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Abstract. Combining the latest achievements in solar technology with the knowledge of agro-
economics and other fields of science, the transition from a fossil-fuel-based to a solar society
becomes feasible. For instance, it becomes possible to create solar carbon from organic
matter by means of Linear Mirror II systems. The study demonstrates the opportunity and
feasibility, also from an economic point of view, of transforming green waste negative
externalities into energy production with neutral CO2 emissions. Applying Isomorphs’ cheap
solar energy allows a better use of both municipal and rural green waste obtaining not only
bio-carbon or vegetal carbon for energy production but also biochar for soil improvement
(garden, horticulture, crops etc.) thus opening new frontiers of user friendly technology.
Keywords: solar energy, torrefaction, biochar, green waste, negative externalities, green and
sustainable economy

Introduction

There are presumably few scientific and technical issues such as solar energy
which are as much both utopian and dystopian. It is a utopia from a technical
point  of  view  in  sense  that  we  could  substitute  the  use  of  oil,  gas,  coal  and
nuclear power with solar energy, as will be discussed in this paper. There would
be no pollution anymore, no net production of C02, global warming would come
to a hold, the energy would be de-central, for everybody, in a certain sense for
free. What could be more of a utopia?
Nevertheless, Solar energy is dystopia since we have to switch to solar energy as
much  and  as  fast  as  possible,  and  this  will  cause  us  much  pain  and  problems.
First  of  all,  the transition to solar  society will  cost  not  only a lot  of  money but
we will need to do severe efforts to save energy, limiting our quality of live. We
will have to restrict our mobility, since battery driven cars can travel only short
distances. Huge industrial values will be annihilated, for instance our knowledge
about internal combustion engines will lose its relevance and therefore its value
– the engineers of the main car industries, who have for decades always
improved the motors, will have to retire.
The first, tiny steps towards this dystopia already have been done: who drives a
car drivers at night has to be very careful not to harm anybody, since street
lighting in many localities was significantly reduced. Energy-saving lamps give
a dull and unpleasant light at home. In some Italian universities one has to
interrupt work for two weeks in winter, and for all weekends during winter time,



Proceeding of the International Scientifical Conference.
Volume III.

166

since the buildings are closed and not heated in order to save energy. As a result,
to  prevent  this  worrying  scenario,  in  many areas,  most  of  all  in  the  USA,  new
and possibly harmful techniques for increasing oil or gas production are applied,
in order to postpone the transition to a solar society as long as possible. Even
nuclear power is reconsidered, in spite of Fukushima.
To overcome these problems (and challenges), EU integrated approach to
climate  and  energy  policy  pursues  three  pillars:  a)  security  of  supply;  b)
affordable energy for competitive economies; and c) environmental
sustainability (Chang, Iseppi, 2011). The objective is saving 20% of energy
consumption compared to projections for 2020 and reaching a 20% share of
renewable by 2020. Cohesion Policy 2007-2013 had already addressed its goals
toward the intensive use of traditional energy sources, energy efficiency and
renewable energies making regions a more attractive place while promoting
renewable energies as motors for innovation and growth (European
Commission, 2013).
In this paper we propose that dystopia can be avoided, and utopia can become
real  on  a  short  time  scale  and  with  little  investments:  four  years  ago  at  the
University of Udine a new solar concentrating device was developed, the Linear
Mirror. This device was further improved during the last years into the Linear
Mirror II model. It is able to perform solar torrefaction or solar pyrolysis. This
allows transforming materials of low energetic value into high quality fuels, able
to substitute directly natural coal and gas, and suited for the subsequent
production of liquid fuels. In this way, energy can be provided locally, making
use of existing local resources, which are of little or no use at present. Moreover,
it may be used for material recycling through the transformation of municipal or
rural green waste into biochar, a powerful agricultural soil improver (garden,
horticulture, crops etc.) thus opening new frontiers of user friendly and CO2
neutral technology.
The big challenge for this project of converting our fossil fuel based society to a
solar society is not of a technical nature. The big challenge lies in the fact that
the realisation of this project requires a very broad interdisciplinary effort,
including economists, agrarians, physicists, engineers, chemists, architects and a
direct and relevant communication between science and society. Information on
the development of the linear mirror can be found in the Isomorph site
(Isomorph, 2012). Recent measurement results can be found in the first author’s
last paper (Grassmann et al., 2013)

The Linear Mirror

In order to substitute fossil fuels and nuclear power, heat energy is needed at
elevated temperatures (100 ºC and above) which can be only provided by
concentrating solar devices. In principle, these devices should be very cheap.
One  m2 of glass or aluminium mirror costs about € 30. During each hour of
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sunshine, this one m2 can direct about 0.7 kWh of solar energy onto an absorber,
from where it can be transported to a heating system or an industrial process, for
a total of about 1000 kWh per year. This amounts to 100 litres of oil or 100 m3

of gas, for a price of typically € 100 which is three times as much as the cost of
the mirror.
With state-of-art technique, solar energy is very expensive. It appears to be
expensive, to make a large area of mirrors reflect sun light onto a smaller
absorber. An example is heliostat systems, where many mirrors reflect sun light
onto a common absorber. Each of these mirrors is moved by two high precision
motors, what increases the cost of the system.
The Linear Mirror, which entered the market in 2011, showed for the first time,
that two motors are sufficient to make move a large number of mirrors (24
mirrors in this case) reflecting sun light onto a common target. In 2013 an
improved device, the Linear Mirror II was presented by Isomorph Srl, a spinoff
of the University of Udine. The first prototypes again had two motors, while
current devices have three motors instead.
The Linear Mirror II device is a direct application of the physics law of
reflection: each mirror is mounted on an axis, which represents the diagonal of a
deltoid, where the two sides defining the deltoid are positioned or placed on the
direction of the incoming sun rays and the direction of the absorber,
respectively, as is explained in more detail in (Grassmann et al., 2013).
Due to their simplicity, Linear Mirror II devices are offered by Isomorph srl at a
reasonable price: a device, which produces 8 kW of thermal power costs 6,700
Euro, which is less then 1,000 Euro per kW. Together with considering public
incentives, the payback period can be as low as 5 years. (Isomorph, 2012).
Up to now Linear Mirror II devices have been built with 8 mirrors, but it is clear
from their principle of construction, that the systems can be extended to have
any number of mirrors, without the need of additional motors (Grassmann et al.
2013).
Apart from their simplicity and the resulting moderate price, Linear Mirror II
systems have the additional advantage, that their absorber is rather compact and
stationary, for instance it can be placed directly on the ground in a fixed
position. With the kind of absorber currently being used in Linear Mirror II
systems, water can be heated to 100º C and thermal oil to at least 180 ºC (also in
winter). In a first feasibility study, hay was torrefied at temperatures up to 300
ºC. For an economically useful industrial application a larger number of mirrors
may be needed in order to continuously operate at 300 ºC. Figure 1 shows a
sample of bio-carbon, or maybe better solar-carbon produced with the Linear
Mirrors II.  This  shows that  solar  torrefaction or  solar  pyrolysis  is  possible in a
simple way and at low cost.



Proceeding of the International Scientifical Conference.
Volume III.

168

Fig. 1. Solar-carbon produced from hay by means of a Linear Mirror II device

Torrefaction

Natural gas, oil and coal are the remains of plants, which did not undergo the
normal decomposition, by bacteria, after their death due to a lack of oxygen, and
which in a time span of millions of years under high pressures were transformed
to inorganic material. Torrefaction or pyrolysis is similar to those processes, it
transforms organic material to inorganic material in the absence of oxygen, not
necessarily under high pressure, but rather at high temperatures. The process of
heating material in the absence of oxygen is referred to as torrefaction at
temperatures of up to almost about 300 ºC, the processes occurring at higher
temperatures are referred to as pyrolysis. Depending on process conditions, bio-
coal, gas and tar can be the end products of the process.
Pyrolysis or torrefaction are very old and well known processes. For instance
coal gas (also called town gas) produced from pyrolysis of natural coal was
commonly used in European countries until the second half of the 20th century,
before large and cheap quantities of natural gas became available. In Berlin for
instance, town gas was used until 15 years ago.
The pyrolysis of natural coal increases the C02 content  of  the  atmosphere,  as
much as the direct combustion of natural coal or gas does. The torrefaction or
pyrolysis of plant material or organic material allows substituting fossil oil, gas
and  coal  with  pyrolysis  products,  which  are  instead  C02 neutral.  As  a
consequence, many research activities are being carried on worldwide, studying
the torrefaction or pyrolysis of organic material, and a number of companies are
already active, for instance producing bio-coal. (BalBic, 2013, DTA, 2013).
Torrefaction is an endothermic process. In all known state-of-the-art procedures
heat is provided by means of a combustion process. For instance, a part of a
quantity of wood may be torrefied by burning the remaining part. This limits the
efficiency and the economy of the process. Often this combustion is internal,
occurring in the same volume, where pyrolysis is taking place. In that case the
pyrolysis products will be contaminated and the gas produced will be diluted. In
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a solar pyrolysis device, one would provide heat energy not by means of a
combustion process, but by means of solar radiation.
There are dearth of scientific results on the topic of solar torrefaction or
pyrolysis. A possible explanation for this lack of research may be found in the
fact that several different disciplines must be combined in order to arrive at
meaningful results, as engineering, physics, biology, agrarian science, material
science – which makes the subject more difficult compared to non-
interdisciplinary research projects.

The advantage of converting municipal green waste into renewable energy

To give rise to the technological project presented here it is necessary to find
cheap secondary raw materials suitable for the purpose. The core idea is the
transformation of the negative externalities of municipal green waste into usable
energy.
The sector “Waste collection, treatment and disposal activities; materials
recovery” (Waste; NACE rev. 2 – E38) is part of the Division “Sewerage; waste
collection, treatment and disposal activities; materials recovery; remediation
activities and other waste management services” which includes three sectors
(NACE rev. 2 – E-38-E38-E39): 1) Waste; 2) “Sewerage, Remediation activities
and other waste management services” (Sewerage, NACE rev. 2 – E39); and 3)
“Water collection, treatment and supply” (Water ,NACE rev. 2 – E37). In EU-27
countries, all these activities provide respectively 0.81% and 0.75% of the
economic system output and value added (at basic prices). In 2008, its turnover
amounted to € 198.1 billion. Moreover, this Division totalizes 58000 businesses
and 1.27 million workers. Considering EU-27’s non-financial business economy
(Sections B to J and L to N and Division 95) this Division accounted for 0.9 %
of workforce and 1.4 % of value added. The Waste sector shares on the whole
sector are 45.5% of value added and 57.9% of employees. As Table 1 shows
Waste sector is low qualified labour using and capital saving. Its gross operating
rate  on  output  is  very  low  (13%)  compared  to  that  of  Sewerage  (20.9%)
although above non financial business economy average (9.7%; Eurostat, 2012).
Converting green municipal waste into renewable energy has a large potential to
engender sustainable economic development in the EU countries, creating new
jobs and reducing climate relevant gases. In addition, disposal costs are partially
spared.
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Table 1.
Key indicators, Waste management activities (NACE

Section E-38), EU-27, 2009. Source: Eurostat
Main indicators Value

Number of enterprises (1000) 36.4
Number of persons employed (1000) 735
Turnover (EUR billion) 108
Personnel costs (EUR billion) 35.8
Value added (EUR billion) 21.7

Derived indicators

Apparent labour productivity (EUR 1 000 per capita) 49.0
Average personnel costs (EUR 1 000 per capita) 30.5
Wage adjusted labour productivity (%) 159.2
Gross operating rate (%) 13.0

The importance of composting and digestion
Although only 8.87% of all waste is produced by households and 91.13% is the
consequence of economic activities, in this study Municipal waste (and in
particular green waste) is considered for its suitableness to be converted into
energy It consists of a large extent of waste generated by households, but may
also include similar wastes generated by small businesses and public institutions
and collected by the municipality. This part of municipal waste may vary from
municipality to municipality and from country to country, depending on the
local waste management system. In EU-27 countries, total municipal waste
treatment in 2011 amounted to 245 million Mg, while that intended for
composting and digestion totaled 36.8 million Mg.
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EU-27 Per capita municipal waste generation
by type of treatment method  (1995-2011)
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Fig. 2. EU-27 per capita municipal waste generation by type of treatment method

(1995-2011). Source: our elaboration on Eurostat data
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Per capita municipal waste has been more or less constant in 1995-2011, but
deposit onto or into land (landfills) decreased from 141.2 to 90.2 million metric
tons (Mg), due to the expansion of differentiated waste collection, lowering
negative externalities on environment. Non treated waste dropped from 19.3 to
8.5 million Mg likely for the expansion of organic waste collection (household
and green waste). The incineration/disposal slightly went down from 12.7 to
10.7 million Mg, while the incineration for energy recovery has almost tripled
from 17.9 to 45.3 million Mg in the same period, reaching 18.6% of treated
waste. These contrasting performances are determined, for the first trend, by the
strong unpopularity to incinerator while, for the second, by the economic
convenience, favored also by both incentives for alternative energy and
weakening of public opinion pressure (waste negative externalities are
overwhelmed by energy positive ones).
In absolute weight, EU-27 countries (reconstructed data) waste materials (by-
product) for composting and digestion valorization have increased from 13.1
million Mg in 1995 to 36.8 in 2011 million Mg nearly tripling the potential to be
eventually converted into energy by solar Linear Mirrors II. The marketing of
compost is greatly regulated and subjected to quality control. Since a long time,
the main producer from a quantitative point of view has been Germany
(Eggerth, L. et al., 2007)
Fig. 3 presents the trend of EU-27 Municipal waste generation intended for
composting and digestion treatment (Kg. per capita). The trend is smoothly
increasing for EU-27, Germany and France while for Italy the trend is first
strongly upward and then sharply downward; the hypothesis is that the latter
trend was affected by the delay in the introduction of differentiated waste
collection in comparison with other countries.

Fig. 3. EU-27 Municipal waste generation and treatment: composting and digestion

Source: our elaborations on EUROSTAT data
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The Lorenz’s curve plots the cumulated percentage of municipal waste for
composting and digestion collected by various portions of the 27 EU countries
ordered according to the increasing size of their collections. As shown by Fig. 4,
in 1996 the bottom 37% of the countries generated the 0% of composting and
digestion materials, while in 2011 only 3.7% of them have no collection for this
type of treatment. Actually Gini’s concentration index went down from 0.856 in
1996 to 0.760 in 2011 demonstrating that inequalities among countries declined.
At present almost all countries treat waste to composting and digestion. In 1996
the first four countries (Germany, France, Netherlands and Austria) collected the
82%  of  all  waste  materials  for  compost  and  digestion,  but  in  2011  this  share
declined to 64% (Germany, France, United Kingdom and Spain); Italy stems at
the  5th position starting from the 21st in 1996. A possible interpretation is that
EU countries have realized, in the last 15 years, that certain types of waste could
be a resource to exploit and not to dispose off (Chang, Iseppi, 2012).
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Fig. 4. Lorenz's concentration curve of the EU 27 countries producing compost

Energy from green waste  “is increasingly extracted from the material recycling
chain, as a result of the financial subsidy … Unlike energy recovery, material
valorization is not currently subsidized … in particular when using composts
gained from the process as a new raw material in different types of potting
compost and plant culture media as a replacement for peat. Through the
analysis of material and energy valorization methods for green waste, with
particular emphasis on primary resource consumption and CO2-balance, it
could be determined that the use of green waste for energy generation and its
recovery for material and peat replacement purposes can be considered to be on
a par.” (Kranet et al., 2010, p. 697).
From vegetal biomass pyrolysis, it is possible to obtain biochar which is a
vegetal carbon and a powerful soil improver, having an 80-90% of carbon
content. The compact structure of biochar prevents degradation by soil
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microorganisms. Therefore, it does not spread into the atmosphere but stores
carbon dioxide in the soil. Its high porosity increases water retention and
nutrient retention availability improving soil structure and its mechanical
properties (Romani M. et al., 2013, p. 6). It provides an appropriate habitat for
fostering useful symbiotic relationships between microorganisms and plants
which essentially produce a synergic soil amelioration partition (Ogawa, 1994).

EU renewable energy and the growing trend of solar energy

The energy intensity of the economy measures the extent to which energy is
being used more efficiently in the creation of wealth. The index decouples
energy use from GDP growth. Actually in 1990-2010, EU energy requirements
dropped from 330 to 168 kg of oil equivalent per € 1000 of GDP proving that its
economic system has become energy saving (Rosa, 2007). This decreasing trend
was more pronounced in the 90s and more uniform in the following years
subsequently.
In 2000-2011, the production from renewable sources in the EU-15 grew by
230.5 TWh from 380.3 to 610.7 TWh (approximately +61%). The main
producers are in order Germany, Spain, Sweden, Italy and France. Also the
partition among the various renewable energy sources (RES) has varied greatly:
from an initial situation in which the hydraulic source relevance was almost
exclusive (84% of production from RES) to a final (2011) in which its weight
dropped to 45% (274.5 TWh). On the contrary in 2011, wind power and
bioenergy contribution to the total renewable has increased to 28% and 19%
respectively (169.2 and 116.9 TWh). Solar source, which was almost nothing,
now represents 7% of RES production and totals 43.8 TWh (GSE, 2012, p. 113).
Analyzing the composition of renewable production mix in EU-15 countries, it
is possible to verify that in Austria, Sweden and France the production from
hydraulic source in 2011 on total RES is equal to 70% or higher. Wind energy is
widespread in Denmark and Ireland, where it accounts for 70% and 81% of
renewable energy production respectively. For Spain and the United Kingdom
these percentages are 49% and 45%. Bioenergy have the greatest weight in the
mix of production of renewable in Netherlands (57%), Belgium (53%) and
Finland (44%). Production from solar source reaches in Germany 19 TWh, in
Italy and in Spain it is over or near 10 TWh. Geothermal power is relevant only
in  Italy  with  more  than  5  TWh.  The  production  by  tidal  and  wave  action  is
present only in France with 0.5 TWh (GSE, 2012, p. 114).
The current trend for solar energy demonstrates its enormous potential for years
to come, encouraged by EU policy that aims reaching a 20% share of renewable
by 2020.
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Solar source Applications

Solar torrefaction or pyrolysis has three major advantages.
1. It makes torrefaction of organic material more efficient, since no material

must be burned in order to provide heat. Instead, the entire material can be
processed.

2. There is no internal combustion, therefore the torrefaction or pyrolysis
products are much cleaner, and the gas produced is not diluted?.

3. May be most important: solar torrefaction or pyrolysis is a way of storing
solar energy. In summer and autumn plant material (for instance) can be
processed to solar-carbon, this solar-carbon can be stored without problem
and it can be used in winter, when there is no sun.

Solar pyrolysis gives also the prospective to use very humid material, for
instance green grass or grass-silage. Therefore, new and economically
interesting material sources can be made useful for energy production, like
grass-silage. Some of this material would even come for free. For example, in
the city of  Udine (Italy)  near 5800 Mg of plant  materials  are collected in 2011
from municipal area each year, this material is deposited at an established price
per Mg. We roughly estimate that from 1000 to 2000 Mg, employee from the
heat of the treatment and the quality of material, of solar carbon or 10-20 GWh
of energy could be made from this resource per year, with an input material,
which is for free and which is already being collected. The energy produced can
meet approximately between 30% and 50% of electricity household needs in the
city of Udine. Extrapolated to all of Italy, this would be about 600000 Mg of
solar-carbon per year corresponding more or less to 6000 GWh of energy.
The 5782 Mg of material collected at Udine each year are distributed over the
year in a way, which is favouring the use of solar energy, as shown in Table 2.

Table 2.
Amount of plant material collected in the municipality of Udine area

during the year 2011
Month Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.
Mass
(Mg) 263 183 600 351 730 652 533 420 512 616 578 341

More generally, all kinds of domestic waste and a part of industrial waste could
be used for solar torrefaction or pyrolysis. Apart from the energy, which could
be gained from that, solar pyrolysis would in addition save the energy which is
presently consumed for the incineration of the material. Also sewage could be
processed by means of solar torrefaction. In a first step it need to be dried, in a
process very similar to the desalination of water. Beyond that, and in particular
for countries like Italy, which is not rich of forests, the possibility to use grass or
other kinds of cheap plant material for the production of solar carbon would be
important.
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Conclusion

The Linear Mirror technology provides cheap solar energy at sufficiently high
temperatures for the torrefaction or pyrolysis of organic matter. On one hand
this opens new energy sources in a C02 neutral way. On the other hand this
procedure represents a way to store solar energy without losses for long periods
of time. The resulting bio carbon, or "solar carbon" could be used in existing
infrastructure, for instance one could operate existing coal based power plants
by means of solar carbon. Also the gas produced by solar pyrolysis processes
could be used by means of existing technologies.
In order to implement these procedures successfully, a strong interdisciplinary
effort is needed, involving physics, engineering, agro-economics, biology and
other disciplines. To get such a broad collaboration of minds working together
will require special efforts, but there is no alternative; as long as we do not
succeed to create this kind of coalition, we will need to continue using gas, oil
and uranium.

Summary

In the brief period, the transition from fossil-fuel-based to a solar society is a utopia and the
economic dystopia is prevailing in various countries with the application of “new” and
possibly harmful techniques for increasing oil or gas production or even nuclear. EU pursues
the objective of saving 20% of energy consumption and reaching a 20% share of renewable in
2020 by an integrated approach to climate and energy policy (European Commission, 2013).
The economy resilience has led in EU (1990-2010) to reduce drastically the energy
requirements from 330 to 168 kg of oil equivalent per € 1000 of GDP. In 2000-2011, the
production from renewable sources in the EU-15 grew by 230.5 TWh from 380.3 to 610.7
TWh (approximately +61%). In 2011, the share of RE in the energy mix is the following:
hydraulic 45% (274.5 TWh); wind power and bioenergy 28% and 19% (169.2 and 116.9
TWh); solar 7% of RES production and totals 43.8 TWh (GSE, 2012, p. 113).
Combining the latest achievements in solar technology with the knowledge of agro-
economics and other fields of science, the above transition becomes feasible. For instance, it
becomes possible to create solar carbon from organic matter by means of Linear Mirror II
systems. The study demonstrates the opportunity and feasibility, also from an economic point
of view, of transforming green waste negative externalities into energy production with
neutral  CO2 emissions.  Applying Isomorphs’ cheap solar energy allows a better use of both
municipal and rural green waste obtaining not only bio-carbon or vegetal carbon for energy
production but also biochar for soil improvement (garden, horticulture, crops etc.) thus
opening new frontiers of user-friendly technology.
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