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Abstract

Most forest chips are delivered to large-sized, combined heat and power
plants in Finland. In this study, we introduce and demonstrate the small-scale
delivery of forest wood chips to potential clients, with the wood chips being
delivered in a container truck and pneumatically blown into a storage facility.
This arrangement of wood chips being blown through a pipe into a storage
eliminates the ground handling while requiring a relatively small space. In the
demonstration tests, we tested the volumetric flow of biomass in the hose and
its noise level while the blower was blowing the material and the flow speed of
the material in the hose. This study discusses the test conditions in which the
compatibility and suitability of the truck and its hydraulic system were used
in conventional chip delivery in Finland and the selected blower type was in-
vestigated. According to the results, the biomass volume flow was higher
(~0.46 m*/min) when the blower revolution was lower (2392 - 2566 RPM).
However, when the RPM was increased to ~3000, the volumetric flow de-
creased to ~0.24 m’/min. Similarly, the speed of the chips was higher with a
lower RPM; 29.9 m/s at an RPM of 2400 and 25 m/s at an RPM of 2700. This
is potentially due to both the blower and screw conveyer using the same
power source. Additional optimization research would be needed to conclu-
sively state the root cause of this phenomenon. On the other hand, chips from
pruned stems had better flow than the chips from whole trees, since chips
from whole tree have a wider range of chips sizes, including 1.3% of chips
being in the range of 31.5 - 40 mm. The larger chips clogged the hose, which
hindered the flow. Finally, the noise tests showed that it was louder at 0 de-
grees, which contrasted with the situation for the blower, with an aside at 90
degrees.
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1. Introduction

Biomass is considered as an important renewable alternative to fossil fuels in
energy generation [1]. Many countries, including Finland, are aiming to elimi-
nate coal from energy production and biomass is the foremost candidate to re-
place it [2]. On the other hand, biomass is abundantly available in Finland and
wood fuel alone contributes 27% of the consumed energy in Finland. It is im-
portant to note that a significant share of biomass energy goes into the heating
sector [3]. Furthermore, a significant part of such energy comes from large-scale
combined heat and power (CHP) power plants as a district heating network [4].
However, in rural Finland, where such a district heating network is not available,
households must turn to stand-alone heating systems, such as chips/pellets fired
heating, direct electricity heating, heat pumps, and oil-fired heating. According
to the statistics on heating systems, direct electricity (34%), district heating
(28%), wood (22%), ambient energy (9%), and light fuel oil (5%) constitute the
major sources of energy for heating [5].

In the case of using biomass for a heating system in a decentralized set up,
biomass poses additional challenges compared to its competitors, such as han-
dling and storage issues. In addition, the moisture content of biomass is a sensi-
tive issue because it affects the efficiency of the whole heating system, thus re-
quiring dry space for storage. In addition, most forest chips are delivered to CHP
plants on trucks and trailers, and the small-scale delivery of forest chips is not
very common in Finland. For these reasons, many households are turning away
from biomass-powered heating [6]. The advantages and disadvantages of tradi-
tional and small-scale delivery are compared in Table 1. This research paper in-
vestigates the practicalities of delivering forest chip on a small-scale to heating

consumers.

Table 1. The advantages and disadvantages of traditional and small-scale delivery.

Advantage Disadvantage

+ Larger volume capacity
Traditional delivery + Fewer transport quantities - Large loading/unloading space
(full-trailer truck) + Lower transport costs - Slower loading/unloading

+ Suitable for long distances

- Smaller volume capacity
Small-scale delivery + Small loading/unloading space - Several transport quantities
(truck/lorry) + Faster loading/unloading - Higher transport costs

- Unsuitable for long distances
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With this new delivery solution, wood chips are blown pneumatically into a
fuel storage system. Wood chip trucks can be unloaded by using a wood chip
blower and a hose into desired space or tall silos, like an oil truck. This new
blowing method eliminates the ground handling while requiring a relatively
small space for unloading. The unloading method does not get dirt or mess the
places, because the chips go through the hose directly to the fuel storage. With
these improvements, pneumatic blowing can provide the necessary solution in
favor for small-scale delivery. The unloading technique of the new delivery solu-
tion is also suitable for wood pellets and other solid biomass, such as straw, bark,
and other similar materials.

The main target groups of the blowing system are the solid biofuel manufac-
turers and suppliers as well as the logistics carriers and the manufacturers of
trucks superstructures. In addition, the secondary target groups are the boiler
manufacturers, energy producers, and energy users with an energy production
solution that requires an upgrade or a change. The latter target groups are re-
lated to the entire heating chain for wood chips.

The main objective was to test and measure the pneumatic transfer of wood
chips for cases in which the unloading takes place directly from the truck’s con-
tainer to a fuel storage facility. Measurements included the quality of the chips,
the rotation speed of the turbine, the volume flow of the chips, chip speed, and
the noise level of the blower. The secondary objective was to introduce the tech-
nology behind the blowing concept and the supply chain alternatives for wood
chip delivery. The study promotes wood-chip heating at large properties and
small heating plants, especially when replacing older oil-fired boilers with bio-

mass or wood chip boilers.

2. Technology behind the Blowing Concept and Supply
Chain Options

2.1. Blowing System

This new pneumatic blowing system can also be used for applications other than
just biomass supply logistics. Such applications may include landscaping and
gardening, where biomass can be blown into planting areas for weed control.
Moreover, litter and feed can be blown onto farms and into horse stables. In ad-
dition, sawdust can be blown onto jogging trails in outdoor areas and snow sto-
rages can be filled in ski resorts for the winter. Blowers can also be used to
spread mineral wool at construction sites [7].

The French company Romanet Sarl patented this solution for a solid biomass
delivery system based on a wood chip blower. In 2007, the first wood chip blow-
er was developed by a home smithy of the company [8]. Utilizing this renewed
technology, the Finnish company Lampoési Oy has adapted the new solution to
fit the situation in Finland, and they have licensed it to themselves [7]. There-
fore, chip blowers have also been manufactured in Finland since the beginning
of the 2020s.
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Currently, the blower models come in four sizes, depending on the diameter
of the blades: JYJ400, JYJ500, JYJ600, and JYJ700. The blowing capacity varies
depending on the material and the blower model (Table 2). The blowing capac-
ity is 0.3 - 1.2 bulk-m*/min with wood chips and 5 - 15 t/h with wood pellets [8].

The driving force is obtained from the electric motor for the smaller blowers,
such as with models JYJ400 and JYJ500. Alternatively, the blower can operate
independently as an internal combustion engine (Figure 1). The smaller blowers
are normally mobile and are suitable for spreading biomass for landscaping and
farming purposes. Usually, the spreadable materials are litter, feed, and fertilizer.
[7] The larger blowers, such as the JYJ600 and JYJ700, are powered by the ve-
hicle’s hydraulic system [7]. The blower can also be installed between two walls
at the rear of the load space. The latter wall protects the blower against damage
and reduces the noise of the turbine. Model JYJ600 was available for this paper’s
pneumatic blowing tests in 2019-2020 (Figure 2).

A slightly different blower is used to blow wood pellets, one which does not
break the pellet’s surface when blowing them. Pellets are normally transported in
large, flexible bulk bags (1 m?), so the new blowing technology makes it possible
to remove the crane from the vehicle. All blowers can also be used as the ex-

hauster in the other direction [7].

Figure 1. The mobile blower JYJ500 [7].

Figure 2. Model JYJ600 installed in a transfer container for blowing tests.
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Table 2. Capacity information for JYJ400-JYJ700 models [8].

Blowing distance (m) Capacity, wood chips (bulk-m*/min) Capacity, pellet (t/h)

JYJ400 >15 0.3-0.6 5-6

JYJ500 >20 0.5-0.7 8-10
JYJ600 <40 0.6-1.0 8-12
JYJ700 <40 0.8-1.2 10-15

2.2. Synergy between Container and Blower

A new KOME composite transfer container (plastic composite) was used in the
tests, where the wood chips could slide on the container’s surface due to the
slippery and non-freezing nature of the surface (Figure 2) [9]. Freezing prob-
lems have typically occurred especially when metal containers are used. As a re-
sult, the chips usually freeze onto the surface of the metal container, preventing
the slipping of the chips. The container itself was a normal transfer container
commonly used for the delivery of wood chips in Finland. The internal dimen-
sions of the container were as follows: length 6 m, height 2.7 m, and width 2.4 m.
Total volume of container was 36.6 m’. The volume of the container would have
been larger, but the fact that the rear wall was at an angle of 30 degrees in rela-
tion to the vertical wall reduced the volume by 2.3 m? from the theoretical box
model.

The maximum tip angle of the truck was 49 degrees. Figure 3 shows a sche-
matic diagram of the chip blower connected to the transfer container. The main
principle of pneumatic blowing from the container is that the truck raises the tip
up and the chips begin to slide onto the screw conveyors to the rear of the con-
tainer. Screw conveyors transport the chips to the blower’s turbine, which pro-
duces the force for pneumatic blowing. The turbine is powered by a hydraulic
motor installed in the blower, and the motor is connected to an oil tank with
hydraulic hoses.

2.3. Alternatives for the Blowing Supply Chain

The blowing concept requires a great deal from the entire supply chain to make
it work, from the sourcing of the raw material all the way to the end users. The
starting point of the concept is that the supply chain needs high-quality wood
fuel from regional fuel suppliers. The blowing concept can be integrated into two
alternative supply chains for wood chips, either a terminal chipping chain or a
roadside chipping chain (Figure 4). Thanks to integration, the blowing concept
creates a new supply chain for wood chip delivery, which will be called the
blowing supply chain.

This chain starts with the purchase of a pruned trunk from the roadside. De-
pending on the chipping chain, the trunks are chipped either by the roadside di-
rectly into the blowing truck or at the terminal to the storage stack after log
transport. The terminal chipping chain also entails another extra work step,
loading with a wheel loader, when compared to a direct roadside chipping chain.

The wood chips are then transported to the destination, where they are blown
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with a hose into the customer’s fuel storage system. Wood chip sites may include
district heating plants, heat containers, or larger-sized properties. The last two
sites are usually located in a difficult location, making unloading impossible with
a normal chip truck. The new mobile heat containers that have entered the mar-
ket are suitable for the heating of large-sized industrial buildings as well as larg-
er-sized family houses that need a new heating solution to replace an expired oil
boiler.

3. Material and Methods

The blowing tests were carried out at a typical district heating plant, in the re-
gion of central Finland (Figure 5). The tests were conducted both in summer
and in winter to assess the success rate of chip feeding into a blower even in
freezing temperatures. The tests took place between autumn of 2019 and winter
of 2020. In total, five blowing tests were performed. In each individual test, one
full container of wood chips was pneumatically unloaded. The outdoor temper-
ature was higher than 4°C in tests 1, 2, and 5, while in tests 3 and 4 the tempera-
ture was cold enough that frost persisted. The outdoor temperature was —15°C
in test 3 and -7°C in test 4.

Hydraulic hose

Hydraulic
motor
. Oil
Blower 0 Container il
Turbine Screw conveyor

Figure 3. Diagram of the chip blower in the transfer container.

Terminal chipping chain

ﬁ’am—’a/ — A% 53

Wood stack Wood chips Wheel

Full trailer log Chipper
loader

truck

Roadside chipping chain

Wood stack C hlpper Blowing truck

Use places J L
—

District heating plant Heat container Largish property

Figure 4. Diagram of the integration of the blowing concept into the
most common biomass chipping chains.
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Figure 5. Central Finland on a map of Europe.

The aim was to arrange the blowing tests in connection with typical wood
chip deliveries to the district heating plant, thus eliminating the need for sepa-
rate deliveries. The truck was the same vehicle that had transported wood chips
to the heating plant before, but it used the KOME composite transfer container
installed with the chip blower (JYJ600). It was assumed that the revolution speed
and power of the truck’s engine or hydraulic motor would not increase as the
chip load increased during the tests. In this case, each test tended to run through
a specific revolution range.

The maximum pressure of the hydraulic system of the chip blower was limited
to 350 bar by a valve. According to the blower manufacturer Romanet, at a
pressure of 250 bar the optimal rotation speed of the blower turbine should be
achieved, which is 4500 RPM [8]. This is where the main point of this study
comes in. The maximum pressure of the truck’s hydraulic system used in the
tests was 160 bar, which was checked via measurements before starting the ac-
tual blowing tests. In this case, the pressure of the truck’s hydraulic system was
the single greatest limiting factor when considering the peak revolutions of the
turbine.

The following section describes in more detail the feasibility of each mea-

surement method and the properties of the wood chips used in the blowing tests.

3.1. Material

During the tests, a sample of chips was collected from each container to deter-
mine the particle size distribution and another sample was collected to deter-
mine the moisture content. The chips were collected in the sample bags from
several different sampling points according to the sampling standard SFS-EN
ISO 18135:2017 [10]. All the sample bags were stored in a cold room at 5°C be-
fore the laboratory tests. The chip samples were analyzed according to the fol-
lowing standards for solid biofuels: SFS-EN ISO 14780:2017 (sample prepara-
tion), SFS-EN ISO 18134-2:2017 (moisture content), and SFS-EN ISO 17827-1
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(particle size distribution) [11] [12] [13]. For the latter standard, the specifica-

tion differed from the standard for sieve sizes and shapes.

3.2. Methods

3.2.1. Rotation Speed and Volume Flow

The rotation speed of the turbine (r/min) was measured with a tachometer when
blowing the chips. The test was performed by applying a piece of tape to the
shaft of the turbine and measuring its rotation speed optically with a hand
gauge. A normal-use CEM DT-6236B tachometer was used in the study [14].
The measurement accuracy of the device was £0.05%, and the maximum mea-
suring range was up to 100,000 RPM. Corresponding measurements were also
made for an empty load, in which case the blower rotated without chip resis-
tance.

The volume flow of chips (m*/h) from the hose (diameter 150 mm) was cal-
culated in relation to the volume supplied (m*) and the time used. In the tests,
the volume flow was calculated for the time period, which was used for blowing
the entire container (36.6 m’). The running time was always stopped if any in-
terruptions occurred. The length of the hose was kept constant, being two me-

ters during the tests.

3.2.2. Speed of Chip

The speed of chip (m/s) was measured at the mouth of the hose when the mo-
tion of the individual chips was recorded with the help of a video camera. The
measuring distance of the chips was one meter, and the distance was marked out
with a standing wooden stick. The speed of chip was subsequently calculated
using a slow-motion video image. Speed v was calculated using the formula,
v=d /t , where d was the traveled distance and ¢ was the used time. Unfortu-
nately, chip speed measurements were performed only for the last three blowing
tests. In each blowing test, the speeds of six different chips were measured and
the average speed for the chip calculated. In this case, it was also possible to cal-
culate the standard deviation for the average speed.

3.2.3. Noise Level

Standard ISO 1680:2013 applies to noise measurements for the wood chip blow-
er [15]. The standard is called the Acoustics—Test code for the measuring of
airborne noise emitted by rotating electrical machines. This standard defines a
less accurate test method to be used when the measurement conditions do not
meet the requirements of an exact standard. The noise level of the blower (dB)
was measured at several points at a constant distance from the blower (Figure
6). A normal-use Amprobe SM-10 sound meter was used in the study [16]. For
the sound meter, the measuring range was 30 - 130 dB, while the A-weighting
and its frequency range was 31.5 - 8000 Hz. The standard recommends a mea-
surement distance of one meter, but measurement distances of 5 m, 10 m, 15 m,
and 20 m were also used for the noise measurements. These alternatives gave

some indication of the sound behavior in open ground.
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Sm 10 m 15m 20 m

Figure 6. Principal view of the noise measurement
points marked with red dots.

Although it is important to know the noise level of the machine under load,
almost all current national standards define the machine’s measurement mode
when idling and define possible noise limits related to it. The reason for this has
to do with measurement difficulties. In the blowing tests, noise measurements
were performed with the blower in two different cases: in the first case, the hatch
of the protective box was closed, while in the second case the hatch was open at a
180-degree angle. According to the safety instructions for the blower, the hatch
of the blower must be closed and locked during operation, but the hatch was
kept open only for measurement purposes at that moment. The measuring
height was 1.5 m at each measurement. The A-weighting was used in all blowing

tests.

4. Results
4.1. Quality of the Wood Chips

The quality results for the wood chips are presented in Table 3. The average
moisture content of all the chips was 35.4 w-%, and we detected no large devia-
tions in the results for the individual moisture samples. Only the chips of the
fifth test were clearly drier than the others, being at 28.3 w-%. We also detected
no large deviations in the particle size distribution of all the chips. However, the
distribution shows that the chips from the fifth test were 11 w-% higher than the
average in the size class of 16 - 31.5 mm. Correspondingly, in the size class 2 - 4

mm the weight proportion was 6.8 w-% lower than the average.

4.2. Rotation Speed and Volume Flow

The rotation speed of the turbine and the dependent volume flow of the chips
are shown in Figure 7. A clear relationship between the two can be seen in Fig-
ure 7. We drew a polynomial trendline on the graph to clarify the consistent si-
milarity of the measuring results. During of all five blowing tests, we measured
the free running zone of the blower for the area at 3119 - 3405 RPM.
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Table 3. Quality results for wood chips.

Moisture
Chip Weight distribution according to the size class
Tests A content
material (w-%)
(w-%)
>50 >40 - 50 >31.5 - 40 >16 - 31.5 >8-16 >4-8 >2-4 0-2 Total
mm mm mm mm mm mm mm mm (w-%)
1 Pruned trunk 38.0 0 0.4 0.7 6.4 34.8 35.3 14.8 7.6 100
2 Whole tree 37.7 0.1 0.2 1.3 5.2 26.5 33.9 18.4 14.4 100
3 Pruned trunk 36.4 0 0.4 0 6.2 45.4 27.3 13.2 7.5 100
4 Pruned trunk 36.4 0.1 0 0.1 3.4 42.8 28.3 16.9 8.4 100
5 Pruned trunk 28.3 0 0.1 0.1 19.1 46.1 22.5 7.3 4.8 100
Average 35.4 0.0 0.2 0.4 8.1 39.1 29.5 14.1 8.5 100
0.6
Test 5
0.5 2392 246072566
.. o Test 4
g 0.4 2509.2554 - 2654
= o e, @ .
=) Test 3
; ..2"719 § Test 2 Test |
& WBF—"T—1—11—
[ ® [T 3009 3084 3260 3354 3369
g ek ® eo
=
= 02
>
Free running zone
0.1 3119 - 3405 RPM
0

2300 2400 2500 2600 2700 2800 2900 3000 3100 3200 3300 3400
RPM

Figure 7. Rotation speed of the turbine affected the volume flow of chips.

4.3. Speed of Chip

We measured the speed of chip from the last three blowing tests. We defined the
average speed for the chip in each blowing test (shown according to the prevail-
ing RPM in Figure 8). The standard deviations of average speeds are also noted
in the same figure. Figure 8 shows that when the RPM was low (being about
2400 RPM), the average speed of chip was clearly high (being 29.9 m/s).

4.4. Noise Level

We measured the noise level of the blower in each blowing test, and their aver-
age results are shown in Figure 9. Figure 9 shows that the noise level was higher
in the vertical measurements to the blower. Respectively, the measurements
taken from the side gave slightly lower noise levels. In addition, the protective
box had muted the noise. For example, at a distance of one meter, the noise level

was muted by approximately 1 - 7 dB.
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Figure 8. Average speed of chip according to the RPM (the standard
deviations for speeds are also marked).
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B8 - 10048

80-89 dB 70-79 dB

Figure 9. Results for blower’s noise level measurements. In case (a), the hatch of the
protective box was closed and in case (b), the hatch was open at a 180-degree angle.

5. Discussion

In this paper, we introduced a wood chip blowing system that can pneumatically
blow wood chips straight from the container truck into a storage silo through a
hose. This system can be exploited for hard-to-reach delivery places, such as
narrow passes where rear unloading and side unloading are not possible. Thus,
this system can be a new logistics solution for small chip deliveries. Normally,
the final delivery locations for wood chips can be small district heating plants,
large properties or, for example, mobile heat containers offering a new innova-

tion in heating. This special heat container can also be a solution for reducing
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the use of fossil fuel.

The blowing system itself can be used for other materials in addition to wood
chips. The system can also be used to blow the pellets, but at that time a slightly
different type of blower must be used, the blades of which do not break the
structure of the pellet. In addition, it can also be used in industry, on farms, for
infrastructure and landscaping, for gardens, and for many other applications.
Lastly, this system also eliminates the ground handling of biomass at the delivery
destination when additional equipment is required, such as bucket tractors and
wheel loaders.

No comparative study was found in the literature for this pneumatic wood
chip transfer. In addition, no similar studies have been performed with a similar
blowing device in the past, and information was found in the literature mainly
on various old patents for totally different wood chip ejectors or separators.
Therefore, no comparative study with other similar studies was performed in
this paper.

The actual blowing tests yielded quite expected results. However, the tests did
not achieve as much flow capacity for the JYJ600 model as the system developer,
Romanet Sarl, has reported (Table 2). The tests did not attempt to achieve full
capacities for the volume flow of the chips, as the purpose was only to measure
reliable rotation speeds. During the tests, in several instances the blower was
close to choking when too many wood chips moved from the feed screw to the
blower. In this case, both were overloaded, and the oil pressure was not suffi-
cient to maintain the turbine rotation speed, especially if long sticks clogged the
blower’s hose. Such situations can occur especially when delivering wet and
sticky chips (length over 10 cm). In these operating situations, the blower user
hears a sound indicating that the feed screw’s speed must be reduced. Therefore,
it is recommended that only good-quality wood chips be used in the chip blow-
er, since wood chips made with a crusher can contain long sticks.

For the whole blowing system, it should be remembered that both the screw
conveyors and the blower take power from the hydraulic motor. In practice, if
the blower’s RPM is increased, then the rotation of the screw conveyors will slow
down in proportion. For this reason, we can also observe from Figure 7 that if
the volume flow capacity of the wood chips decreases, then the RPM of the
blower increases. However, based on the results, it can be assumed that if we had
further reduced the blower speed below 2400 RPM, then the volume flow of the
wood chips would have increased even more significantly. Unfortunately, this
trendline development is left to speculation, as we did not manage to do so dur-
ing the test days.

During the tests, we also measured the flight speed of the chips from the end
of the hose. The average chip speed varied from 24 to 29.9 m/s, depending on
the RPM of the blower. However, the number of measurement shots was low,
and no major conclusions can be drawn from the results. The average speed had
a standard deviation of up to 3.74 m/s, which is an indication of the varying

speed at the end of the hose. The variability in average speed was certainly
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caused by the uneven feed of the chips into the blower, with the screw conveyors
conveying the chips to the blower. In addition, the irregular slipping of chips to
the screw conveyors caused an imbalance for the power of the hydraulic motor.
A few times the truck had to be moved or the tipper lifted so that the chips
would start to slide freely onto the screw conveyors.

The last thing to be measured was the noise level of the blower, and it was
measured in each test. According to the average test results, hearing protection is
always required near the blower when the system is running. When the hatch of
the protective box was closed, the noise level at a distance of one meter in the
vertical measurements was 94 - 98 dB. Correspondingly, when the hatch was
open the noise level was as high as 99 - 101 dB. Less than 80 dB was reached af-
ter a distance of ten meters with the closed hatch and after a distance of 15 me-
ters with the open hatch. Correspondingly, noise measurements from the side
reached less than 80 dB after only five meters in both hatch cases.

In the future, research into this new blowing concept will continue with even
more extensive analysis and comparative research with respect to other alterna-
tive fuel use concepts. This gives readers a better understanding of the competi-
tiveness of the blowing concept in the described operating environment. The
aim of the new concept is to replace oil sites for which a conventional wood chip
solution is not suitable and where customers are accustomed to easy use, such as
oil heating. The business concept could be a leasing model in which, for exam-
ple, a mobile heat container is brought to the site for heat supply and taken away
when the need runs out. Usually, though, customers are not ready for an expen-

sive investment when the future is uncertain.

6. Conclusions

Normally, the range of the hydraulic oil pressure is selected when purchasing a
truck according to its intended use. This study was limited to the truck’s hydrau-
lic system, but it showed that the entire blowing system works in practice.
Measured in terms of blowing capacity, performance was not quite optimal for
this particular truck, which had limited oil pressure. This means that if future
studies aim to assess a turbine’s rotation speed of more than 4500 RPM, then the
truck’s hydraulic motor would have to be replaced with a more efficient one and,
at the same time, an oil cooler would need to be added to the truck. With these
changes, a future study would be able to achieve the blowing capacities declared
by the manufacturer.

This new overall solution offers many regional benefits because it can reduce
dependence on imported oil in heating. The heat can be produced from local
biomass, and it is possible to achieve emission benefits with climate-neutral fuel.
In addition, it is possible to improve the business opportunities of the companies
in the region, whereby money from the supply chain remains in the local area
for other uses. Chip heating also aims to save costs during the heating season in

Nordic countries, as chips are normally cheaper than oil.

DOI: 10.4236/jsbs.2020.103007

89 Journal of Sustainable Bioenergy Systems


https://doi.org/10.4236/jsbs.2020.103007

J. Fohr et al.

The new blowing supply chain can reduce the use of fossil fuel at heating
properties because the chain allows for hose transfer. The blowing phase of the
truck load may be slower than the unloading of a normal truck from the rear by
tipping. Nevertheless, this new blowing supply chain aims to tap into a new
heating market in a way not possible before. The supply chain can reach new
potential heating customers and can also respond to the challenge of the new era

after oil heating.
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