘abatement’ equipment, such as scrubbers,
which achieve equivalent results. An
argument in favour of liquefied natural
gas (LNG) as fuel, compared to heavy
fuel oil (HFO) is that it will reduce carbon dioxide (CO2) emissions by up to
30% and bring nitrogen oxide (NOx)

emissions to 20% of current levels,
which will satisfy the upcoming Tier III
emission requirements without further
actions.
Shipowners should consider making cost-benefit analyses to determine
whether it is more cost effective to invest in emission abatement systems
than to make the necessary changes
to the vessel to accommodate lower sulphur fuel (fuel conversion). For
ships that mainly operate on the high
seas, a dual tank arrangement can be
used (fuel switching). Marine diesel
oil is used in SECA areas and in ports
while conventional fuel is used in other
areas.
To refine the amount of heavy fuel
oil needed to meet the applicable regulations in 2015 will require significant
investments for the refinery industry.
It is likely that there will be a shortage
of low sulphur fuels when the regulation comes into force.
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◄◄ Maximum sulphur content of ma-
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◄◄ NOx emmission limit schedule ac-
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Sulphur reduction techniques
on the market
By installing exhaust gas scrubbers, vessels will be able to use fuel
with significantly higher sulphur content also after 2015. The use of such
less expensive fuel will cover the investment and running costs of the
scrubbing system. There are two major types on the market, dry and wet
scrubbers. The wet scrubber can be
open loop, closed loop or a combination of these. See figures on page 24.
The dry scrubber is based on a
proven technology applied on landbased exhaust gas cleaning systems,
where calcium powder is used as an
agent for the absorption of sulphur. For
ship use a special calcium hydroxide
[Ca(OH)2] granulate is used. This gran22

ulate needs significantly less space
compared to land-based applications
and removes more than 99% of the sulphur oxides. Silos for fresh and used
granulate will be needed.
Open loop scrubbers use seawater
as scrubbing media. The alkalinity of
the seawater is used to neutralize the
sulphur in the exhaust gas. A high flow
of seawater is needed to maintain the
efficiency of the scrubber. The benefit
of the seawater scrubber is its simplicity; no fresh water or additional chemicals are needed for operation.
In many parts of the Baltic Sea the
salinity of the water is too low to allow
for effective cleaning capability of the
open loop system. Therefore a closed
loop system using fresh water with the
addition of a caustic soda (NaOH) solution is used to neutralize the sulphur.

The disadvantage of the closed loop
system is that a considerable amount
of freshwater and chemicals have to
be stored onboard. The water circulating in the closed loop also needs to
be cooled.
The third alternative for wet scrubbers is a hybrid with an open loop
seawater system and a closed loop
freshwater system with the addition
of chemicals. The closed loop allows
vessels to enter fresh water areas or
sensitive areas where water discharge
is not allowed. The seawater system
can still be used in the open sea.
The disadvantage of scrubber
technology is the relatively large
space requirement onboard. The
closed loop fresh water scrubber requires less space than the dry scrubber, which in addition to the scrubber
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The main considerations
in choosing the technique
for reducing sulphur
pollution from ships

■■ Ship type
■■ Operational area, water quality
such as salinity

■■ Operational profile, time in port
■■ Size and footprint of the system
in relation to available space

■■ Weight of the system in relation
■■
■■
■■
■■
■■
■■
▲▲ SECA (Sulphur Emission Control

to the ship’s deadweight and
stability
Structural considerations
Available electrical power onboard
Possible no-discharge policy
Installation aspects; possibilities
to minimize the off-hire period
Maintenance and crew training
needs
Total cost of ownership; capital expenditure and operational costs during the vessel’s remaining life span.

Areas) in Europe

itself, requires a large storage space
for the granulate. An advantage of all
the systems is that particles like soot
will be effectively removed from the exhaust gases.
Choosing the right
treatment technology
A general impression is that scrubbers are large and heavy and consume
much power. This is mostly true, but
there are differences between the alternative systems. There are no radical
developments in sight for current technologies. Therefore, selection of the
optimal solution is an essential element
in controlling and reducing emissions.
The best solution depends on the

ship itself (age, installed power, stability margin, space availability etc.),
the area in which the ship trades and
the operational profile. Scrubbers can
be installed for all or parts of the main
and auxiliary engines and oil fired boilers, depending on the power normally
used and the type of fuel used for the
different systems. Each case is unique
and should be evaluated thoroughly
both technically and economically.
Nitrogen oxide emissions
Limits for nitrogen oxide (NOx) emissions have been laid down by the
IMO and are set for diesel engines
depending on the maximum operating speed.

The Tier I emission standards apply to all diesel engines installed on
ships between 1 January 2000 and
31 December 2010. The Tier II standards apply from 1 January 2011 and
the Tier III standards from 1 January
2016. Tier I and Tier II limits are global, while Tier III standards apply only
in specially designated NOx Emission
Control Areas (NECA). No NECA areas have been nominated so far, but the
Baltic Sea countries have discussed
proposing to the IMO that the Baltic
Sea should be designated as a NOx
Emission Control Area.
There are also local requirements
such as the US Environmental Protection Agency emission requirements
for operating in the Arctic Ocean. A
recent example is the retrofit of two
23
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Techniques to reduce
nitrogen oxide emissions

Finnish multipurpose icebreakers intended to work in these waters. Tier II
standards are expected to be met by
combustion process optimization including fuel injection timing, pressure
and rate, fuel nozzle flow area, exhaust valve timing and cylinder compression rate. Tier III standards can at
present only be met using dedicated
NOx emission control techniques.

Techniques for NOx reduction have existed for a long time and have been
tested by shipowners since the 90s
due to incentives of reduced port and
fairway fees offered by national governments to ships operating in their
territorial waters. The main technique
used is Selective Catalytic Reduction
(SCR), which converts harmful nitrogen oxides into harmless nitrogen and

water with the aid of a catalyst (ammonia or urea). A NOx reduction level of
above 90% can be achieved.
The systems are still quite bulky and
there is room for development. Due to
temperature requirements, the catalytic
reactor occupies space in the engine
casing close to the engine and in addition a urea tank and a feed system
are required. Other techniques such
as fuel/water emulsions and Humid Air
Motor (HAM) also exist, but are not that
common in the marine industry.

▼▼ Open loop scrubber
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Energy efficiency and CO2
emissions
– shipping playing its part
Only in recent years has the environmental debate truly reached the
shipping industry. One of the reasons for this is that shipping has
been considered, and actually still
is the least environmentally damaging form of commercial large
scale transport. Climate change,
energy efficiency and greenhouse
gases (GHGs) such as carbon dioxide (CO2) are, however, hot topics also in shipping and will be on
the agenda for years to come.

T

he shipping industry is today responsible for about 3% of global emissions of greenhouse gases or
more than one billion metric tons of

CO2 per year. The energy efficiency of
ships is improving by 1% per annum
through various continuous measures,
but at the same time shipping activities are increasing on average by 4%
per annum, with some limited stagnation due to occasional recessions. In
spite of this net growth, it is possible
to bring the increase in CO2 emissions
to a halt, or even to reduce emission
levels. This requires operational measures, improved designs, alternative fuels as well as new technologies.
Energy efficiency
Saving energy and developing energy efficient solutions is an important
step in reducing CO2 emissions. An-

other obvious and equally important
driver is the cost saving factor. In addition to operational measures, such
as optimizing schedules and reducing
the ship’s speed, there are numerous
technical solutions that save energy
and improve the energy efficiency of
ships.
On new designs typical examples
are more energy efficient engines and
propulsion trains, improved hull designs, equipment that consumes little energy as well as different kinds
of recovery solutions. Various solutions can also be adopted on existing
ships such as heat recovery installations, improved underwater hull coatings, equipment that consumes little
energy in connection with renewals
and new propeller designs etc.
25
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In order to tackle the emission
problem with CO2 and other GHGs
from international shipping, the International Maritime Organization (IMO)
has introduced the Energy Efficiency
Design Index (EEDI) for new ships.
The EEDI, in establishing a minimum
energy efficiency requirement for new
ships, depending on ship type and
size, provides a mechanism through
which the energy efficiency of ships
may be increased stepwise, in order
to keep pace with future technical developments.
The first version of the EEDI has
been developed for the largest and
most energy intensive segments of

shipping including oil and gas tankers, bulk carriers, general and refrigerated cargo carriers as well as
container ships. The suitability of the
index for all ship types has, however,
been questioned and it is to be anticipated that the index will be developed
for more special ship types in the near
future.
A simplified version of the index is
given by EEDI where
CO2 emission
EEDI =
		
transport work.
The emission represents the total
emission from fuel combustion of all

CO2 emissions International shipping

CO2 emissions from shipping

◄◄ Shipping energy is improving by

1% per annum but at the same
time shipping activities are increasing by 4% p.a. (Source:
DNV.)
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consumers onboard, from which energy saved by the use of e.g. solar power or wind energy has been deducted.
The transport work is calculated by
multiplying the ship’s deadweight capacity with the ship’s speed measured
at 75% of the installed shaft power.
A ship’s attained index will be required to fall below the required index,
which is, amongst others, a function
of the reference line value. Reference
lines have been developed by the IMO
for various ship types and refer to statistically average curves developed
from existing ship data. So-called reduction factors will also be introduced
in order to implement the required

DWT / GRT

duced in order to implement the
required EEDI in phases and thus
gradually reduce the required index (and consequently CO2 emissions) over the years to come.
(Source Lloyd’s Register.)
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EEDI in phases and thus gradually reduce the required index over the years
to come.
The index will become mandatory in
2013. This means, according to IMO,
that the shipping industry will annually
emit between 45 and 50 million tons of
CO2 less, compared to a “business as
usual scenario” by 2020. For 2030 the
annual reduction may be between 180
and 240 million tons.
Renewable energy
Renewable energy such as solar power has gained a noteworthy share in
land-based installations with steadily
increasing use and improved efficiency. Bearing a vessel’s total energy use
in mind, solar power may contribute as
an auxiliary energy source serving, for
example, dedicated purposes such as
accommodation, various consumers,
refrigerated containers, thereby reducing the total power demand from traditional primary energy sources. The
utilization of wind energy can be considered in the same manner. There is
no reason why wind energy could not
play a larger role as a partial energy source with current and expected
future technology in terms of design
and materials. Depending on the ship
type and size, the energy contribution
can range from 4–10%.
Alternative fuels
Liquefied natural gas (LNG) is already
an alternative to heavy fuel oil (HFO) or
diesel oil (DO). LNG has been used as
fuel for a long time by LNG carriers in
the form of boil-off from the LNG cargo. It is, however, still in limited use in
the maritime sector, but expectations
are that its use will increase and that
LNG will be a serious alternative on a
larger scale, at least for an intermediate period of several decades during
which alternative power generating
solutions are being developed, tested
and made commercially available. The
pace of increased LNG use will be
highly dependent on price and pricing

policy, as well as the infrastructure of
gas distribution.
Primarily the use of LNG is considered more attractive for vessels
in liner traffic on short routes such
as ferries because of the infrastructure availability, as well as the limited
amount of fuel needed for each voyage. A large LNG-fuelled cruise ferry
is presently being built for the Finnish
operator Viking Line for regular traffic in the Baltic. On the drawing board
are, however, also various designs for
oceangoing vessels such as containerships, car carriers and tankers. It
remains to be seen which project will
win this thrilling race.
The use of LNG reduces CO2 emissions by 30% compared to burning
HFO in combustion engines. Another driver, which promotes the use of
LNG is the maritime legislation related to fuel sulphur content (SOx emissions) and NOx emissions. LNG contains no sulphur and NOx emissions
are reduced by up to 80% compared
to HFO.
Retrofitting existing ships
Even though the LNG solution targets
new ships, there is also a possibility to
retrofit existing ships. One option for
ship owners is to change the ship’s
fuel system completely and use LNG
instead of HFO to meet both Marpol
requirements and contribute to reduced CO2 emissions. HFO does not
have to be abandoned completely as
dual fuel engines may also be used.
An LNG retrofit requires modifications to the existing diesel engines onboard the vessel and new tanks for
the fuel itself. LNG storage is feasible
when it is cooled down to approximately -135 °C at a pressure of 5 bar,
which consequently creates challenges for bunkering as well as the fuel
handling systems on board and while
in port. An essential design factor in
the retrofit process is the size of the
LNG fuel storage tanks. Due to the
space required and safety requirements, it is evident that some ship
types are more suitable for retrofits

than others. An ideal option is to place
the cargo tanks on the outside deck
provided they do not reduce cargo
space.
A recent example is the LNG retrofit
of the Bit Viking, a 25.000 tdw product
tanker owned by Tarbit Shipping AB.
The project was managed from Finland
and included the modification of two
main engines into dual fuel type engines and two 500 m3 LNG tanks with
auxiliary systems. The conversion was
finalized late last year and the ship is
now operating with its new LNG fuel.
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Improving energy efficiency
for clean room ventilation
systems
Clean rooms are required in the
pharmaceutical, food, electronics,
and workshop industries. Clean
room ventilation systems (HVAC
systems) are used to maintain particle levels and product critical parameters, such as temperature
and humidity, defined for cleanliness classes 1–9 according to ISO
14644. HVAC systems control air
flows between different rooms by
means of pressure differentials,
which ensure that air flows from
cleaner areas to less clean areas.
The pressure differential applied
between different cleanliness classes is usually 15...20 Pa. Pharmaceutical clean rooms are subject
to Good Manufacturing Practice
(GMP) legislation. Internationally, the European Union GMP and
the US Food and Drug Administra28

tion’s (FDA) cGMP are adhered to.
This article focuses in particular on
pharmaceutical HVAC systems and
related energy efficiency.

A

ir change rates (ACH) in clean
rooms differ substantially from
air change rates in so-called comfort
ventilation systems. The air change
rates of clean room HVAC systems
vary between 10…700 ACH, whereas
the air change rates in comfort HVAC
systems are between 0.5…10 ACH.
This relationship between air change
rates highlights the magnitude of energy consumption for clean room
HVAC systems. In a clean room HVAC
system, air is processed to meet the
regulatory requirements for cleanliness, temperature, and relative humidity. Two main types of clean room
HVAC systems can be differentiated:
fresh air and re-circulated air systems.
(See figures 1 and 2 on pg. 30)

Clean room HVAC systems that
use only fresh air are utilised where
materials hazardous to health and/or
the environment are handled, where
there is risk for cross-contamination
despite proper filtering, or where
there is an explosion hazard. A recirculated air system can be used,
when none of the afore-mentioned
risks are present. Generally, the use
of re-circulated air is maximised, because it has indisputable benefits,
such as heat recovery and humidification energy.
Reducing the impact
on the environment
Energy efficiency requirements for
clean room HVAC systems are continuously escalating. Pharmaceutical industry energy costs are, however, not
that significant compared to the pharmaceutical batches sold. According
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to an American study in 2008, based
on 2002 figures, the energy costs for
each one billion USD worth of pharmaceuticals was approximately 6.6
million USD (Source: Energy Efficiency Improvement and Cost Savings
Opportunities for the Pharmaceutical
Industry. 2008. Ernest Orlando Lawrence Berkerley National Laboratory.
California USA).
The pharmaceutical industry strives
to provide people with good health
and an enhanced quality of life. It is,
therefore, important that it acts in an
environmentally sound manner by reducing pollutions to air, ground, and
water. The significance of ventilation
systems and clean room HVAC systems in the total pharmaceutical industry energy consumption should not
be underestimated. Table 1 shows the
distribution of the total energy consumption in a typical pharmaceutical
plant in the USA.
According to the study ventilation
systems account for 65% of total energy consumption. The energy consumption and related costs for a typiOverall

cal clean room in the USA are detailed
in figures 3 and 4 on pg. 31. Figure
3 shows the distribution of energy
consumption and figure 4 the related
costs (source: Ernest Orlando Lawrence Berkerley National Laboratory.
California, USA).
Pharmaceutical industries in western countries strive to apply energy
efficiency requirements according to
LEED and BREEAM International classifications, when building new facilities or renovating facilities. LEED is the
American classification and BREEAM
International originated in Europe. The
classifications are complemented with
national energy efficiency requirements.

▼▼ Table 1. The distribution of the to-

Improving HVAC
energy efficiency
The energy efficiency of pharmaceutical clean room HVAC systems can
be enhanced through professional design. Energy efficiency is an attitude,
which is adopted via determined guid-

Plug loads and processes

ance and training. The dimensioning
of a clean room HVAC system is defined by the required amount of air
changes and the overall amount of
air. The air change rate for a certain
cleanliness class is determined either by the empirical ACH or the ACH
based on the heat load, which is calculated from the allowed temperature
difference between the incoming and
exhaust air flows. This is usually the restraining factor.
The required heating, cooling, and
humidification effect is calculated
based on the outdoor climate and the
amount of air handled. The dimensioning of the air handling units, ducts,
and air devices in clean room HVAC

Lighting

tal energy consumption in a pharmaceutical plant (Source: Energy
Efficiency Improvement and Cost
Savings Opportunities for the
Pharmaceutical Industry. 2008.
Ernest Orlando Lawrence Berkerley National Laboratory. California, USA)

Heating, ventilation and
air conditioning (HVAC)

Total

100%

25%

R&D

30%

Microscopes, Centrifuges, Electric
mixers, Analysis equipment, Sterilization processes, incubators, Walk
in/reach in, (refrigeration)

Offices

10%

Office equipment including comTask, overhead
puters, fax machines, photocopiers, and outdoor
printers, Water heating (9%)*
lighting

Bulk
Manufacturing

35%

Centrifuges, Sterilization processes, Task and overhead Ventilation for clean rooms and
Incubators, Dryers, Separation pro- lighting
fume hoods, Areas requiring 100%
cesses
make-up air, Chilled water,
Hot water and steam

Formulation,
Packaging
& Filling

15%

Mixers, Motors

Mostly overhead,
some task

Particle control ventilation

Warehouses

5%

Forklifts
Water heating (5%)*

Mostly overhead
lighting

Space heating (41%)*
Refrigeration (4%)*

Miscellaneous

5%

10%

65%

Task and overhead Ventilation for clean rooms and
lighting
fume hoods, Areas requiring 100%
make-up air, Chilled water,
Hot water and steam
Space heating (25%)* Cooling
(9%)* Ventilation (5%)*

Overhead

*Percentages for water heating, space heating, cooling, refrigeration and ventilation are derived from the U.S. DOE`s Commercial Building Energy Consumption Survey (CBECS) for commercial office or warehouse buildings (U.S. DOE 1999). These
figures are only shown as first approximations and in reality vary from facility to facility.
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►► Mezzanine areas above clean-

rooms are ideal for HVAC installations.

◄◄ Figure 1. A cleanroom HVAC system that uses 100% fresh air.

▼▼ Figure 2. A re-circulated air system that uses 20% fresh air and
80% re-circulated air.
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systems is defined by the amount of
air used and acceptable pressure
losses and sound levels.
A starting point for improving clean
room HVAC system energy efficiency is drawing up a User Requirement
Specification, after which the requirements are transferred to system-specific Technical Specifications. There are
several measures that can be taken to
improve the energy efficiency of pharmaceutical clean room HVAC systems.
These include optimising product-critical parameters, controlling internal
heat loads, optimising ACHs, maximising utilisation of re-circulated air and
heat recovery, hours of operation, optimising filter stages and air handling

Cleanroom
Fans 27%

units, improving dimensioning of ducts
and devices, as well as adhering to the
tightness requirements of the air handling units, ducts and devices.
Achieving a good result
Correctly documented requirements
for energy-improving measures do not
guarantee a successful end result . A
good result is achieved by the correct
selection of contractors/suppliers. In
making the selection it is important to
ensure the existence of suitable references and verifying the skills and experience of persons responsible for
execution. GMP-level cleanliness is an

Compressed
Cleanroom
Air 7%
Lights 1%
Process
9%
Other
Misc.
10%

Hot Water,
Steam and
Cafeteria
17%

Cleanroom
Fans 30%

of energy consumption in a clean room
(source: Ernest Orlando Lawrence Berkerley National Laboratory. California, USA)

Office
(Lights,
Plugs)
9%

Compressed
Cleanroom
Air 8%
Lights 2%
Process
10%

Office
(Lights,
Plugs)
10%
Total Chilled
Water 22%
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Total Chilled
Water 20%

Other
Misc.
11%
Hot Water,
Steam and
Cafeteria
7%

◄◄ Figure 3. Distribution

attitude and so is energy efficiency.
The design and construction of an
energy efficient pharmaceutical clean
room HVAC system is a demanding
task. It combines GEP (Good Engineering Practice), GMP, BSL (Bio Safety Level), ATEX, national building regulations, national energy efficiency
requirements, and LEED or BREEAM
International requirements. This places a great deal of responsibility on
the designer. The future will bring increasingly strict requirements for the
energy efficiency of pharmaceutical
clean room HVAC systems. Designers should, however, keep in mind that
GMP or BSL or a combination of these
override any other factors.

◄◄ Figure 4. Distribution

of energy costs in a
Clean room (source:
Ernest Orlando Lawrence Berkerley National Laboratory. California, USA)
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Environmentally friendly
energy production –
where to from here?
What does environmentally friendly energy production mean? This
is a good question and a straightforward answer is not readily available, as it depends heavily on the
respondents viewpoint. Do we
approach the question from the
viewpoint of different stakeholders such as producers, consumers
and fuel suppliers, or do we focus
on ethical or technical viewpoints?
What remains clear is that energy production is not only a commercial activity, but a societal and
political issue as well. This leads
32

to discussions around energy production that are lively and even
emotional.

M

aintaining our western lifestyle
and related standard of living
calls for heavy energy consumption.
It can easily be questioned whether
we should change our way of life to
reduce our ever growing reliance on
energy. In Finland, for example, energy consumption has doubled since
the 1980s and forecasts indicate that
the trend is set to continue. According to the Finnish government, energy
consumption will rise to 327 terawatt

hours in 2020. Meeting the growing
energy demand with current production technologies will increase the environmental burden in one way or another. Developing and implementing
new technologies is a lengthy process,
which means that it is in practice difficult to take speedy remedial actions.
Public debate influencing
decision making
The increased public debate around
climate change has galvanized public opinion in support of clean energy
production. The debate has unfortu-
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nately focused too often on different
doomsday scenarios, rather than on
the identification of solutions or the
understanding of phenomena related to the subject. The press has also
been awash with related articles, a
sure sign of the importance of the topic. A marked spike in climate change
articles has been observed across the
world’s media since 2006. Finland`s
largest newspaper, the Helsingin Sanomat, published three times more articles related to climate change every
year from 2007 to 2010 than before
2006.
Society demands more
environmentally friendly
energy production
The higher the levels of energy production and the cheaper it is to produce, the greater is the possibility of
raising living standards and the larger
the international competitive advantage that society receives. It is likely
that this is a significant reason why the
results of international agreements on
emission control have been so disappointing.
Society is guiding energy market
players via different requirements both
at national and EU levels. In order to
meet EU demands, Finland is required
to increase energy production from renewable energy sources to about 38
terawatt hours by 2020. It has been
left to national regulatory bodies to define measures to achieve these goals.
In Finland the most significant energy
solutions are climate and energy strategies, energy efficiency, renewable
energy, nuclear power and the renewal of energy taxation. These solutions
were implemented from 2008 to 2011.
Finnish energy policies are focused on
emission reduction, domestic content,
self-sufficiency and the promotion of
technological employment and economic growth.
Noteworthy future environmental
protection regulations include IE directives for energy production plants
with fuel power in excess of 50 vMW
and PINO regulations for plants of

5–50MW. The requirements for IE directives will come into force for new
plants on 7.1.2013 and for old plants
on 1.1.2016. The PINO regulations become applicable in conjunction with
every new environmental permit issued and at the latest by 2018. These
deadlines are fast approaching, which
means that for several energy companies this is of particular current interest.
Energy producers are keen to see
that production is economically viable in the long-run as well. The investments required are costly and the
operational lifespan of plants is long,
about 20–40 years. With the increase
in research data and findings it has
become important to consider how
this information should be taken into
consideration in creating the relevant
regulations. There is an risk that energy production decision making is
unnecessarily hampered in a rapidly
changing operational environment.

Where to from here?
It seems that in the future environmentally friendly and sustainable energy
production can be achieved with distributed multiform energy production
that takes local conditions into consideration. At the moment the idea may
seem awkward and expensive, but as
the technology develops the possibilities will increase markedly. In distributed production the importance of
distribution networks comes to the fore
strongly.

About the author

Energy sources and multiform
energy production
Different energy sources come with
their own inherent challenges. In Finland, benefits from solar and wind
power are limited and expensive, as
a result of the location. The use of
peat is currently being restricted and
the related discussion about its environmental effects is animated. Interesting research results have surfaced
regarding the effects of wood burning on the atmosphere; is carbon dioxide released into the atmosphere
too quickly, and is the use of wood as
environmentally friendly as previously
thought?
The acidity of pyrolysis oil is problematic while fossil fuels are limited
and cause emissions. There are significant technological risks associated
with nuclear waste disposal, the list
goes on. Technological advancements
are continuously being made for different energy sources that improve their
efficiency and reduce harmful environmental effects.
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Consumption and lifestyle
changes required to reduce
food waste
The environmental impact of consumption should be evaluated
over the full life cycles of products.
Foodstuff life cycles include the
use of fertilizers and other materials in production and throughout
the supply chain as well as further processing, sales, consumption, waste removal and recycling.
Life cycle analysis (LCA) typically investigates the effect of activities on the climate, eutrophication,
acidification, ozone formation and
primary energy consumption.
34

I

n Finland housing and travelling
each account for about a quarter
of household carbon footprints. Intermittent emissions are also created by
food and have the same climatic effect as housing and travelling. A typical consumer in Finland consumes
600–700 kg of food a year, of which
an estimated 10% is wasted.
The guiding principle of all development work should be the elimination
of defect sources not consequences.
In waste hierarchies the focus should
be on reducing waste, i.e. changing
consumption patterns and lifestyles.

Functional packaging reduces
methane emissions
Functional packaging aims to reduce
critical and unnecessary waste, thereby reducing food production and its
significant environmental impact.
If discarded food is not sorted and
composted properly, it can result in
the creation of methane gas at dump
sites, which is 20 times more potent
than carbon dioxide.
Using too little or the wrong materials in packaging can multiply the
harmful environmental effects if the
goods contained in the package are
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damaged. The resultant increased
production required to correct the
shortfall pollutes the environment
needlessly. In most cases, even the
slightest product loss is more detrimental to the environment than the
related packaging production. Packaging should be optimized so that it
protects the product as intended, but
does not use unnecessary materials.
Just twenty years ago meat was delivered as carcasses to shops, where
it was cut up and sorted for sale. Today the majority of meat sold in the
foodstuffs industry is packaged and
treated microbiologically in far superior conditions than a shop storage
room. Modern gas packaging, for example, preserves meat for extensive
periods. Animal waste has been reduced significantly by modern production and supply processes as well
as developments in packaging, all of
which have reduced the overall environmental burden.
Preserving food longer on the
shop floor and in households
Foodstuffs account for a large part
of the harmful environmental effects
of consumption. It is therefore crucial
that food waste be minimized as much
as possible. Packaging plays an essential role here and when functioning
well spares the environment by minimizing product losses in the logistical
chain as well as on the shop floor and
in households.
Both from an ethical and ecological
sustainability viewpoint it is clear that
human beings need to minimize food
waste by planning shopping and food
preparation carefully. The share of
plant food sources in our diet should
also be increased. Even though the

environmental impact of a shopping
bag is a small contributor, the reuse
of the same bag is a far more ecological choice, regardless which material
it has been manufactured from.
Measuring food waste flows
In order to implement measures to reduce waste the size of the problem
needs to be quantified and the information delivered to consumers in a
readily understandable form. Once
consumers become acutely aware of
their personal impact they are more
likely to make changes to their consumption patterns.
A real-time environmental information system has been developed at
Elomatic for this purpose. In 2011 the
Macciavelli restaurant at the Turku university campus used the system to
measure their food waste flows. The
restaurant is owned by owned by Unica Ltd, which operates nine other student restaurants in addition to Macciavelli.
The food waste from each customer was weighed and saved in the database via the internet. The real-time
information regarding the waste and
related environmental impact, such as
carbon footprint, was projected onto
the restaurant wall for all patrons to
see. One of the goals of the measurement was to create a discussion
about what individuals can do to reduce food waste.
On the first measurement day the
restaurant had 867 customers and
produced 42,8 kg of biowaste. According to Unica Managing Director,
Sanna Hovi, the company is open 220
days a year, which means that food
waste at the restaurant costs the company €75,000 a year.

Quantifying waste and its environmental impact is a sound start, but individuals, corporations and industries
need to take individual responsibility to use this information in order to
change the way they consume or operate.

Finnish media sources
Juha-Matti Katajajuuri, Ruokajäte rasittaa
ympäristöä enemmän kuin pakkaukset,
Tieto&trendit-lehti 2/2008
Turun Sanomat, Opiskelijaravintolan biojätteestä kertyisi iso kasa
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Biogas – an important
renewable energy source
The overriding majority of researchers and scientists agree that
the use of fossil fuels to produce
energy is not sustainable and places immense strains on the natural environments we depend on.
There is broad consensus that several different forms of renewable
energy sources will have to be employed in the coming years to stave
off the threat of global warming
and catastrophic climate change.
Biogas has proven itself to be a
viable and versatile source of energy with applications in combined
heat and electricity generation, industrial steam generation and natural gas networks. It can also be
used as transport fuel or to power
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fuel cells while side products such
as phosphor and nitrogen collected from the biogas process can be
returned to the earth in the form of
fertilizers.

W

hen reading articles on renewable energy solutions such as
solar power plants, windmill parks and
biogas plants, they are often presented as new and developing energy production solutions. That might be true
for windmills and solar panels, but not
when it comes to biogas production.
Ancient Persians already understood that rotting vegetable matter
produces a flammable gas and in
the UK biogas produced from sewage was used as fuel for street lamps
as early as 1859. With the advent of
centralized sewage systems in Eu-

rope came the idea for biogas plants.
The plan was to reduce the amount
of solid matter in sewage water and
use a portion of the gas as an energy
source. The plants functioned mainly
as waste treatment plants due to the
fact that greenhouse gases and energy crises were not pressing problems
at the time.
In more recent times national biogas programs in India, China and
Nepal have produced farm-scale energy production sites. Rising oil prices
in the 1980s saw the adoption of these
kinds of programs in Europe. The high
oil prices only lasted for a few years,
however, and small farm-scale energy
plants subsequently became uneconomic.
The 21th century has seen the erection of hundreds of biogas plants
around the world. The EU is encourag-
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Biogas Process
Grocery
shop

Factory

Organic waste is collected
from nearby farms, shops,
factories etc. and transported to plant and receiving pit.

Mixture is allowed to ferment in big reactor tanks
where biomethane is
formed.

Biomethane is pumped
into a gas upgrading
plant or into a CHP plant
to produce heat and electricity.

Biogas
Plant
Biomethane storage
Waste is diluted with water into pumpable sludge
(this step skipped if dry
digesters are used).

Farm

Store

ing its members to reduce the amount
of biowaste transported to landfills
and a biogas directive and several
other pieces of legislation have ensured that biogas plants have become
an economical method of producing
energy.
Biogas production in Finland
By the end of 2010 there were 16 biogas reactor plants in operation in Finland at different municipal wastewater
treatment plants. Industrial wastewater was treated anaerobically at three
different plants. Farm-scale biogas
plants were operating at 10 sites and
municipal solid waste was treated at
six biogas plants. In 2010, the amount
of biogas produced by the reactor installations was 37.5 million m³ and the

Sludge
processing

Liquids and solids are
processed to organic fertilizer and transported
back to nearby farms or
retailed.

combustion of surplus biogas 4.8 million m³. Production of thermal, electrical and mechanical energy was
179.0 GWh.
The figures show a significant increase compared to 2009 in the total amount of biogas and energy
produced. There were altogether 39
landfill gas recovery plants operating
at the end of 2010. The amount of recovered biogas was 101.6 million m³
and the amount of recovered biogas
used for the production of electrical
and thermal energy was 58.7 million
m³, producing 242.4 GWh.
Biogas process
Biogas is produced in biogas plants or
harvested from landfills. The process
in plants is fairly simple. Organic waste

▲▲ Biogas production and utilization

is collected from nearby farms, shops,
factories etc. and transported to a receiving pit, where the mixture is diluted with water and transformed into a
pumpable sludge. Water dilution is not
needed if dry digesters are used.
After the receiving pit the mixture is
allowed to ferment for several weeks in
big reactor tanks where biomethane
37
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◄◄ Biovakka Suomi Oy’s biogas plant

Photo © Roni Lehti

in Turku, Finland digests slurry to
produce heat for district heating
and electricity for the city’s grid.

is formed. The biomethane is stored
in airtight gas storage from where it is
pumped into a gas upgrading plant or
into a CHP plant to produce heat and
electricity.
Biomethane is the main product but
the biggest process stream is the digested sludge after the reactors. The
trick in making the process profitable
is the utilization of this waste stream.
Digested sludge can be stored and
spread onto fields as fertilizer. Another
solution is to separate water from the
solid phase resulting in high nitrogen
content liquid fertilizer and high sulphur content solid fertilizer/humus.
Points to consider
in dry and wet digestion
There are two slightly different methods to produce methane with anaerobic digestion, wet and dry digestion, each with its own pros and cons.
The differences between the methods arise when one considers the side
products and suitable biomass that
can be used as a raw material.
When producing gas via dry digestion, little or no water needs to be
transported to and from the factory. In
a wet process the received biomass
38

has an approximate dry substance
(ds.) content of 12%. This means that
88% of the mass flow is water which
has to be treated according to environmental legislation and transported
to and from the plant. The biomass in
dry digestion naturally contains water
but the amount is so little (40–45% ds.)
that the feed is in a solid state and no
wastewater is formed.
After the biogas has been collected
from the reactor in a wet process the
remaining digestate can be treated in
two main ways.
1. The water can be separated from
solids with centrifuges or suitable
sieves. Solids and decomposed
organic matter / humus, with high
phosphor content, can be used
in landscaping or as fertilizers by
spreading it onto fields, which allows the phosphor to return back to
nature’s recycling systems. Water
rich in nitrogen needs to be concentrated to meet the quality requirements set for fertilizers. The
concentrating process requires energy, however, which should be taken into consideration when doing
feasibility studies.
2. It is not necessary to separate the
water from solids as the digestate

can be spread onto fields as fertilizer in its wet state. The problem
is that liquid fertilizers may only
be applied to fields twice a year,
which means that large storage
reservoirs are needed. The authorities also require the use of an appropriate treatment (hygienisation)
method according to the raw materials used to kill detrimental bacteria if it is to be spread onto agricultural fields.
Dry digesters are operated with feed
that has a high dry substance content, which limits the raw materials
that can be used. The benefit of high
ds. raw material is that no water/solid
separation or waste water treatment
is needed. Dry digesters would work
also with lower dry substance content
biomasses, but the benefit achieved in
low wastewater treatment costs is lost
and the investment in more expensive
digesters becomes pointless if a separate waste water treatment unit needs
to be built.
Biogas / Biomethane
Biogas is collected from the bioreactors and can be treated to become
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►► Digested sludge produced dur-
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ing the biogas production process can be stored and spread
onto fields as fertilizer.

biomethane. Biogas is approx. 60%
methane, 38% carbon dioxide and
2% nitrogen and saturated with water.
Water as well as sulphur and oxygen
remnants are removed from biogas to
transform it into biomethane. Pure biomethane has very similar characteristics to natural gas and its potential as
an energy source is equally diverse.
The overriding reason for removing
the water, sulphur and oxygen is corrosion. Together these three elements
form sulphuric acid, which is problematic for gas pipelines, motors and
burners. If it is not compressed into
the national gas grid the gas may be
used as biogas. The sulphur however
needs to be removed before burning
it in generator to generate electricity or
in a boiler to produce heat.
Synergies in energy
production and use
The viability of biogas as an energy
source is heavily dependent on the
availability and quality of raw materials, local infrastructure and access to
end users, in order for costs to be controlled. The ability to innovate and integrate the production and use of energy forms such as biogas also plays

a vital role in how these renewable energy sources can be employed.
An excellent example of synergy in
energy production and usage can be
found at the Vambio factory in Vampula, Finland. Large farmers near to the
plant and some municipal wastewater
treatment plants deliver their waste
slurry to Vambio. The farmers’ slurry is pumped to the plant in pipes,
which means that no transport is required. After digestion the digestate
can be pumped back to the farmers
and spread onto their fields as fertilizer. The gas is partly burned to produce heat that is delivered to the farmers via the district heat network and
partly pumped to a nearby lime producer to power theirv production process.
Another good example is Biovakka
Suomi Oy’s biogas plant at the Turku
city landfill in Finland, which has been
operating since 2008. The city’s municipal wastewater treatment plant’s
slurry is digested at the Topinoja biogas plant to produce heat for the district heat network and electricity for
city’s grid with a CHP plant.
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