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Abstract A broad scientific consensus exists that the global
climate is changing. The Earth’s surface temperature could
rise significantly over the next few decades, leading to us
witnessing an entirely new and unknown planet.
Improved energy efficiency, decreasing use of fossil fuels
and wide diffusion of various renewable energy sources
are among the focal measures to limit global warming to a
sustainable level. The objective of this study is to analyse
how renewable energy, such as wind power and
bioenergy, could be efficiently commercialized. The
evaluation is based on a case study and expert analyses
exploiting lateral and parallel thinking methods, and
group decision support systems tools. The results reveal
that some of the generated ideas are ready for
implementation to commercialize renewable energy,
whereas others still require technical and commercial
development, and improvements before maturity.

Keywords Commercialization, Wind Power, Bioenergy,

Renewable Energy, Climate Change

1. Introduction

The demand for renewable energy (RE), the threat of
global warming and climate change, and the question
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of how to make the long transition to an economy
based on fossil-fuel alternatives are concerns for all
societies [1]. The United Kingdom, for example, will
have to generate about 40% of the required electricity
from renewable sources by 2020, in order to comply
with the legally binding European Union targets [2].
There is a wide scientific consensus that the Earth's
climate is changing and this phenomenon has become a
worldwide concern. The global surface temperature has
increased by about 1°C during the last century and the
temperature will most likely increase further during the
next hundred years. However, the temperature increase
could be potentially limited to about two degrees
provided that the carbon dioxide (CO:) equivalent
concentration in the atmosphere can be limited to 450
parts per million (ppm) [3]. The world’s primary energy
use is predicted to increase during the next decades,
reaching a total energy consumption of about 50%
higher in 2050 than today. The key drivers behind the
development are the increase in population and
expected gross domestic production (GDP) increase [4].
If mankind does nothing to prevent the global
temperature increase and continues to consume energy
and fossil fuels in a “business as usual” manner, [5]
foresees a 130% rise in CO2 emissions by 2050. Such an
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increase in emissions could raise the global average
temperature by 6°C or more, resulting in significant
impacts on all aspects of life and irreversible changes in
the environment.

In spite of the huge challenges that the mankind faces,
the climate change issue can be solved in such a manner
that global warming can be limited perhaps to two or
three degrees, especially before the “tipping point”
when the warming phenomenon itself may accelerate
the warming. There are enormous resources of wind
energy globally to be harnessed into energy production
and biomass utilization can also be increased
significantly. The overall energy efficiency could be
improved, e.g., by using smart grids, novel energy
storage systems and electric vehicles. Technological
solutions exist for solving many of the problems and
sustainable solutions can most certainly be invented for
the rest. The Dbiggest hindrances preventing
development seem to be human behaviour and the
desire to increase personal prosperity. In general, the
reluctance of politicians to support the diffusion of
renewable energy by consistent, long-term policy
increases the challenge [3, 6].

Environmental concerns and the predicted global
increase in energy demand are the key drivers behind
the growing wind energy markets. A more significant
part of the gigantic global wind resources could well be
harnessed to supply the increasing demand of energy
[7]. Also decentralized, biofuelled combined heat and
power production (CHP) could offer a qualified,
sustainable solution for the growing energy demand in
many regions. It is appropriate to implement novel
technologies utilizing forest biomasses above all in the
regions that possess sufficient natural resources
enabling their sustainable exploitation [8].

In this paper we use the case study approach to study
how renewable energy (wind power and biomass)
could be efficiently commercialized. Expert group
assessments exploiting Edward de Bono’s [9] lateral
thinking models and group decision support systems
(GDSS) tools were carried out in order to answer the
research question: “How to get wind and biomass
electricity commercialized in the Nordic countries by 2030?”
This paper focuses on the key concepts behind the
development of renewable wind and biomass
technologies and emphasizes the acceleration of the
commercialization of these technologies. The research
reveals that the de Bono methods and GDSS provide
powerful tools for facilitating idea generation and
innovative thinking in expert organizations. Among the
generated ideas, four were selected for more in-depth
analysis: modular mass production units, electric grid
investment support, electric cars as energy storage and
home energy control systems. The results indicate that
many issues in commercializing renewable energy are
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already quite ready for implementation, whereas others
still require technology and system level development
especially and predictable long-term government
subsidies.

2. Wind power and bioenergy

Hydro power, solar- and geothermal energy, wind
power and bioenergy can be regarded as renewable
energy. Hydro power has been exploited for a long
time and its further harnessing is challenging in many
countries. The other renewable technologies have
varying maturity and all of them have significant
diffusion potential globally. In this research renewable
energy generation is limited to wind energy and
distributed  small-scale =~ CHP-production  using
bioenergy.

2.1 Wind power

The world’s wind resources are tremendous: it has been
estimated that utilizing only one fifth of the
economically viable global inland wind resources for
power generation would have exceeded the world’s
electricity consumption in the year 2000 seven times
over [7]. Studies by the European Environment Agency
(EEA) also claim that the technical potential of offshore
wind in Europe is six to seven times greater than the
predicted electricity demand in Europe in 2020 [10].

The most common design of a modern wind turbine is
the horizontal axis wind turbine (HAWT) with the
rotation axis parallel to the ground. The major
components of a HAWT include a rotor (containing a
hub and typically two or three blades), a nacelle
(including a generator, the main frame, a drive train
containing rotating parts, such as the main shaft and
possibly a gearbox and control and electrical systems)
and a tower and foundation. During the past decades
the nominal power of wind turbines has grown notably
and today the biggest operational turbines are 6 to 7
MW in size. Wind turbines with a power rating of 10
MW and beyond are under design [11].

The global installed cumulative wind power capacity
was about 240 GW in 2011, consisting mostly of
onshore installations. The cumulative market is
predicted to reach 1000 GW by 2021. The biggest
cumulative markets in 2011 were China and the USA,
followed by Germany and Spain. The biggest wind
turbine manufacturer in 2011 was Danish Vestas with
sales of almost six billion euros. Among the top ten
turbine manufacturers were four Chinese firms that
had grown rapidly, as had the Chinese market [12].

2.2 Bioenergy

Biomass accounts for approximately 10% of the total
primary energy consumed globally, and for 80% of
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renewable energy. However, not all of this is used in a
sustainable manner [13]. In this paper, -electricity
production by bioenergy is limited to distributed
(small-scale) combined heat and power production
(CHP) that uses biomasses, such as woodchips from
logging residue. The technologies for commercial small-
scale CHP production are mostly based on combustion
technologies. A biofuelled CHP-plant consists of a
boiler, firing wunit, turbine, biofuel storage and
conveyor, as well as automation [14]. The principle of
combined heat and power production has been known
for a long time, and since the beginning of the 20t
century a number of units have been in operation.
However, commercial small-scale CHP technologies are
still under development today. CHP contains the
following essential elements: simultaneous heat and
electricity production, high efficiency performance and
proximity of the energy production unit to the
customers [15].

Potential customers for small-scale bio-CHP technology
using forest biomasses include farms, greenhouses,
small and medium size enterprises (SMEs), real estate
outside urban areas and district heating plants. These
may operate fairly independently or cooperate actively
e.g., in joint forest biomass harvesting, transportation
and refining to wood chips. Further, they may also
collaborate with various service providers, such as
maintenance firms and plant and
manufacturers [16].

component

3. Methods and results
3.1 Innovation methods

The research was conducted with a case study strategy,
where Edward de Bono’s Lateral Thinking Ideation
Model was utilized along with GDSS tools and
methods.

[17] describes a case study as a research strategy that
typically combines diverse data collection methods,
such as interviews, questionnaires, observations and
archives. [18] states that a case study investigates a
contemporary phenomenon in the real world context.
According to [19], a case study is an exploration of a
bounded system that can be described in terms of time
and place, through detailed, in-depth data collection,
involving multiple and rich sources of information. [20]
emphasizes the importance of selecting a typical sample
in a case study and an extraordinary sample only if it
could reveal unique and valuable characteristics to the
research.
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The de Bono model is divided into two phases: (a) idea
generation only and (b) selection, development,
refinement and combination of ideas (Figure 1). The
idea generation phase requires individual idea
generation, whereas the latter parts, preliminary idea
selection and idea development, refinement and
combination, are executed in collaboration with all the
participants. An idea is defined as a specific way of
doing something that can be implemented in concrete.
A concept above the idea, on the other hand, is a more
general approach that cannot be implemented alone as
such [9].

The benefits of group work include the following:
groups are better than individuals at understanding
problems, catching errors and balancing risks. Group
work may stimulate the participants and a group is
more knowledgeable than individuals. Computer-aided
GDSS has been carried out since the middle of the 1980s
and typically a computerized decision support system
speeds up the process, increases productivity and
provides technical and quality support. Collaborative
computing technology enables a group to work either
at the same time in the same or a different place, or at a
different time in the same or different place, utilizing
not only computers with sophisticated software, but
also whiteboards, smart boards, E-mails, V-mails,
multimedia and video-, audio- and computer
conferencing. The benefits of GDSS include the
following: parallel and simultaneous work enables the
participants to simultaneously learn and discuss,
anonymous working hinders connecting the ideas,
comments, and votes among persons, individuals
cannot dominate the discussion and the software
memory records all information [21, 22].

In this research, the objective was to answer the
research question: “How to get wind and biomass
electricity commercialized in the Nordic countries by 2030?”
Altogether 17 international energy experts from a
university and various companies contributed to the
research in different phases. In the first phase, a group
of 11 experts including two professors and two doctors
of technology generated ideas to respond to the
objective. After the first individual ideas, a concept was
determined, after which new potential ideas within the
concept were identified. The idea generation then
continued by using the objective/idea/concept — triangle
and finally the ideas and concepts were placed on a
concept fan by using self-adhesive notes.
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Figure 1. Lateral thinking ideation model, adapted from de Bono (2012)

In the second phase, a preliminary judgment and
selection of the concepts and ideas was executed by five
experts, including two doctors of technology. Low-
impact, impractical and overlapping ideas and concepts
were removed and the concepts and ideas were
grouped in a PESTEL -
Economical, Social, Technological, Environmental and
Legal). In the third phase, the ideas were assessed by a
group of 8 experts, including one professor and five
doctors and conducted in a group decision support
systems (GDSS) laboratory using [23] software. The
ideas that got the highest scores (each participant used
the scale 10 to 1; 10 being the highest and one the
lowest value) in an impact-doability matrix were
discussed, and of the top five ideas in each PESTEL
category, four were then selected for in-depth analysis.

framework (Political,

Each of the four ideas were then analysed by using de
Bono’s Six Thinking Hats framework. The parallel team
thinking framework consists of Six Thinking Hats that
are jointly performed within time limits set in advance,
typically in the following order:

e White Hat — Information and data: facts and
missing information about the subject

¢  Yellow Hat - Why it may work: objective values
and benefits

e Black Hat — Why it may not work: objective
dangers and problems

e Green Hat - Creative thinking: possibilities and
alternatives to reinforce yellow hat values and
overcome black hat problems

Int. j. eng. bus. manag., 2012, Vol. 4, 44:2012

e Red Hat - Feelings and intuition: emotions without
reasoning or justification

e Blue Hat — Managing the thinking: the facilitator of
the parallel team thinking session

The facilitator (Blue Hat) managed the sessions and
discussions, concluded and also participated in the
teamwork like the other panellists. In the beginning of
each four idea analysis set, one or two experts gave a
short briefing about the issue before the White Hat
session.

3.2 Empirical findings compared to earlier research

In the second phase of the research, the original list of
42 concepts and 15 sub-concepts in the first phase were
combined to 12 concepts. Of the original 161 ideas 63
were selected for the GDSS session. In the third phase
the four ideas, which were evaluated to contribute
significantly to renewable energy commercialization,
were further assessed by using de Bono’s Six Thinking
Hats framework. In the second phase, many ideas
turned out to be a combination of different PESTEL
categories, which resulted in regrouping the original
into political and legal, social and
environmental, and techno-economic categories. Purely

framework

economical and technological categories remained as
well. By definition, a concept has a general approach
and cannot be implemented on its own. The results
supported the theory well. The refined concepts and
examples of ideas are presented in Table 1.
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generation

Concepts Examples of ideas
Political & Legal Ways to get subsidies and financing  |Supporting grid investments suitable for
decentralized energy.
Lighter permit procedure by removing extra phases.
Ways to create a price for CO2 Developing CO:z accounting.
emissions
Economic Ways to support small-scale Building local grids.

plants

Ways to cut down the prices of power

Finding modular mass production units.
Developing novel construction material.

supply

Ways to increase renewable energy

Establishing cooperatives for energy production.

consciousness

Social & Environmental |Ways to increase environmental

Teaching students from childhood for how to
consume energy.

Supporting people to save energy, penalties for over-
consumers.

products

Ways to get buyers for renewable

Introducing CO: criteria for public procurement.

Technological Ways to create new technology

Developing concepts with many renewable energy
technologies working together.

Creating a home energy control system.
Renewable energy stored as liquid fuel.

more powerful

Ways to develop renewable plants as

Testing and piloting environment.

more powerful

Ways to develop renewable plants as

Finding novel materials for power plants.

Techno-economic

Ways to improve the electricity grid

Installing smart meters to follow energy
consumption.
Easier grid access for small-scale production.

system

Ways to improve the energy storage

Electric cars as energy storage for renewable energy.

Table 1. Refined concepts and examples of ideas
3.2.1 Overall voting results

In the GDSS session, the top ideas were related mostly
to economic, political and legal, techno-economic and
technological factors. In the economic factors ways to
cut down the prices of power plants, such as modular
mass production units, had their importance assessed
by the panellists. In political and legal factors, ways of
getting subsidies and financing encompassed many
important ideas, including grid investments suitable for
decentralized energy. In the techno-economic and
technological factors the ideas were related to ways of
improving energy storage systems e.g. using electric
vehicles as stores and ways of creating new technology
e.g., home energy control systems were evaluated as
the most important factors for commercializing
renewable energy. Next, an overview and a summary
of the focal research results of the selected four ideas for
more in-depth analysis are presented.

3.2.2 Six Thinking Hats 1: Finding modular mass production
units

Product architecture becomes modular when the
interfaces of functional components are designed to
allow component variations and the interface
specifications are standardized [24]. [25] adds that
modular design enables the addition of new functions
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to modular units at different system levels. Modularity
can also be split up into six different types: component-
sharing, component-swapping, cut-to-fit, mix, bus and
sectional modularity. Component-sharing modularity
enables the use of common components in different
products. In component-swapping modularity different
modules can be alternatively selected for standard
products and in cut-to-fit modularity the modules have
unique dimensions, such as length, width or height.
Mixed modularity appears when a combination of the
modules can be selected for standard products. Bus
modularity refers to the ability to add one or more
modules to an existing base, such as track lighting.
Finally, sectional modularity appears when standard
modules can be arranged in a unique pattern like Lego
bricks [26, 27].

Modular design has several admitted benefits. [28, 29]
claim that modularity is a prerequisite for ensuring
firms’ competitive advantage. The benefits of
modularity include increased economies of scale,
increased product variety, reduced time to market, cost
savings in inventory and shorter product life cycle. It is
also noted that modular design decreases product
complexity, enables mass customization and accelerates
product innovation cost efficiently [28; 30]. Modularity
also contains disadvantages: the modular approach
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Finding modular mass production units

White Hat

Information and data

Modularization varies, being more widely used in mature than evolving
businesses. Many bioenergy firms are SMEs and have inadequate resources for
modularization. Modularity increases the reliability and functionality of products
and improves firms’ profitability. It may increase development costs and hinder
innovation. The car industry is an adequate benchmark for modularity.

Yellow Hat

Objective values and
benefits

Modularity improves the reliability, functionality and possibility of the variation
and mass customization of products and systems. It enables serial production and
improved use of business networks. It reduces production costs by increasing the
market penetration of RE and is crucial in international business. Due to better the
competitiveness, subsidies are no longer as critical as previously.

Black Hat

Objective dangers and
problems

Integrated solutions sometimes just offer a better fit than modularity. SMEs are not
willing/capable to invest into modular design. Modularity may kill innovativeness
and firms may drop behind in development and lose their market position.
Modularity fits mature industries better than evolving businesses and it may lead
to overdesign of products.

Green Hat

Creative thinking:

When an industry matures, its dominant design is formed and modular designs
become more general. Modular and integrated solutions could be used in parallel
in order to offer the best solution. Manufacturers have to develop their production

possibilities and

to fit the CE-criterion in the future and this could increase the shift to modular

Feelings and intuition

alternatives design. A global renewable modular directory board needs to be established. Best
practices can be learned from other industries.
Red Hat Modularity is essential in the commercialization of RE.

Table 2. Results of Six Thinking Hats 1

may create unplanned additional fixed costs [31], lead
to overdesign with increased variable costs [32], or
modular design may lead to similar products due to
constantly used common modules [33]. However, it can
be concluded that in most cases the benefits of modular
design overcome the potential disadvantages.

In order to ensure and hasten the diffusion of the products
and systems related to renewable energy generation, the
products should be commercially and technically
attractive. The economic issue (mean 7.13, STD 1.81)
achieved the 19" rank among the assessed ideas. Modular
product design is most commonly used by bigger firms in
mature industries. It tends to increase customer
satisfaction and the firms’ competitive advantage, when
properly implemented. However, modularity may also
hinder innovativeness, lead to overdesign and produce
unforeseen expenses. All in all, modularity was assessed
as necessary in commercializing renewable energy in the
long run (Table 2).

3.2.3 Six Thinking Hats 2: Supporting grid investments
suitable for decentralized energy

Efficient transmission and distribution of electricity is
crucial to the future of the world. However, the current
electric power transmission and distribution systems
need to be upgraded urgently in many countries. Smart
grids offer the opportunity to improve the efficiency,
reliability and flexibility of electrical systems. They are

Int. j. eng. bus. manag., 2012, Vol. 4, 44:2012

used to integrate renewable energy sources and reduce
transmission and distribution losses [34, 35]. However,
smart grids have R&D requirements and environmental
and energy efficiency issues have resulted in many
governments supporting smart grid investments in
particular, in order to solve environmental and energy
challenges [36]. In the USA, for example, the state and
federal level politicians and state officials encourage
local demonstration and also wider adoption of new
technologies. Legislation for significant public (federal
ARRA funds) and private investments into smart grid
demonstrations have been established. However, more
profound energy policy analyses and tools are required
in order to support the required future grid
investments efficiently [37].

Decentralized electricity generation creates challenges
for electricity transmission, distribution and storage.
The issue defined in the political and legal category was
ranked 5% (mean 7.88, STD 1.89). The fluctuating
distributed energy generation and consumption may
require investments in electricity grid reinforcement
that could be significant. However, before the electricity
storage issues are mature enough, the necessary
investments may have to be carried out in order to
support the diffusion of renewable energy. Since
different countries and electricity distribution operators
(DSOs) have various practices, the legislation and
practices should be harmonized (Table 3).
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Supporting (government) grid investments suitable for decentralized energy

White Hat

Information and
data

Countries have various practices in supporting grid investments and electricity
distribution operators (DSOs) also have ones of their own. DSOs need investment
support from government/higher distribution charges. It was unclear whether any
government supports grid investments. Powerful networks have already been built
in countries like Finland. The lack of subsidies for small-scale renewable energy
(RE) raised concerns.

Yellow Hat

Objective values
and benefits

This idea would probably work, because the social acceptability of RE for
consumers and politicians has improved. If grid investments become easier, RE
investments will be more common. If the government supports grid investments,
DSOs have incentives to connect RE into the network. EU energy efficiency
commitments have set targets that motivate grid investments.

Black Hat

The financial crisis of the EU has diminished the support for new investments and
can slow down technology R&D. Government support is too expensive, especially

and problems

Objective dangers |with wrongly determined/directed subsidies. DSOs do not have incentives to
improve grid investments. Network investments e.g., for offshore wind, are
remarkable. The present electricity price is too low.

Green Hat

As a part of energy efficiency, residential customers could produce their own
electricity to avoid network investments. Locating RE should create criteria for
Creative thinking: [network planning. Big energy companies should tolerate small-scale production as
possibilities and  |pioneers in the changing operational environment. Optimized electricity use could

Feelings and
intuition

alternatives help avoid network reinforcements. The best solutions should be learnt from other
industries. The RE grid connection should be congruent with all DSOs. Strict
legislation for electricity markets is needed.

Red Hat Supporting grid investments was considered a good idea.

Table 3. Results of Six Thinking Hats 2

3.2.4 Six Thinking Hats 3: Electric cars as energy storage for
renewable energy

The energy efficiency of the electric grid can be
improved and the load peaks during peak hours can be
cut by utilizing energy storages and electric vehicles
(EVs) with smart vehicle-to-grid (V2G) characteristics
provide a qualified solution to meet this target. Large
adoption of EVs with improved battery technology will
eventually decrease the prices of energy storage
systems, and cut the distribution fees of electricity end
users. On the other hand, if smart grid development is
neglected, huge investments will be needed to reinforce
the aging electricity grid infrastructure [34].
Investments in the smart grid are especially important
when increasing renewable energy, such as wind or
solar power, in the energy generation portfolio, as these
intermittent renewable resources are not fully
predictable and have a tendency to fluctuate [36, 38].

www.intechopen.com

Wide utilization of EVs as decentralized energy
resources will efficiently cut the grid peak loads, but the
implementation of the system still requires remarkable
technological development, especially in control
systems [34].

The increasing volume of distributed and intermittent
renewable energy requires storage to be able to
balance demand and supply. The techno-economic
idea (mean 7.88, STD 1.46) received the 6% rank
overall. The use of electric vehicles (EVs) as energy
storage is an encouraging future issue. The diffusion
of EVs has to increase significantly and battery
technologies, charging and smart grid issues have to
be developed before this idea can be widely
commercialized (Table 4).
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Electric cars as energy storage for renewable energy

White Hat

Information and
data

The required network investments and technology cause concern. The systems
could work in the private sector and in cities, where electric vehicles (EV) can
operate. Plug-in and battery technologies have developed rapidly and China is a
leading country in developing EVs. The number of EVs and the battery technology
may set some limitations.

Yellow Hat

Objective values
and benefits

A number of EVs are already in use and more will come onto the markets. The
batteries of EVs could work as stores for renewable energy. The system could
provide new business opportunities and models. Finland could be a pioneer in
R&D due to their car-heating infrastructure. The stores can level out consumption
and production peaks and secure electricity supply during blackouts. Smart
charging and a smart grid environment will improve the development of EVs and
storages.

Black Hat

Objective dangers
and problems

The EVs and the whole system are still too expensive. The number of EVs is far too
small at the moment and the volume will not increase enough by 2030. The
initiatives for buying an EV are not enticing. There are still many uncertainties and
safety problems. The storage capacity of cars is too small compared with the
capacity of wind turbines. The batteries incur environmental problems and are not
developing fast enough. The charging of EVs is too slow.

Green Hat The panellists suggested tax incentives and more charging points for EVs, in
addition to exchange batteries at service stations. Public transportation should be a

Creative thinking: |pacesetter and the national transport associations could promote EVs. Different

possibilities and  |kinds of hybrid and electric vehicles are needed. The size of cars could provide

alternatives possibilities. Smart grid development is an extremely important issue.

Red Hat A positive idea, but the topic is not yet current. Many issues should be solved

Feelings and basis for this.

intuition

before using EVs as energy storages. The smart grid environment will create a

Table 4. Results of Six Thinking Hats 3

3.2.5 Six Thinking Hats 4: Creating home energy control
systems

A smart grid utilizes information and
communication technologies (ICT) in two-way
communication between customers and power
companies, in order to optimize energy distribution
and consumption. Intelligent home energy control
smart meters, power
consumption, communicate with smart home
appliances and are capable of optimizing energy
consumption and variable electricity tariffs [36, 38,
39]. The European Union (EU), for example, has
introduced directives binding the member states to
implementing instruments and systems to measure
energy consumption and efficiency. Smart home
energy control systems are offered to the market at
an increasing pace. However, many devices are still
under field testing and further development is
needed before the systems can fully contribute to
environmental and energy efficiency issues. The
most important driver for consumers to implement
smart home energy control systems are financial
benefits in terms of variable electricity tariffs based
on demand and grid conditions. The biggest

systems, or measure

Int. j. eng. bus. manag., 2012, Vol. 4, 44:2012

hindrances are related to consumers’ limited
willingness to change their routines and behaviour in
order to optimize energy use [38].

Home energy control systems increase consumers’
overall knowledge about energy issues, encourage
them to save energy and most probably increase their
use of renewable energy. The technological idea
received the 3* rank, with an average value of 8.63 and
STD 1.30 in the assessment. Versatile home energy
control systems are already commercial and their
implementation does not require any special resources.
The systems are still expensive and may be
technologically vulnerable, but mass-production and
large-scale implementation will eventually increase
their reliability and usability and lower the prices.
Detailed results are illustrated in Table 5.

All in all, the results supported the findings of earlier
research rather well. Among the ideas, modular
product design, EVs as energy storage and home
energy control systems had the closest fit with the
previous research.

www.intechopen.com



Creating home energy control systems

White Hat

Information and
data

The systems are already commercial, Germany being one of the leading countries.
The implementation does not require extensive resources or skills. The system can,
for example, guide room temperatures, limit the use of domestic appliances, be
connected to alarm systems, or electricity price. Grid load data could be included
in the parameters.

Yellow Hat

Objective values
and benefits

The systems increase consumers’ overall knowledge and interest in energy issues,
which could increase the use of renewable energy. The systems impact on
consumers’ behaviour and motivate consumers to save and use energy efficiently
and thus to save money.

Black Hat

Objective dangers
and problems

The systems and appliances are still far too expensive, complicated and
technologically vulnerable. The diffusion of the new concept will be very slow.
Consumers are afraid of any control upon their behaviour and malfunctioning of
the system. They are also concerned about the potential rise of energy prices due
to electricity optimization.

Green Hat

Creative thinking:
possibilities and
alternatives

Subsidies to consumers’ investments could increase the diffusion of the systems,
along with marketing emphasizing energy saving issues. Combining with other
devices may interest customers. Mass-production and large-scale implementation
will eventually lower the prices and ensure technology reliability. Legally binding
implementation of the systems will lead to comprehensive market penetration.

Red Hat

The systems are ready for piloting. The prices are likely to come down and the

Feelings and
intuition

systems will sooner or later become general.

Table 5. Results of Six Thinking Hats 4
4. Conclusions

Global climate change and the finiteness of current
primary energy resources have increased the importance
of more sustainable energy sources. This study has
focused on ideas and concepts of “How to get wind and
biomass electricity commercialized in the Nordic countries by
2030?” In spite of the complex and many-sided nature of
topic, the Lateral and Parallel Thinking methods proved
to be very useful toolkits. The Lateral Thinking methods
facilitated the contribution of diverse experts who would
probably  normally not  collaborate, = promoted
interdisciplinary and multidisciplinary and produced
potentially more radical ideas. With the Lateral Thinking
method the participants generated over 160 ideas and
almost 50 concepts. The focus stayed on the same issue
and also new ideas arose. The Parallel Thinking methods,
with the help of key experts, were used to develop the
selected ideas further. Finally, all information, benefits,
cautions and possibilities related to the idea could be
recognized. The Group Decision Support System (GDSS)
supported the panel assessment sessions well. The main
results were the final concept fan and the GDSS results.
The key results can be further augmented and utilized in
potential future research.

The assessed four ideas were seen as important
phenomena in commercializing renewable energy in the
Nordic countries during the next two decades. However,
some issues are more ready to market, whereas others
still need time, development and subsidies before
implementation. Home energy control systems, electric
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grid investments and modular product design were seen
as quite ready for implementation, whereas the idea of
electric cars as energy storage is not yet current according
to the panellists. All in all, the extensive diffusion of
renewable energy calls for customer benefits in terms of
lower cost and high numbers of reliable devices and
systems and lower cost of energy. Consistent government
support is also required for the next few decades.

The research contributed a significant number of ideas
and concepts for commercializing renewable energy.
Although there exist incentives, such as increasing
market demand, environmental concerns and new
business opportunities, many issues are still early on in
their lifecycle technologically and on the system level,
requiring subsidies, for example, before technology
maturity, learning curve effects and scale-of-economics
enable the economical viability of the products and
systems. The results contribute to previous research,
especially ideas such as home energy control systems,
EVs as energy storage and modular product design
support earlier findings. The research methods used were
solid and highly educated and experienced specialists
were selected as panellists in order to ensure the validity
and reliability of the research.

Overall, this qualitative case study revealed the
usefulness of the innovation methods used. However, a
systematic and wider comparison of other emerging
renewable technologies and historical cases would
probably provide a more solid ground to draw

Matti Lehtovaara, Matti Karvonen, Jussi Tuunanen, Olli Pyrhénen and Tuomo Kassi:

Commercializing Emerging Renewable Energy: A Case Study



conclusions of the methodology and commercialization
opportunities of the ideas. The concepts and also some of
the ideas were more general than concrete and after all,
some of the potentially most radical ideas were not
revealed. In addition, the members of the expert panel in
the process were chosen on an informal basis. Regardless
of the careful choosing of the panellists, there is always a
possibility of bias in the selection and contribution of the
respondents.
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