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1. General introduction regarding the alternative uses of the F4F product.

Within the framework of the project, and in an effort to establish all possible
utilisation routes for the produced from the FAF process end product, alternative uses
were tested. These uses were mostly related with the energy utilisation of the
produced feed.

In this F4F project deliverable three different uses are presented. In the first and
second one the produced feed was used as biogas production booster in anaerobic
digestion units (used as dried final product in one and as wet food waste in the
second) and in the third one it was used as fuel in incineration and gasification unit
(the final dried product).

Concerning the anaerobic digestion trials, the overall objective of this research was to
check the boosting of biogas production by co-digestion of sewage sludge with wet
and dried food waste in order to produce significant amounts of electricity and heat in
facilities that they manage sewage sludge. Specifically, co-digestion of SS and wet
food waste (FW) and dried FW with other waste in a small ratio of 5-7% (v/v) was
investigated. In case of wet food waste and wastewater it is possible to reduce their
volume and as a result the transportation and storage cost by using a drying process.
Dried FW with other waste addition can improve biogas production by 1.2-2.7 times,
while wet FW addition improve biogas production by 148%, 2.5 times.

So the concept of co-digesting a mixture of wet or dried food waste could be a
promising perspective at wastewater treatment plants, as it increases methane
production significantly such as improvement of the methane yield and the feasibility
of the process due to the seasonal production of this type of waste. Therefore, we
propose to increase biogas production, by adding a concentration of about 5% v/v of
dried FW, in existing digesters at wastewater treatment plants, operating only with
sewage sludge without affecting the operation of existing digesters and without
requiring additional facilities.

As it concerns gasification trials, the main purpose of the gasification tests and
briquetted sample was to determine the optimal values of operating parameters and
gasification conditions in case of the f4f product. Two gasification tests of the
briquettes from sterile food waste and straw carried out. At the same time, both
ensuring the smooth operation of the gasification system through continuous
inspections, and the stable and expected results of the test with beech wood chips,
lead to the conclusion that any system failure is primarily due to partial or even
complete unsuitability of this kind of mixed briquettes for gasification. However, both
trials cannot be considered as successful.

These trials are presented in details, in the following paragraphs of the present report.

LIFE-F4F
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2. Anaerobic digestion in fresh Food Waste

2.1. Abstract

In this report it is presented the experiments carried out for biogas production of a
mixture of fresh food wastes in combination with sewage sludge in anaerobic
digestion units, so as to investigate the alternative use of the produced feed from the
pilot unit of the LIFE-F4F project. In order to investigate the effect of municipal solid
waste composed of food waste in biogas production, anaerobic co-digestions of
sewage sludge with food waste were carried out. Continuous experiments at 35°C
were carried, with only sewage sludge and with a mix of sewage sludge and food
waste. The reactor treating the sewage sludge produced 230+29 ml/lI/d biogas before
the addition of food waste and 572+44 biogas after the addition of food waste (5% v/v
in the feed). These results suggest that methane can be produced very efficiently by
co-digesting sewage sludge and food waste.

Two type of influent feedstock were utilized: 100% sewage sludge (SS) and a 5% of
food waste (FW) and 95% sewage sludge in order to investigate the biogas production
of the food waste — sludge co-digestion. The continuous experiments were carried out
in a 3L digester constructed from stainless steel. The digester was operated at 35°C
with a total feeding volume of 125ml daily and hydraulic retention time of 24 days.
Feedstock was added four times daily (every 6 hours). Biogas was collected by
displacement of water. Initially, the reactor was inoculated with anaerobic sludge
originating from the Municipal Sewage Treatment Plant (MSTP) of the city of
Heraklion. Also sewage sludge (feedstock) was primary sludge from MSTP. Food
waste was obtained from restaurant of Technological Educational Institute of Crete,
Heraklion. The initial feed was sewage sludge and the bioreactor was operated using
this feed for 30 days. Food waste was then added to the feed so that the reactor was
fed continuously with 95% sewage sludge and 5% food waste. The use of FW as co-
substrate in the anaerobic digestion of SS presents a great improvement of the biogas
yield so these organic residues is very promising.

2.2. Introduction

The average amount of municipal solid waste (MSW) generated in Greece is 1.3
kg/person/day with a 50% amount of fermentable organic material such as foodscraps,
so food waste (FW) can be attractive renewable substrates for sustainable methane
production due to wide economic prospects in industries. The performance of an
anaerobic digestion process is much dependent on the type and the composition of the
material to be digested. Co-digestion of food waste with sewage sludge is increasingly
utilized to increase energy production and make anaerobic digestion more affordable.

Co-digestion of organic wastes with municipal wastewater sludge can increase
digester gas production and provide savings in the overall energy costs of plant
operations. Methane recovery also helps to reduce the emission of greenhouse gases
to the atmosphere. In this way, renewable energy production and waste processing are
achieved simultaneously, without requiring additional facilities.

LIFE-F4F
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2.3. Food waste residues and feedstock

Sewage sludge (SS) was primary sludge originating from the Municipal Sewage
Treatment Plant (MSTP) of the city of Heraklion (population 175,000), Crete. The
sludge was stored frozen at -4°C until use. Food waste (FW) used in the present study
was collected from the students’ restaurant at the Technological Educational Institute
of Crete, Heraklion. The FW composition was 50% cooked food (10% meat, 15%
potatoes, 20% rice and 5% other), 20% raw-fresh food (vegetables), 10% fruits, 10%
salads, 8% bread and 2% dessert (on a wet-weight basis). FW was homogenized using
a mechanical mixer, (approximately size 4.0 mm) and diluted with tap water to
approximately 3% TS to reduce viscosity for pumping and stirring in the lab-scale
experimental equipment. All waste was stored at -20 °C during the whole
experimentation period, in order to maintain its physicochemical characteristics. The
mean composition of raw SS and FW is summarized in Table 1. The characteristics of
the feedstock are summarized in Table 2.

2.4. Lab-scale Anaerobic Digester

The continuous experiments were carried out in three 3L and one 1L lab-scale
continuous stirred-tank reactors (CSTR) constructed of stainless steel, with a double
wall. The reactor operated under mesophilic conditions (35 °C) via water bath through
water jackets surrounding the reactors. Agitation was ensured by a motor drive unit
installed on the top of the reactor. The mixed liquid from the reactor was stirred
periodically for 15 min, twice an hour. Biogas was collected by displacement of
water. The schematic diagram of the digester is presented in Fig. 1.
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Figure 1. Biogas lab digester schematic diagram: 1 — influent storage vessel, la — sewage
sludge, 1b — agro-industrial by-products or food waste, 2 — influent pump for reactor, 3 —
biogas reactor, 4 — effluent bottle, 5 — heating, 6 — mixer, 7 — gas sampling, and 8 — gas
collector.
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2.5. Experimental procedure

Two types of influent feedstock were utilized: 100% sewage sludge (SS) and 5% (v/v)
food waste, in order to investigate the biogas production of the food waste - sludge
co-digestion. The feedstock was stored in a tank placed in a refrigerator at a constant
temperature of 4 °C. Feedstock was added four times daily (every 6 hours) with a total
feeding volume of 40 ml and 125 ml daily for a 1 L and 3 L digester respectively and
hydraulic retention time of 24 days. New influent was prepared every week and stored
in 2 L glass vessels, which were stirred for 2 min before feeding.

2.6. Analytical methods

The pH was measured by an electrode (Crison, GLP 21), while total (TS) and volatile
(VS) solids, total and dissolved chemical oxygen demand (TCOD and DCOD), total
nitrogen (TN) and total phosphorus (TP) were determined according to standard
methods (Apha, 1995). Gas samples were collected in gas-tight syringes and
transferred to the gas chromatograph by sealing the needle with a butyl rubber
stopper. Twenty microliters were injected into a gas chromatograph (Agilent 6890N
GC System) for methane and carbon dioxide analyses. A thermal conductivity
detector (TCD) and a capillary column (GS Carbonplot, 30 m x 0.32 mm, 3 Im) were
used. The column was operated isothermally at 80 °C and the detector port was
operated at 150 °C. Helium was used as the carrier gas at a flow rate of 15 ml/min.

2.7. Statistical analysis of the data

The statistical analysis of the data and the results in this study (analysis of average
values, variance and standards deviation) were performed using Origin 9 (OriginLab,
USA). Differences in the biogas production, TCOD and VS removal among results
obtained from the co-digestion of SS and different agro-industrial by-products and
other wastes were evaluated using one-way analysis of variance (ANOVA). Tukey
Analysis was used to identify significant differences (p < 0.05) in the average values
of the variables that were normally distributed.

2.8. Reactor start-up and operation

Experimental period. Two types of influent feedstock were utilized: 100% SS (D1),
5% (v/v) FW and 95% SS (D2). D1 reactor was operated for 120 days. The initial
feed for D2 was sewage sludge and the bioreactor was operated using this feed for 30
days. Food wastes were then added to the feed so that the reactor was fed
continuously with 95% SS and 5% FW and an increase in OLR. The reactors were
operated under these conditions for 90 days.

Table 1. Composition of Sewage Sludge (SS) & Food Waste (FW
Table 1 — Composition of Sewage Sludge (SS) & Food Waste (FW)

Parameters SS FW

pH 7.3+£0.3 42+0.1
TS (g/1 or g/kg) 30.5+2.1 122.6 £4.0
VS (g/l or g/kg) 20.7+ 1.6 107.0 4.7
TCOD (g/l) 442 +13.5 151.3+10.0
N (g/l) 14+0 2.8=+0.5

LIFE-F4F
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Table 2. Characteristics of experimental materials as feedstock
Table 2 — Characteristics of experimental materials as feedstock

Parameters SS (100%) SS (95%) &FW (5%)
pH 6.9+0.4 6.2 +0.30

TS (g/l) 29.4+2.1 30.4+3.3

VS (g/l) 21+1.8 24.1+19
TCOD (g/l) 41.5+10.6 423+74
DCOD (g/l) 0.4+0.2 2.9+0.7

N (g/l) 22402 1.9+0.1

Table 3. Operational parameters
Table 3 — Operational parameters

Experimenta

| Period Digester characteristics Initial period Co-digestion period
Digeste Digester HRT Time Feedstock OLR Daysof Feedstock OLR of
rno  working (days) (days) (kgVs co- feedstock
volume m=3d1) digestion (kgVSm-3d?)
(L)
1 1 3 24 1- SS 0.9+ - = =
120 (100%) 0.1
2 3 24 1-30 SS 0.8+ 31— SS 1.1£0.1
(100%) 0.1 120* (95%) +

FW
(5%)

2.9. Results and Discussion on biogas production

Table 4 shows the results of biogas production and biogas increment in comparison
with 100% SS substrate. Furthermore, the results of the chemical composition of
biogas (CH4) are indicated. The daily biogas observed in different co-substrates is
illustrated in Fig. 2. Fig. 2 presents biogas production (ml/l/d) for mixtures of 5% FW
(D2), compared to biogas production of SS (D1). A mixture of 5% FW increased
biogas production at 148%. This is consistent with the literature data of Cecchi et al.
(1988) and Hamzawi et al. (1998), who found that cumulative biogas production of
mixtures increased with increasing proportions of MSW, although under mesophilic
conditions.

LIFE-F4F 7
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Figure 2. Biogas production during anaerobic digestion of SS and food waste residues. D1:
SS (100%); D2: SS (95%) + FW (5%);

1.9.1. TCOD removal efficiency

TCOD was measured both in feeding substrate and in digestate. COD is a parameter
representing the extent of solubilization. The removal of COD in conjunction with gas
production in the reactor provided evidence of effective microbial activity by
methanogenic bacteria. TCOD concentration in the reactor increased after the addition
of food waste in the feed. The TCOD reduction (%) was calculated as (TCODin -
TCODout / TCODin) x 100, where TCODin, TCODout are the concentrations of
chemical oxygen demand in the feed and digested substrate respectively. Fig. 3 shows
the concentration trend of TCODs in each digester and the reduction through the
corresponding anaerobic processes. The TCODs reduction percentage was between
55% and 51%, confirming the biomass degradation capability at higher loadings.
During the experimentation period of 95% SS & 5% FW the TCOD mean
concentration in the reactor was 26.5 £ 5.4 g/L resulting in 55% TCOD average
removal efficiency respectively.

Comparable compositional analysis has been reported by Chu et al. (2008) and Lee et
al. (2010). During a continuous experiment treating organic fraction of municipal
solid wastes and sewage sludge, 76.5% of the influent TCOD was converted to
methane gas in the mesophilic methane production reactor (Chu et al., 2008).
Throughout higher biogas production was achieved in the reactor after the
supplementation of food wastes in the feed. This effect may be explained by the
additional COD of the wastes added. This is consistent with the literature data of
Cecchi et al. (1988) and Hamzawi et al. (1998), who found that cumulative biogas
production of mixtures increased with increasing proportions of SS, although under
mesoliphilic conditions. The rapid increase in biogas production was supported by a
simultaneous decrease in TCOD (Fig. 3).
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Action B7: Completing, Incorporating and Evaluating the FAF Process as Part of the EU’s
Wastes Strategy and other Union Policies
Deliverable B7.4 Data and complete evaluations regarding alternative uses of the F4F product

100 - . 100

B Tcopin

I 7-coo out

— —removal (35) 1 80
= leo
= 55,1 60 =
e 50 g
(] Q
oy a0 £
- =

20
o4

D155 D2.Fw

Figure 3. TCOD removal and TCOD concentrations in the influent (in) and effluent stage
(out). Error bars indicate standard deviation. D1: SS (100%); D2: SS (95%) + FW (5%)

1.9.2. VS removal efficiency

Another way of assessing the performance of a digester is to examine the efficiency of
the Volatile Solids (VS) reduction. During the digestion process, volatile solids are
degraded to a certain extent and converted into biogas. Volatile solids reduction % =
(VSin-VSout/VVSin) x 100, where VSin, Vsout are the concentrations of volatile solids
in the feed and digested substrate respectively. The VS concentration in the influent
mixture increased when solid wastes were added to sewage sludge, as a result the VS
values registered in the digestate output remained in a range of 12 g/l to 25 g/l during
all the different phases. This underlined the good adaptability of the biomass to treat
more concentrated loads. The removal efficiency in VS concentration for all
examined scenarios ranged between 46% and 53% as shown in Fig. 4.

During the experimentation period of SS & 5%FW, the VS mean concentration in the
reactor was 11.9 + 1.0 g/L, resulting in 53.5% VS average removal efficiency,
respectively. Similar results are reported in literature (Capela et al., 2008; Liu et al.,
2012) showed a VS reduction rate above 60% (from 61.7 to 69.9), using as feed
substrate a mixture composed of 50% food waste, 25% fruit and vegetable waste and
25% waste activated sludge.

LIFE-F4F
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Figure 4. VS removal and VS concentrations in the influent (in) and effluent stage (out).
Error bars indicate standard deviation. D1: SS (100%); D2: SS (95%) + FW (5%)

1.9.3. VFAs

VFAs measurement was chosen to predict process instability (Ahring et al., 1995).
VFA concentrations of acetic, propionic, iso-butyric, butyric, iso-valeric and valeric
acid were measured. In all cases, VFAs in the effluent were negligible. Therefore,
there was no presence of VFAS due to their total conversion to biogas. The absence of
VFAs demonstrates that the methanogenic stage was not disturbed and the formation
of methane from these intermediates was quick.

Table 4. Biogas and Biomethane production, biogas composition, TCOD and VS removal for
different co-digestions
Table 4 — Biogas and Biomethane production, biogas composition, TCOD and VS

removal for different co-digestions

Parameter D1 D2
Biogas production (ml/I/d) 230+29 572+44
Biogas increment (ml/l/d) & (%) - 342 (148%)
Biogas

Comgposition o CHe 66.4+2.1 71.3+4
Biomethane production (ml/I/d) 153 408
TCOD removal (%) 55.1 50.7
VS removal (%) 46.1 535

D= anaerobic digester; D1: SS (100%); D2: SS (95%) + FW (5%)
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3. Anaerobic digestion in dry Food Waste

3.1. Abstract

In this report it is presented the experiments carried out for biogas production of a
thermal dried mixture of food wastes in combination with sewage sludge and other agro-
industrial wastes in anaerobic digestion units, so as to investigate the alternative use of
the produced feed from the pilot unit of the LIFE-F4F project.

For these experiments, it was attempted by co-digesting the biogas production from
sewage sludge (SS) with a dried mixture of food waste, cheese whey and olive mill
wastewater (FCO). A series of laboratory (in TEIC facilities) experiments were
performed in continuously-operating reactors at 37°C, fed with thermal dried mixtures of
FCO at concentrations of 3%, 5% and 7%. The overall process was designed with a
hydraulic retention time (HRT) of 24 days.

It has been occurred that FCO addition on sewage sludge can boost biogas yields if the
mixture exceeds 3% (v/v) concentration in the feed. Any further increase of 5% FCO
causes a small increase in biogas production. The reactor treating the sewage sludge
produced 287 ml CH4/L reactor/d before the addition of FCO and 815 ml CH4/L
reactor/d (5% v/v in the feed). The extra FCO-COD added (7% FCO v/v) to the feed did
not have a negative effect on reactor performance, but seemed to have the same results.
In all cases, the estimated biodegradability of mixtures was over 80%, while the VS
removal was 22% for the maximum biomethane production (5% v/v). Moreover, co-
digestion with FCO improved biogas production by 1.2-2.7 times.

3.2. Introduction

Some studies pointed out that the digestion of food waste (FW) alone may lead to the
accumulation of abundant volatile fatty acids (VFA), especially at high organic loading
rate (OLR), which could inhibit the methanogenesis and even destabilize the anaerobic
process (El-Mashad et al., 2008). These findings led to the investigation of its co-
digestion with sewage sludge (SS) as an alternative. Moreover, co-digestion of SS and
FW could be a strategic and cross-sectorial solution to deliver beneficial synergies for
the water industry and FW management authorities (lacovidou et al., 2012).

The anaerobic co-treatment of organic wastes, known as co-digestion, is not often found
in SS treatment facilities even though is a common practice with agro-industrial wastes
(Long et al., 2012; Mata-Alvarez et al., 2014). The objective of improved gas yield is
based on an improved composition of the influent, since the co-substrates are usually
complementary to the major waste in most cases, or due to an increased organic loading
rate without changing the retention time. It is a well-recorded fact that biogas
productivity in an anaerobic digestion unit is significantly increased when a mixture of
wastes is used, compared to a single source influent (Aichinger et al. 2015, Xie et al.,
2017, Khoufi et al., 2015, Liu et al., 2016). What this means is that, even though the
single feed/substrate might be at its optimum for the whole range of characteristics,
productivity increases when a mixture of substrates is used, and this increase is far
greater than that which the stoichiometric decomposition should deliver (Astals et al.,
2014, Xie et al., 2016). This is due to the co-digestion phenomenon, well recorded in all
biological decomposition process (Fountoulakis et al., 2010, Zheng et al., 2015).
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In many cases, co-digestion projects involve high costs to transport feedstock which
renders logistics optimization crucial for determining project viability (Mayerle, 2016).
For this reason, biomass densification was examined in the past in order to solve the
extra high cost of logistic issues (Wang et al., 2016). In addition, CW and OMW are
produced seasonally, so there is a need for storage facilities during design of the project.
Similar design problems would arise for FW in holiday resorts, where the population
also can increase by an order of magnitude. The drying of these materials would have as
a result a significant reduction of volume of feedstock reducing significantly
transportation and storage cost. However, is still unknown the effect of drying on down-
stream processes, particularly the biogas production from anaerobic digestion.

3.3. Feedstock

Food waste (FW) used in the present study was collected from the pilot unit of the F4F
project, after hand sorting. The FW composition was 80% raw fresh food (vegetables),
10% fruits and 10% salads (on a wet weight basis). FW was homogenized using a
mechanical mixer (approximately 4.0 mm). Sewage sludge (SS) was the primary sludge
originating from the Municipal Sewage Treatment Plant (MSTP) of the city of Heraklion
(population 175,000), Crete. The sludge was stored frozen at 4°C until use. The cheese
whey (CW) was obtained from a local cheese-producing factory located in the same
region, which uses traditional cheese manufacture technologies. Wastes were
characterized and immediately frozen to avoid biological activity. All Feedstock was
stored at -20°C, during the whole experimentation period in order to maintain its
physicochemical characteristics. The mean composition of raw SS, FW, CW and OMW
is summarized in Table 5.

Table 5. Composition of Sewage Sludge (SS), Food Waste (FW), Cheese Whey (CW), Olive
Mill Wastewater (OMW).

Composition of Sewage Sludge (SS), Food Waste (FW), Cheese Whey (CW), Olive Mill
Wastewater (OMW)

Parameters SS FW CW oMW
pH 74+03 42+0.1 39+1.2 5.1+£0.1
TS (g/) 31.6 £ 6.9 122.6 £ 4.0 441+2 62.3+2.3
VS (g/l) 24+£4.1 107.0 £ 4.7 354+1.4 52+1.6
t-COD (g/l) 43.6+£5.8 151.3£10.0 61.8+23 97+72

3.4. Pre-treatment of feedstock

The FW in this study was homogenized using a mechanical mixer, (approximately 4.0
mm). In order to create a 1:1:1 (v/v) mixture of FW, CW and OMW (FCO), 1 L of FW
(2.040 g), 1 L of CW (1.020 g) and 1 L of OMW (1.000 g) were mixed and dried at a
temperature of 105°C to reduce the initial volume of the mixture to 1/3. The 1:1:1 (v/v)
FCO mixture was placed in a beaker in a lab oven. The reduction of volume lasted for
approximately 1 week. After the treatment, the feed was cooled down to room
temperature and three different SS and FCO mixtures were prepared on a volume (v/v)
basis. The characteristics of the mixed substrates were used as feedstock are summarized
in Table 6.

Table 6. Characteristics of experimental materials as feedstock
Characteristics of experimental materials as feedstock
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Parameters SS& 3% FCO SS&5%FCO SS&7% FCO

pH 6.4+0.4 6.3+04 6.0+0.4
TS (g/) 38.2+4.2 42.6+6.0 47+59
VS (g/l) 26.6+34 30.7+4.9 32.7+6.1
t-COD (g/l) 477+9.7 59.6 +13.3 69.5+23.8
d-COD (g/l) 6.0+1.4 92+21 13.9+45

Some photos from this pre-treatment procedure are presenting below.

FWE& CWE OM\{V (FCO) Volume reduction : 1/3
1:1:1 (v/v) Lasted 1 week

Picture 1. Pre-treatment procedure

3.5. Experimental procedure

Laboratory experiments were performed at the Laboratory of Natural Resources
Management & Agricultural Engineering of the School of Agricultural Technology,
Technological Educational Institute of Crete (Fig. 5).

Four types of influent feedstock were utilized, in order to investigate the biogas
production of this mixture in different concentrations and sludge co-digestion:

v' D1: 100% sewage sludge (SS)(v/v)
v" D2: 3% FCO and 97% (SS)
v D3: 5% FCO and 95% (SS)
v D4: 7% FCO and 93% (SS)

The continuous experiments (D1-D4) were carried out in three 4L (3L working volume)
and one 2L (1L working volume) lab-scale continuous stirred-tank reactors (CSTR)
constructed from stainless steel, with a double wall. The reactor operated under
mesophilic conditions (37+2°C) via water bath through water jackets surrounding the
reactors. Agitation was ensured by a motor drive unit installed on the top of the reactor.
The mixed liquid from the reactor was stirred periodically for 15 min, twice an hour.
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Biogas was collected by displacement of water. Specifically, the produced biogas was
collected in special 2-liter bags connected to the effluent bottle (Fig. 1). The biogas
recording takes place daily using the volumetric water displacement method. The
incoming biogas enters through a tube mounted in a conical flask with stopper effect of
the quantity of biogas generated and collected in a special bag, displacing an equal
amount of water. The water displacement takes place in a plastic measuring tube in
order to record the biogas production. In the flask the water was acidified (pH <2) with
sulfuric acid (H2S04), to minimize the dissolution of the produced CH4.

The SS and FCO mixtures were prepared on a volume (v/v) basis. The continuous
experiments of 3% FCO were carried out in a 2 L digester and the experiments on the
other materials were carried out in a 4 L digester. Initially, the reactor was inoculated
with anaerobic sludge originating from MSTP of the city of Heraklion, and contained
19.6 g/L TS, 10.8 g/L VS and 17.5 g/L COD. The feedstock was stored in a tank placed
in a refrigerator to maintain its temperature constant at 4 °C. Feedstock was added four
times daily (every 6 hours) with a total feeding volume of 40 ml and 125 ml daily for a 2
L (1 L working volume) and 4 L (3 L working volume) digester respectively and a
hydraulic retention time of 24 days. New influent was prepared every week and stored in
2 L glass vessels, which were stirred for 2 min before feeding. The digesters were
operated for at least 3 subsequent HRTs under steady state conditions characterized by
stable biogas production and relatively constant pH throughout the run. Influent and
effluent samples were analyzed for TS, VS, pH, TCOD, d-COD and methane content in
biogas. Volumetric biogas production was also measured for all reactors studied. The
digester characteristics and operating parameters are summarized in Table 7.

Table 7. Operational parameters - Digester characteristics.

Operational parameters - Digester characteristics

Digester no Digester HRT Time Feedstock OLR
working (days) (days) (kgvSm-3d?)
volume (L)

1 3 24 1-90 SS (100%) 1£0.2

2 1 24 1-90 3% FCO 1.1+0.1

3 3 24 1-90 5% FCO 1.3+0.2

4 3 24 1-90 7% FCO 1.4+0.3
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c)
Figure 5. (a) Biogas lab digester schematic diagram: 1 — influent pump for reactor, 2 — biogas
reactor, 3 — effluent bottle, 4 — heating, 5 — mixer, 6 — gas sampling, and 7 — gas collecting bag
(b) actual photo (c) the lab-scale digesters at the Technological Educational Institute of Crete.

3.6. Analyses

The influent and effluent were analyzed for pH and total (TS) and volatile (VS) solids
according to APHA (1985) using a pH-meter (Crison, model GLP 21) and appropriate
laboratory ovens. Total and dissolved chemical oxygen demand (T-COD and d-COD
respectively) were determined spectrophotometrically by use of standard test kits (Hach-
Lange). Biogas yield was monitored on a daily basis by the water displacement method
as described elsewhere in the literature. Biogas composition was analyzed using a gas
chromatograph (Agilent 6890N GC System). Gas samples were collected in gas-tight
syringes and transferred to the gas chromatograph by sealing the needle with a butyl
rubber stopper. Twenty microliters were injected into a gas chromatograph for methane
and carbon dioxide analyses. A thermal conductivity detector (TCD) and a capillary
column (GS Carbonplot, 30 m x 0.32 mm, 3 Im) were used. The column was operated
isothermally at 80 °C and the detector port was operated at 150 °C. Helium was used as
the carrier gas at a flow rate of 15 ml/min. Analyses of all individual samples were
carried out in triplicate. VFA concentrations of acetic, propionic, iso-butyric, butyric,
iso-valeric and valeric acid were measured. VFA concentrations were also determined
using the same gas chromatograph equipped with a flame ionization detector (FID). The
column was a capillary (Agilent technologies INC. 30m x 0.53mm). A mixture of
helium and hydrogen was used as the carrier gas. Detector temperature was 225°C. The
temperature of the column was programmed to rise from 105 °C and then gradually
increased, initially at a rate of 15 ° C / min for 3.67 min, and then at a rate of 20 ° C /
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min for 6.75 min. The statistical analysis of the data and the results of this study
(analysis of average values, variance and standards deviation) were performed using
Origin 9 (OriginLab, USA). One-way analysis of variance (ANOVA) was carried out
and Tukey Analysis was used to identify significant differences (p < 0.05) in the average
values of the variables that were normally distributed.

3.7. Results and discussion

Fig. 6a presents biogas production (ml/Lreactor/d) for mixtures of 3%, 5% and 7% FCO,
compared to daily biogas production of SS (0% FCO). The daily biogas production was
found to increase as the FCO concentration increased. Moreover, in all cases the
addition of FCO resulted in higher biogas production. In particular, after 3% addition of
FCO in sludge, daily biogas production increased from 4374132 ml/Lreactor/d to
5334160 ml/Lreactor/d. Moreover, Fig. 2 shows that there is a significant increase in
daily biogas production when 5% and 7% FCO is used as co-substrate in anaerobic
digestion of sludge. In particular, comparing biogas production of SS and the
corresponding production after the addition of 5% and 7% FCO, an increase of nearly
170% was estimated as values of 1172+216 ml/Lreactor/d and 1181+156 ml/Lreactor/d,
respectively. Therefore, the increment of 2% FCO did not significantly increase the
biogas production.

Moreover, Fig. 3 shows the mean biogas production (ml/Lreactor/d) of each substrate.
Different letters indicate significant differences with p<0.05. Digesters D1 and D2,
where 100% SS and 3% FCO is digested, at the 0.05 level, the population means of
biogas production are not significantly different (p=0.07, which is higher than 0.05).
Furthermore, digesters D3 and D4, 5% and 7% FCO, are not significantly different
(p=0.9). As indicated, the best biomethane production (815 ml/Lreactor/d) with 70% of
methane content was achieved at an OLR of 1.3 kgvVSm-3d-1 for the 5% FCO substrate
concentration. For all effluents, the pH remained within an optimal working range (7.4-
8.0), and in all cases, VFAs in the effluent were negligible. Therefore, there was no
presence of VFAs due to their total conversion to biogas. The absence of VFAs
demonstrates that the methanogenic stage was not disturbed and the methane from these
intermediates was quick. The average composition of the biogas produced during the
experiments at different OLRs is shown in Table 8.

Table 8. Biogas and Biomethane production, biogas composition, COD and VS removal for
different co-digestions
Table 8 — Biogas and Biomethane production, biogas composition, COD and VS removal for

different co-digestions

Parameter D1 D2 D3 D4
Ei0yas|piacuction 437+132 5334160 11724216 1181+156
(m |/|—reactor/d)

Biogas increment Q a 0
(ML eactorldl) & (%) 95 (22%) 735 (168%) 744 (170%)
Biogas composition CH

(%) Y 65.6£05 68.9+4.4  69.52.7 SlE L
Biomethane production 2874116 367+98.6  815+175.2 787+84.5
(m I/Lreactor/d)

d-COD removal (%) 52.7 79.6 83.4 83.6
T-COD removal (%) 28.9 42.3 25 33.4
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Table 8 — Biogas and Biomethane production, biogas composition, COD and VS removal for

different co-digestions

VS in (g/l) 24+4.1 27£3.6 33.4£3.9 34.3+4.2
VS out (g/l) 20.1£3.5 17.8+1.7 25.842.7 26.7+2.7
VS removal (%) 16.3 34.2 22.7 22.0

D1: SS (100%); D2: SS (97%) + FCO (3%); D3: SS (95%) + FCO (5%); Dé: SS (93%) + FCO (7%)

Fig. 6b presents biomethane production (ml/Lreactor/d). The composition of the
methane in the biogas fluctuated between 61.2% and 67% for SS with a mean value of
65.6% and biomethane production of between 169 and 418 ml/l/d. The methane
percentage increased with an increase of FCO concentration. The maximum
composition of methane in the biogas was observed after 5% FCO addition in sewage
sludge, with a mean value of 69.5% and a mean biomethane production of 815 ml/l/d
(Table 4). When 7% FCO was added, the methane percentage was 66.6% (mean value),
approximately equal to the SS substrate. In particular, comparing the methane content of
SS and the corresponding content after FCO mixtures, an increment of between 1.5%
and 6% is observed.

In another study (Angelidaki and Ahring, 1997), the authors reported a biogas
production of approximately 1250 mL/L/day in an anaerobic co-digesting process
treating OMW with manure at a ratio of 50:50 under thermophilic conditions with an
organic loading rate of 7.8 g COD/L/day, which corresponds to a methane yield of 160
L CH4/Kg COD. Other researchers (Gelegenis et al., 2007) have shown a biogas
production rate of 210 mL/L/day digested diluted poultry manure and olive mill effluent
at a ratio of 50:50 under mesophilic conditions and a hydraulic retention time of 20 days.
Our case proved to be more efficient than these studies and our methane yield rates were
higher than those reported. In other experiments, the co-digestion of SS with OMW or
CW (at a ratio 95:5 (v/v) at same HRTs have been reported a volumetric biogas
production rates for OMW and CW 0.2 and 0.3 Lbiogas/Lreactor/d, respectively
(Maragkaki et al., 2017b).

In a recent publication, Maragkaki et al. (2017a) have shown a biogas production rate of
572 + 44 ml/l/d (or 408 ml/l/d bio-methane production) by digesting SS and FW at a
ratio of 95:5 under mesophilic conditions and a hydraulic retention time of 24 days.
Therefore, 5% FCO co-digestion proved to be more efficient (1172 = 216 ml/l/d or 815
ml/l/d bio-methane production) than other our studies Maragkaki et al. (2017a) and
Maragkaki et al. (2017b) where information of biogas production form single substrate
was studied.
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Figure 6. Biogas (a) and Biomethane (b) production during anaerobic digestion of SS and FCO
mixtures
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Figure 7. Biogas production (ml/Lreactor/d) for different concentrations of substrates. Different
letters indicate significant differences with p<0.05. Error bars indicate standard deviation of the
biogas production.

As shown in Fig. 8, high dissolved COD removal efficiencies (between 79.6% and
83.6%) were obtained for different FCO concentrations, while the total COD was
removed between 25% and 42.3% (data not shown). The best d-COD removal efficiency
of approximately 84% was achieved for 5% and 7% FCO substrates, while the best T-
COD removal efficiency was 42.3% for 3% FCO substrate. The removal of COD in
conjunction with gas production in the reactor provided evidence of effective microbial
activity from methanogenic bacteria. Comparable compositional analysis has been
reported by Chu et al. (2008) and Lee et al. (2010).

Throughout the whole of the experimental periods, higher biogas production was
achieved in the reactor after the supplementation of food wastes in the feed. This effect
may be explained by the additional COD of the wastes added. This is consistent with the
literature data of Cecchi et al. (1988) and Hamzawi et al. (1998), who found that
cumulative biogas production of mixtures increased with increasing proportions of SS,
although this was under mesophilic conditions. In another study (Martinez-Garcia et al.,
2007), the researchers used olive mill wastewater with whey as co-substrate in a
mesophilic anaerobic digestion process, in which the maximum OLR was 3.0 g
COD/L/d, achieving an average COD removal of 83%, similar to our results.

Fig. 9 illustrates the monitoring profiles of pH, for mixtures of 0% (100% SS), 3%, 5%
and 7% FCO. During the 100% SS experimentation period, the pH in the reactor was
approximately stable between 7.4 and 8.2 (7.7+0.1 mean value), while the influent value
was between 6.8 and 7.8. During the 3% FCO addition, the pH in the reactor was
approximately stable between 7.7 and 8.2 (7.9+0.1 mean value), while the influent value
was about 5.7 and 7.3. The influent pH decreased from 7.4 to 6.4 due to 3% FCO
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addition. Finally, during the 3 % and 5% FCO addition, the pH in the reactor was
approximately stable between 7.2 and 7.9 (7.6+0.2 mean value), while the influent value
was 6.3£0.4 (5% FCO) and 6.0+£0.4 (7% FCO) mean value (Fig. 5). However, the
influent pH had a maximum decrement from 7.4 to 6.0 due to 7% FCO addition, without
affecting the effluent pH.

Another way of assessing the performance of a digester is to examine the efficiency of
the Volatile Solids (VS) reduction. During the digestion process, volatile solids are
degraded to a certain extent and converted into biogas. Volatile solids reduction % =
(VSin-VSout/VSin) x 100, where VSin, VSout are the concentrations of volatile solids in the
feed and the digested substrate respectively. In the feeding mixture, VS concentration
ranged from 24 g/l (with a OLR 1.0 kgVSm=d™) to 34 g/l (OLR 1.4 kgvVSm=3d1) for D1
to D4. The digestate concentrations were measured in a range between 18 g/l to 27 g/I,
as shown in Fig. 6. The VS concentration in the influent mixture was increased when the
mixture of FCO was added to sewage sludge. The removal efficiency in VS
concentration for all scenarios examined ranged between 16% and 34% as shown in Fig.
11. Among the different concentration of FCO, the 3% FCO mixture showed the highest
VS reduction 34% at an OLR 1.1 kgVSm3d1, which agrees with the highest T-COD
removal. The mixtures of 5% and 7% FCO showed almost the same VS reduction of
22%. These results show that as the concentration increased, it presented the lowest
degradation capability.

Moreover, Fig. 10 shows that VS destruction of 5% and 7% was lower than that for 3%.
This may be attributed to the fact that, as Ma et al. (2008) observed, the extra organic
carbon source, i.e. the FCO mixture, enhanced the growth of active biomass, which
increased the total amount of volatile solids. VS reduction is slightly higher for the 5%
and 7% FCO mixture compared with the corresponding SS values, due to the difficult-
to-biodegrade compounds. The optimum V'S reduction should be about 30% after sludge
digestion according to Metcalf and Eddy (Metcalf and Eddy et al., 2003).
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Figure 8. D-COD removal and d-COD concentrations in the influent (in) and effluent stage
(out). Error bars indicate standard deviation.
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Figure 9. Profile of pH during anaerobic digestion process of SS & FCO mixtures.
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Figure 10. Profile of VS during anaerobic digestion process of SS & FCO mixtures.
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Figure 11. VS removal and VS concentrations in the influent (in) and effluent stage (out).
Different letters indicate significant differences with p<0.05. Error bars indicate standard
deviation.

Solar drying processes can be a very attractive technology for volume reduction in order
to decrease the high energy consumption of the drying operations (Maragkaki et al,
2016). In the present study, in order to study a commercial process, the mixture must be
condensable (dried), with a low transportation (application) and storage cost. Therefore,
for volume reduction, the solar drying process is the next step suggested. Solar drying is
a far more cost-effective and environmentally friendly process than thermal drying.
Solar drying is the preferred production process. Greek climatic conditions are optimum
for this process.

The sun is the largest available carbon-free energy resource and the world’s most
abundant permanent source of energy, with the potential to meet a significant proportion
of the world’s energy needs. The solar drying system is one of the most attractive and
promising applications of solar energy. Applying free solar energy may well be an
alternative solution for reduction of drying process costs. Consequently, solar drying can
applied as an economical and efficient further—dewatering and drying method for the
FCO mixtures. Using free solar energy for drying mixtures can be beneficial from the
point of view of energy consumption and, consequently, the drying system cost.
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4. Use of dry food waste as fuel in incineration and gasification units

4.1. Abstract

CPERI/CERTH based on the provisions of the Declaration, carried out the complete and
detailed investigation and evaluation of three (3) different product-fuel samples. The
quantity of each sample initially delivered to CPERI/CERTH was two kilograms of each
sample, for three samples of sterile materials, in total. For the above samples,
CPERI/CERTH carried out a complete analysis of their physicochemical properties. In
particular, the required analyzes include the elemental analysis, the determination of the
upper and lower calorific value, the determination of the ash content, the measurement
of the volatile components, the determination of the sulfur content, and the measurement
of the chlorine content in the product-fuel samples. The investigation and evaluation of
the three different samples (quantity 2 kg/sample) was carried out in the accredited
Institute for Solid Fuels Technology and Applications (ISFTA) at Ptolemaida, Greece
belonging to the Chemical Processes and Energy Resources Institute (CPERI) of the
National Center for Research and Technology Hellas (CERTH), implements a quality
management system in accordance with the requirements of ELOT EN ISO/IEC 17025:
2005 (Certificate No. ESYD 894-2), to ensure the safe and complete implementation of
the required product-fuel samples analyzes.

All materials had similar ash content values and relatively limited variations in ash
melting temperature. Based on the results of the analyzes of the previous
physicochemical characterization, one (1) sample was selected by CERTH / IDEP for
further processing and study. The material selected for briquetting was the sterile food
residues of 2019, as they had ash percentage and ash melting values closer to the
average of the respective measurements for all analyzes. In the second stage,
CPERI/CERTH received again from the Contracting Authority a quantity of one
hundred kilos from the selected sterile sample. Then, CPERI/CERTH carried out
processing procedures for the briquetting of the selected sample with common biomass
(straw). Briquetting was achieved at a rate of 40% w/w of the selected material (sterile
sample_2019), in the total weight of the briquette.

Concerning the realization of gasification tests of the one (1) selected and briquetted
sample, the possibility of gasification experiments of product produced of the F4F
project in the fixed bed gasifier system of CPERI/CERTH, was investigated. The reactor
selected and owned by CPERI/CERTH is the downdraft fixed bed type. The system is
relatively simple in design and can offer (based on the manufacturer's specifications)
satisfactory performance. Because such material is used for the first time in the gasifier
of CPERI/CERTH, it was therefore necessary in the first stage to carry out gasification
experiments using standard wood-based material with which in the second phase the
examined material was compared. Standard operation and permanent operation of the
gasifier was performed as well as an effort to maintain continuous and uninterrupted
operation of the gasifier. The purpose of the tests was to determine the optimal values of
operating parameters and gasification conditions.

The two gasification tests of the briquettes from sterile food residues_2019 and straw
cannot be considered successful. At the same time, both ensuring the smooth operation
of the gasification system through continuous inspections, and the stable and expected
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results of the test with beech wood chips, lead to the conclusion that any system failure
is primarily due to partial or even complete unsuitability of this kind of mixed briquettes
for gasification.

4.2. Elcaymyn

To EKETA w¢ Owovopkdg @opéag otn Aoknipoén Hiektpovikoh Anpodciov Avoiktoo
Alryoviopob katom Tov opiov pe aptBpd npot. 7454/06.08.20 mov mpoknpvée o E1dikog
Aoyapracudg Kovovriov ‘Epguvag tov EAAnvikov Mecoyelakot TTavemotnpiov péocm
g TAateopuog tov EBvikov Zvotiuatog HAiextpovikov Anpociov Zvupdcemv 610
mloiciov vAomoinong tov épyov pe titho «Food for Feed: An Innovative Process for
Transforming Hotels” Food Wastes into Animal Feed — LIFEI5/ENV/GR/000257» pe
kodwd épyov 80378, avéhaPe v «Ilapoyn vanpeciag yw tn digpedvnon TV
OTOTEAEGUATMOV KOOONG Kol AEPLOTOINGNG TapayOUEVOV TPoidvTOog Tov £pyov F4Fy.

Yvykekppéva to IAETI/EKETA pe Bdon 6ca 0pile 1 Aakfpuén Tpaylatonoince:

(A) Tmv mAnpn kot Aemwtopepn Otepevvnom kot agloddynorn Tpiav (3) SoQopETIK®V
detypdtov mpoidvtov-kavsipwv. H mocomta tov kdbe delypatog mov moapaddonke
apykd amd v Avabétovoa Apyn Mtav oVO KIAG OelylaToc, GE€ GUVOAO TPLOV
detypdrtov arootelpopévov vaukov). Ta ta mapoarndve ostypata, to IAEII/EKETA
TPOYUOTOTOINCE OVOADOT TOV (QUGIKOYNUIKOV 1010THT®V TOVG. XVYKEKPUUEVA, Ol
OTOLTOVEVES AVOADGELS TEPIAOUPAVOLV TN GTOXEWKT OVAALGT), TOV TPOGOIOPIGUO TNG
avOTEPNS Kol TNG KATOTEPNG Ogpproydvou dvvaung, tov mTPocdlopiGHd TOV TOGOGTOV
TEQPAG, TN METPNON TOV TOGOGTOV TOV MINTIKMOV GLGTUTIKMV, TOV TPOGOLOPIGHO
nepleyopevon Belov, kot T HETPNOTN TOV TOCOGTOL TOV YA®PIOL oTO delypoTO TOV
vAKOV/Kovsipmy. H depedhvnon kot a&loddynon v Tpudv SpOPETIKAOV OELYHATOV
(rocotntag 2 kg/delypa) mpayuatomombnke oto dwomiotevuévo Epyootipio tepedv
Kovoipwv oto IIpotumo Epyastmpio [tolepaidng mov aviketl oto Ivatitovto Xnpikodv
Atepyaciov kot Evepyswokav [Mopov (IAEIT) tov EBvikod Kévipov ‘Epevvag ko
Teyvoroyumeg Avantuéng (EKETA) kot 10 omoio epappoler cHotmua dwyeipiong
noottag ovppove pe Tig amortnoelg tov EAOT EN ISO/IEC 17025:2005 (Ap.
[Motomromtikod EEYA 894-2), yuo va €£a0@OAMOTEL 1| AGPOANG Kol OAOKANPOUEVN
VAOTTOINGT TOV ATALTOVUEVAOV OVOADGEDY TOV TPOTOVTOC.

(B) Me Baon 1o amoteAEGUATO TOV AVOIADCEDV TOV TPONYOVUEVOL PLGIKOYTUIKOD
YOPOKTNPIGUOV, &yve emAoyr] amd v Avabétovoca Apyn evog (1) odetypotog yio
nepetaipw eneepyosio kot peAétn. To IAEII/EKETA og 6e0tepo otddio mapdrafe ex
véov oand v Avabétovoca Apyn mocoOTNTO €KOTO KIA®V omd TO EMAEYUEVO
amootelpouévo detypa (100 Kg yia to éva (1) emdeyuévo detypa). Xtn ovvéyela, To
EKETA/IAEII npoéPn oe dwadikacieg emeEepyaciog yioo TNV UTPIKETONTOINGT TOV €VOG
(1) emAeypévov detypatog pe kowvn Propala (dyvpo). H prpiketomoinon emttedybnke oe
10600td 40% W/w tov e&etalopevon LAKOD (OTOCTEP®UEVO SELYIL0) 6TO GUVOLO TOV
Bapovg ¢ pumpikéTag.

270 KOUUATL TOL OPOPE TNV TPAYUATOTOINGN OOKIUW®V agptomoinong tov &evog (1)
EMAEYHEVOD KOl  UTMPIKETOMOMUEVOL OEIYUOTOG €K TOV TPLOV, Olepevvinke 1
SVVATOTNTO TPUYLUTOTOINONG TEPAUATOV OEPLOTOINGNG TUPAYOUEVOL TPOIOVTOG TOV
épyov F4F o10 cvotnpa otabepng krivng tov IAEIVEKETA. O avtidpactipog mov £xet
emieyel ko €xel ommv katoyn tov 10 IAEII/EKETA eivon tomov otabepng wiivng
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kaBoduoh pevpatog. To choTua eivar oxeTikd omAd ot oYediaon TOL Kol UTOpEt va
TpocPépel (PAon TOV TPOJYPUPDOV TOV KATACKEVOOTH) TKOVOTOMTIKEG OMOOOGELS.
Emedn t€totov €id0vg VAIKO ¥pNOIUOTTOLEITOL TPAT POPA GTOV GEPLOTOINTH TTOV £)EL
o115 eykataotaoels Tov 10 IAEII/EKETA, ftav avaykaio Aouwdv 610 Tp®dTO GTAd0 Vol
TpoypaTononBohv TEWPAPATO AEPLOTOINGONG XPNOILOTOIDOVTNS TPOTLTO LAIKO pe Pdon
10 VA0 pE TO omoio oe 0gbTEPN GAomn ovykpidnke 1o efeTaloOpEVO  LAIKO.
[paypoatomombnke mpdtunn Aettovpyio kot €XiTELEN PHOVIUNG KOTAGTAONG AEITOLPYIOG
TOV daepPoTomT KoOMOC kol mpoomdbel dTHPNoNS oLVEYODS Kol OTPOGKOTTNG
Aertovpyiog TOov aEPOTONTH. ZKOTOG T®V OOKIUMOV MTOV O TPOGOIOPICUOS TMOV
BEATIOTOV TILAOV TOV TAPAUETPMOV AEITOLPYING Kol cLVONKAOV aeplomoinong, Le EUeaon
oToV BEATIOTO AOYO aépa kahong Kat ot Beprokpacia.

4.3. IImpng ko Aemtopepnc Otepedivinon kot aloAdynon Tpidv (3) SopopeTikdv
detypdtov Tpoidvtov-Kouoipwy

H mocotnta tov k@b delypatog mov mapadddnke and v Avabétovca Apyrn (HMU)
nrav 2 kg/detypo, 6€ GOVOAO TPLOV SEIYUATOV ATOGTEPMOUEVOV DAIKOV:

» 1 Aciypa - Amootelpopévo Tpo@ikd vroieippoto 2018

» 1 Asiypa - Anootelpopéva tpogikd vroieippota 2019

> 1 Aciypa - Amootelpopévo tpo@ikd vroieippoto 2020

lNo 1o mopoamdve Odeiypata, 1o IAEII/EKETA mpaypoatoroinoe avdAvon tov
(QUOIKOYNUIK®V 1310THTOV TOVS, 1) omoia mopatifeTol OVOALTIKA GTOVE TOPUKATE®
[Tivoxeg A2, A3 ka1 A4. H odepedhvnon kot aflohdynorn tov Tplidv OlPOPETIKAOV
detypdatov mooodtrag 2 kg/deiypo mpayuatomombnke oto dwamotevpévo Epyaocthiplo
Ytepeddv Kavoipwv oto [potvno Epyaotpilo [Trtolepaidag mov avrkel oto Ivetitovto
Xnukdv Aepyaciov kot Evepyelokmv ITopwv (IAEIT) tov EOvikod Kévtpov ‘Epevvag
kot Teyvoroyumg Avéamtuéng (EKETA) kot to omolo epappoler cvomnuo dtoyeiptong
nootTag ovppove pe Tig amortnoelg tov EAOT EN ISO/IEC 17025:2005 (Ap.
[Iiotomromtcod EEXYA 894-2), yuo va e£ac@olotel 1 AGQOANG Kol OAOKANP®UEVN
VAOTTOINGT TOV ATALTOVUEVAOV OVOADGEDY TOL TPOIOVTOG,.

Ytov IMivaka Al mopoatiBevtor ot amoapaitnteg OVOADGES KOl TO. TPOTLTO, Yol TOV
TPOGIOPIGUO TNG TOLOTNTOS TOV CTEPEDMYV PLOKOVGIH®V.

Mivaxag Al. Aropaitnteg avaldoelg Kot TPOTLTO Y10 GTEPEA PLOKOVGULN

Avdivon Mpétvmo

Epyaoctmpioxn ISO 14780 — Solid biofuels — Sample Preparation
TPOKOTEPYAGIO JELYULATOV

PropdaCag

[Ipocdiopiopdg OAKNG ISO 18134-1 — Solid biofuels — Determination of moisture
Yypoaoiog oe delypota content — Oven dry method — Part 1: Total moisture —
Bropalog Reference method

Aueon Avaivon Kavoipov ISO 18134-3 — Solid biofuels — Determination of moisture

Buopalog (Yypaoio — Téppa)  content — Oven dry method — Part 3: Moisture in general
analysis sample & 1SO 18122 — Solid biofuels —
Determination of ash content

[Ipocdiopiopog AvBpaxa, ISO 16948 — Solid biofuels — Determination of total content

Ydpoydvov ko Alwtov og of carbon, hydrogen and nitrogen
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kavoua Blopdlog
[Ipocdiopiopog Xiwmpiov kot
O¢iov o¢ detypato Bropalog

1ISO 16994 — Solid biofuels — Determination of total content
of sulfur and chlorine & ASTM D 516 — Standard Test
Method for Sulfate lon in Water

ISO/DIS 18125 — Solid biofuels — Determination of calorific

[Ipocdiopiopog Katwtépag
kol Avotépoc Ogppoyovov
Avvaunc Kavosipov Bropdlag

value

Mivaxag A2. Agltio avdivong delypotog  ATooTelp@Uéva TPoPIKa voAsippoto 2018

ApOpog IMoetomomTiKov: 4
Huepopnvio Agiypotog 19/02/2021
Huepopnvio Avéaivong 22/02/2021, 23/02/2021, 24/02/2021, 26/02/2021,
01/03/2021, 02/03/2021
Kwdwkdg Agiypotog S20210219
[Teprypagn Astypotog Amoctelpopéva Tpo@ikd vroAeippata 2018 F4F
OMkn Yypasio (ISO 18134-1)
. . . , Algvpopévn
Méye0og Baon Movéoeg Twn ABepmétnra
Ol Yypooia ¢ EYEL % 15,6 0,57
Apeon Avalven (1SO 18134-3, 1SO 18122, 1SO 18123)
. . . . Algvpopévn
Méye0og Baon Movadeg Twn ABsBarémra
Mepwi) Yypooia % 13 0,09
Téppa. eni Enpov % 6,3 0,19
trké eni Enpov % 82,8 0,89
Téoppa, ™G £yel % 53 0,16
mrka ™G £xeL % 69,8 0,89
Yroyyewoki Avaiven (ISO 16948)
. . . . Algvpopévn
Méye0og Baon Movadeg Twn ABsBarémra
AvOpakxag eni Enpov % 52,52
Yopoydévo eni Enpov % 7,18
AloTo enti Enpov % 4,30
Ipocdropropog Ociov (1SO 16994 & ASTM D 516)
. . . , Argopopévn
Méye0og Baon Movéoeg Twn ABepmérnra
Os¢io eni Enpov % 0,29
Iposdropropdg Ximpiov (1SO 16994 & ASTM D 516)
. . . . Algvpopévn
Méye0og Baon Movadeg Twn ABsBarémra
XAiopro enti Enpov % 1,26
Ogppoyovog Avvapun (ISO/DIS 18125)
. . . , Agvpopévn
MéyeOog Béon Movaodeg Twn ABepmérnra
Avotepn Oepu. Advaun eni Enpod cal/gr 5591,9
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Katdtepn Ospp. Avvoun eni Enpod cal/gr 5222,1
Avarrtepn Ogpp. Advaun g §xeL cal/gr 4717,9
Katdtepn Ogpp. Avvoun oc §xel cal/gr 4314,6

Ynueio Evemkrotntoc Téppag (CEN/TS 15370-1)

Méye0og Movéodeg T ﬁ[;:;;g :);_ ‘:Ta
Ozppokpacio Tvppikvoong °C 515
s <
Ozppokpacio Huoparpiov °C >1550
Ogppoxpoocio Porg °C >1550

Mivaxkag A3. Aghtio avaivong delypatog  AmocTEP®UEVO TPOEIKE VTOAEipoTa 2019

ApOpog IoetomomTikov: 4
Huepopnvia Agtypotog 19/02/2021

22/02/2021, 23/02/2021, 24/02/2021, 25/02/2021,
Huepopnvia Avéivong 26/02/2021, 01/03/2021, 02/03/2021
Kmdwog Agtypatog 520210219

[Teprypagn Aetypotog AmocTtelpopéva Tpo@ikd vrodeippata 2019 FAF

OMkn Yypaosio (ISO 18134-1)

MéyeOog Béon Movaoeg Ty AA[;:ES :J:r 81;":](1

Ol Yypaoia g £xeL % 14,0 0,51
Apeon Avaivon (1SO 18134-3, 1SO 18122, 1SO 18123)

Méye0og Béon Movaoeg Ty ﬁﬁ:};g :J:r 81:‘21
Mepwi) Yypooia % 13 0,09
Téoppa, enti Enpov % 7,4 0,22
mrkd eni Enpov % 82,1 0,88
Téppa, ™G £xeL % 6,4 0,19
tTké g £yeL % 70,6 0,87

Yrovyewoki) Avaiven (ISO 16948)

Méye0og Béon Movaodeg Twn ﬁ[::lgg :); 2"21
AvOpakag eni Enpov % 50,15
Ydpoyovo enti Enpov % 6,88
AloTo enti Enpov % 3,93

Iposdropropog Ociov (1SO 16994 & ASTM D 516)
. . . , Argvpopév

Méye0og Baon Movadeg Twn ABSB“; . (,:; 1]11:](1

Ocio eni Enpov % 0,29
Iposdropropog Xhmpiov (1SO 16994 & ASTM D 516)
Méye0og Béon Movaodeg Twyn ﬁ[;:;g :Jol:: 2,11:](1
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| XAdpro | eniénpov | % | 152 |

Ogppoyovog Avvaun (ISO/DIS 18125)
. . . , Argvpopévy
Méye0og Baon Movaodeg Twn ABepmérnra
Avarrtepn Ogpp. Advaun eni Enpov cal/gr 5471,0
Katdtepn Ogpp. Avvoun eni Enpod cal/gr 5116,0
AvoTepn Ogpp. Advaun o¢ §xel cal/gr 4705,6
Katdtepn Ogpp. Avvoun ¢ &yel cal/gr 4318,7
Ynueio Evmkrotnrog Téppag (CEN/TS 15370-1)
. . , Algvpopévn
Méye0og Movaoec Twn ABepmérnra
Ozppokpacio Tvppikvoong °C 526
@sppox,pacm oC >1550
Mapopdpemong
Osgpuokpacio Huoearpiov °C >1550
Ogppoxpoocio Porg °C >1550

Mivoxog A4. Agltio avéivong delypotog_ AmooTtelpmpéva TpoPtkd vroieippota 2020

ApOpog IMoetomomTiKov: 4
Huepopnvio Agiypotog 19/02/2021
22/02/2021, 23/02/2021, 24/02/2021, 25/02/2021,
Huepopnvia Avaivong 26/02/2021, 01/03/2021, 02/03/2021
Kwodwkdc Agtypotog S$20210219
[Teprypapn Agtypotog Amnoocteipopéva tpoeikd vroleippato 2020 _FAF
OMkn Yypaosia (ISO 18134-1)
. . . , Agvpopévy
Méye0og Baon Movéoeg Twn ABeBarémra
Ol Yypaoio ™G £yel % 13,0 0,47
Apeon Avaiven (1SO 18134-3, 1SO 18122, 1SO 18123)
. . . , Argopopévn
Méye0og Béon Movaoec Twn ABepmérnra
Mepwn Yypooia % 19 0,11
Téppa, enti Enpov % 11,5 0,34
Mrwké eni Enpov % 82,3 0,89
Téppa g €xgl % 10,0 0,30
mrka ®¢ £yel % 71,6 0,86
Yroyswokn) Avaivon (ISO 16948)
. . . , Argopopévn
Méye0og Baon Movéoeg Twn ABepmérnra
AvOpaxog eni Enpov % 49,18
Ydpoyovo eni Enpov % 6,55
Afoto enti Enpov % 4,10

IIpocdropropog Ociov (1SO 16994 & ASTM D 516)
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. . . , Argvpopév
Méye0og Baon Movaoeg Twn ABSBE . (:‘lr q'::la
Ocio eni Enpov % 0,27
Iposcdropropog Xhmpiov (1SO 16994 & ASTM D 516)
. . . , Argvpopév
Méye0og Baon Movaoeg Twn ABSB‘[: . 6}:: Tl:f](l
XAmpro enti Enpov % 1,68
BOeppoyoévog Avvaun (ISO/DIS 18125)
. . . , Argvpopév
Méye0og Baon Movéoeg Twn ABSBE . (,:; “‘:_1“
Avartepn Ogpp. Advaun eni Enpod cal/gr 5144,7
Koatdtepn Ogpp. Avvaun eni Enpod cal/gr 4807,0
Avotepn Oepu. Advaun ¢ &yel cal/gr 4475,9
Katdtepn Ospp. Avvoun ¢ &yel cal/gr 4106,2
Ynueio Evmkrotntog Téppag (CEN/TS 15370-1
. . , Argvpopév
Méye0og Movadeg Twn ABSB“: y ()l:r 'q‘:la
Ozpuokpacio Tvppikvaoong °C 586
@sppox,pacw oc 718
MMapopopomong
Ozppokpacio Huoearpiov °C >1550
Ogppokpaoio Porlg °C >1550

Olo o vAKG elyav mapopoles TYWEG TOGOCTOD TEPPOS KOl GYETIKG TEPLOPICUEVECS
dwukvpdvoelg ot Beppokpacic ™MENg TéPpag. Me Pdon To amoteAéGpOTO TOV
AVOADGE®V TOV TPONYOVLEVOD (QUOIKOYNUIKOD YOPUKTINPICUOV, £YIVE EMAOYN OO TO
EKETA/IAEIT gvog (1) detypartog yia mepetaipm enelepyacio kot LEAETT. TO VAKO TOL
EMAEYOMKE Y10 UTPIKETOTOINOT NTAV TO ATOGTEPOUEVA TPOPLKA VITOAgippata Tov 2019
KkaBmg elyov TIHEG TOGOGTOD TEPPAS KOt THENG TEPPAG TEPIGTOTEPO KOVTA GTO HUEGO OPO
TOV VTICTOY(OV LETPHGEDV Y10 TO GOVOAO TOV AVUAVGE®MV.

4.4. Mrpiketonoinon Tpo@ik®v vroiepdtov 2019
To EKETA/IAEII c¢ dgvtepo o1dd10 Tapdiafe ek véov and v Avabétovca Apyn ™
nBeica mocOHTNTA TOV EKATO KIADV OO TO EMAEYUEVO OTOGTEPMUEVO OELYLLOL.

Mivaxag B1. [Tapaiafn 100 kg amootelpopévov Tpoeikdv vToAEIdTOV Tov 2019.

Kmowkég Asiypatog Heprypagn Hpegpounvia IMocétnTO
UTOGTOM|G
F4F_FW_2019_FINAL Telo mapoydpevo mpoiov 05/04/2021 | 6 xovteg cHvoro

povadag 2019
(Tpo@ikd voAsippota 1e KpEag)

100 Kg.
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>m ovvéyew, to IAEII/EKETA mpoéfn o€ Owdwkaocieg emelepyaciog ywoo tnv
umpiketonoinon tov evog (1) emdeypévov oetypatog pe ko Propdla (dyvpo). H
umpiketonoinomn enttedydnke o€ 10600td 40% W/W TOL LAIKOD 6T0 GHVOLO TOV Bépovg
g urpkétag. o ) ddikacio g umpiketonoinong ypnoyoromdnke n eucovilopevn
YEPLOVIKNG TPOEAEVOTG U0V LE TO 0KOAOVOO TEXVIKA YOPOKTPLOTIKA

Mivaxag B2. Teyvikd yopokInpIoTIKA UTPIKETOUNYOVIG

Teyvikd yopaKTNPIoTIKE UITPUKETOUNYOVIG:

Yépaviiko cvomuo (3 KW)vyning micong upe
nigon Aettovpyiog (150-200 bar)

nmapaynyn: (30 - 40) kg/h (avéioya pe to vAKO)
Avdpetpog purpikétag: @60 mm

Mnkog prpucétag: L = 10mm - 60mm, oAld
emBounto 50 mm

H prpicetopnyovn €xet OAeg T1g amapoitnTteg
motomomoelg (CE-Certifications)
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Ewova Bl. Awdikacio papiketomoinong e oKomo TNV Topoy®yn URpkétag and ayvpo (60%)
KO ATOGTEP®UEVA TPOPIKA vIToAAeipata 2019 (40%)

4.5. Tlepopatikn dadikocio

270 KOUUATL TOV apOpd TNV TPAYUOTOTOINOoT TOV dOKIUOV agplomoinomng tov evog (1)
UTPIKETOMOMUEVOD  OElYHOTOG €K T®V TPV, olgpevvinke mn  dvvatotnta
TPAYUATOTOINONG TEPAUATOV OEPLOTOINONG TOPAYOUEVOL TTPOTOVTOS Tov £pyov FAF
oto cvotnua otabepng kiivng tov IAEII/EKETA. O avtidpactipog mov €xel emheyel
katl &xel otnv Katoyr tov to IAEII/EKETA egivar tomov otabepng kiivng kabodikon
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pevpatog. To chomuo eivol oXETIKA AmAO GTN GYESIOOT] TOV KOl UTOPEL VAL TPOGPEPEL
(Baon TV TPOOIYPUPOV TOV KOTOOGKELOOTH) IKOVOTOMTIKEG amoddoels. Emedn
TETOOL €100VC VAIKO YPNOUYOTOIEITOL TPATN POPA GTOV OEPLOTOINTH OV EXEL OTIG
eykataotaoelg tov 10 IAEII/EKETA, o©t10 7@pdto otddo Mtav avaykoio vo
TPAYUOTOTON 00UV TEPAUATA YPTCILOTOUDVTOG TPOTVTO VAIKO pe Baon To EOA0 pe 1o
omoio o€ OevTepn (@dom ocvykpidnke to eetaldpevo VAKO (ATOGTEP®UEVA TPOPIKAL
vroleippoto tov 2019).

YUYKEKPUEVA, TO CUOTNUO TOV 0EPLOTOMNTH oTafepng KAIvg kaBodtkng pong mov
owbétel to IAETI/EKETA @aivetar otnv eikdéva B2.

Ewova B2. To chomua asplonoinc.mg tov IAEIT/EKETA.

2mv Ewova B2 mapovcidletor o okopipnue Kot (o TPOYHOTIK) (GOTOYPOGio TOV
aepromomtn otabepng kKAivng kabodikng pong, mov tpogodoteiton pe EuAmON Propala
(wood-chips), péyiomg yopntwomrag 12 Kkg/h, kot o omoiog Ppioketor oTIG
eykataotacelg tov IAEII/EKETA. Onwg pmopovue vo mapatnprioovpe, 1 Popdalao
Tpo@odoteital pEcm Tov Bardpov tpopodoaiag (12) kat amodnkevetan ot xodvn (1). H
otévoon Ponbd otnv mopaywyn &vog KoBapod Kol KOANG TOOTNTOG TOPOYOUEVOL
agpiov ovvOeong (syngas). Mo eleyyOuevn mOGOTNTO OEPO.  EIGEPYETOL OTOV
OEPLOTOMTI HEG® TOV OKPOPLGI®V, Yoo LEPIKT KavoT. O avTdpacTipog CLYKPATEL TO
TPOTOVTO TNG HEPIKNG KGNS Y10 OVAY®YT), EVOD EMITPEMEL EMIONG TN OLOLPLYT TNS TEPPOS
070 KOVTi GLAAOYNG TEPPAS (2) néom gvog didtpnTov eOALoL. To aépio diépyetal amd To
dvo TuMqpe Tov dtdtpnTov EUAAOL TOL avTwpactipa. To mapayduevo aéplo cvuvleong
oTOV agplomomT) odnyeitor dradoykd péom pog aviiiag Venturi (3), evog mabntikoo
eiktpov (6), kot evog @idtpov aceareiog (7) kot T€A0g KataAyel ot EAOYO TIAOTO
(gas flare)(8) omov ko kaiyetor. To vepd aviieitor péow evog KAEIGTOD KOKAOL yio Vol
TPOPOOOTNGEL TOV AOPOITNTO aépa Yo TNV agplonoinon ¢ Propalas. H phOon g
TOOTNTOG TNG OVTMOG EMTPENEL TOV EAEYYO TNG TOPOYNS TOVL OEPE GTOV CLEPLOTOUNTY,
KaOADG KOl TNG GTOWEOUETPIKNG avaroyiag agplonoinong. EmumAiéov, ypnotpomolovvral
avoAVTEG aepimv yia ) u€Tpnomn ¢ cVGTACNG TOV TAPUYOUEVOL aEPiov chvOeoNg WG
npog v meptektikdtra oe Hz, CO, CO2, CH4 ko O2. Téhog, epapudletor to tar
protocol yio ™ ©LAAOY Kot TNV OVAADOY TOV TOPUYOUEV®V TICOMV, EVE TO
napoyopevo e£avOpaKkmpa CLAAEYETAL, KOTA TO TEWPAATO AEPLOTOINONG, OO TOV KATW®
OaAapo Tov aviwpaotpa. Avtdg 0 agplomon g otabepng kKAivng kol kaBodikng pong,
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umopet va Aettovpyet cuvexmg (o€ Nut-Propnyavikny KAMUoKe) Yo Topay®yn NAEKTPIKNAG
oyvog 10 kWel.

[Ipwv amd v Evapén kabe melpdpatog yivetatl 1 opbn d1ac@aiion 6Tl O TOL CTUAVTIKA
TUUOTO TNG EYKOTACTAONG AElTOLpyovv Ywpig mpoPinua. H mapoyn tov aépa
kaBopiletoar amd ™ YpNon Topapod vepold (3) oty €000 TOL AVTIOPACTHPO
eComhopévo pe edkd cwAnva (4) kot doxeio ovAloyng tov vepov (5). Xe Kkabe
TEPIMTOON TPV Ao TO TEPOAPO YIVETOL EAEYYOC TOV AVTALDV TOL GUGTHATOS TOL VEPOD

(3-5).

Ev ovveyeio mpaypotonoteiton 1 yopmon tov avidpactpa (1) pe fropdlo. Akolovdel
TPOCEKTIKY £pEvVA Yo TVYOV onueia dwappodv aepiov. Ta akpoEvoL TOV 0EPO OEV
&yovv duvatdTTa PLOUIOTG TNG TAPOYNS TOV AEPA. AVTO TPUYUOTOTOIEITOL LLE TN EOIKN
pOBION TG TPOGPOPNTIKNG WKOVOTNTOS TOV TGlPopov vepoL (3). Avtiy puBuileton
KatdAnAa @ote m p€rpnon dagopds wieong upeta&h tov avidpactipa (VYOG
TPOPOOOGING aEPa) Kol TPV TO TolPapt va Ppioketor ota embountd opo. H pérpnon
aVTH YIVETOL HE HOVOUETPOV TOUTOL GTHANG VEPOD OVAPEGH GTO dVO ovTd onueio. H
dwdkacio Evavuong Tov avTPAGTPU TPOYUATOTOMNONKE He TN XPNOT PAOYIGTPOV
npomaviov, (ewdva B3) .

Ewcova B3. H ypion @AOY1I0TpOV TPOTAVIOL.

Metd v €vovom Tov 0 aepPloTomTY), UTOpEl va TPocdmoel vynAng Bepuukng atiog
aépto to TpdTe. 20 Min. To aépto KaiyeTol cLUVEXMS G& E101KO GVGTNIO PAOYOC TIAOTOV
(8). To detypo tov agpiov mepvael Tpdta amd To. cvoThuata kadapiopov (6 kot 7), yo
Vo KoTaANEEL TEMKE GTOVG OVOAVTEG Yo TNV HETPNONG TG TotdTNTAS Tov. Kab’ dAn
duapkeln Aertovpyiag ¢ aeplomoinong Asttovpyet €101kd tomoHeTnuévoc dovnTNg oTo
KEALQPOG (YOhvn) TOL OVTIOPUCTAPE KOl TEPLOTPOPIKO GUGTNUO OTOUAKPVVONG TNG
téppag mobuéva. H yodvn mpénel va givon mwavta yepiopévn pe Propdla oto 80% tov
aVTIOPAGTHPA.

Me 1 Ponfela NAEKTPOVIKOV HOVOUETPOV EYIVE 1| GUCTNUOTIKY TOPAKOAOVONGT Kot
KOTOYpapn NG TTOONG TEGNG TOVL OEPLOTOUTH, TOL AKPOPLGIOL Kol TOV PIATP®V.
Tavtdypova, Tpaypoatonoteiton Kot 1 HETpnon ¢ Beprokpaciog Tov avTdpacTHPO e
™ ypnon Beppoctoyeiowv tomov K oe cuvdvaoud pe évav katoypo@éo ded0UEVOV
Oepurokpaociog.

Koaf’ 6An ™ ddpketo tov mepdpatog or mepopatiotés tov IAEII/EKETA gpévticav
va €ovv OAa Ta PETPOL TPOCHOTIKYG ac@areiog (Yavtia, yvoMd, €01k povyiouo,
TAmoHTold POpMYOVIKOD TOTOV KOl TO OMUOVTIKOTEPO OPNTO EEOMAMGUO aviyvevong
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dwppodv povo&ewdiov tov dvBpaxa (Ewkéva B4) dote va amogevybel atvynuo oe
TEPIMTMOOT OTOLONTOTE JLALPPONC.

Ewova B4. ®opntog aviyvevtc CO — amapaitmto eEaptnua KGOe TeEpapatio
4.5.1. IIpadn VAN Propdlog Yo To TEPALOTU AEPLOTOINONG

Q¢ mpmdTN VAN Yo T0 TpdTLTO TElpANO agplomoinong emAExOnKe to €160¢ TG o&Ldg,
KOOADS TO LAMKO 00TO €XEL LIKPN TEPLEKTIKOTNTO GE TEPPA, Eval WOVIKO VAIKO Yo TV

LETOTPOTN TOV 6€ GLYKEKPIUEVO péyebog (wood chipg) kot givan evkoAa va Ppebei oe
LEYAAEC TOGOTNTES OVOLYKOIES Y10L TO TEIPOLLOL.

‘4
wwwn 13

Sy

Ewova B5. Biopala o&iac og popen Wood chips

IMivaxag B3. Agktio avdlvong deiypatoc Wood chips o&idg
Meprypagn Asiypotog Wood chips o&uag

OMkn Yypasio (ISO 18134-1)

. . . , Argvpopévny
Méye0og Baon Movadeg Twn ABepméra
Ol Yypaoio ®G £yel % 10,2 0,11

Apgon Avalven (1SO 18134-3, 1ISO 18122, ISO 18123)
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. . . , Argvpopévy
Méye0og Baon Movaoeg Twn ABeBméra
Megpwkn Yypaoia % 3,3 0,06
Téppa, enti Enpov % 0,7 0,03
mrika eni Enpov % 81,2 0,46
Téppa, ®¢ £yel % 0,6 0,03
mrika ®¢ &xel % 72,9 0,42
Yroryerwokny Avaivon (ISO 16948)
. . . , Argvpopévy
Méye0og Baon Movaodeg Twn ABepménra
AvOpakxog eni Enpov % 52,20
Yopoyovo enti Enpov % 7,35
Almto eni Enpov % 0,26
Iposdropropog Ociov (1SO 16994 & ASTM D 516)
. . . , Awgopopévny
Méye0og Baon Movadeg Twn ABepméra
Oszio eni Enpov % <0,03
Ipocdropropog Ximpiov (1SO 16994 & ASTM D 516)
. . . . Awgopopévny
Méye0og Béon Movaoec Twn ABemérnra
XAdpro enti Enpov % 0,01
Ogppoyévog Avvaun (ISO/DIS 18125)
. . . , Awgopopévny
Méye0og Baon Movéoeg Twn ABepménra
Avotepn Ogpu. Advaun eni Enpod cal/gr 4929,9
Katdtepn Oepp. Avvoun eni Enpod cal/gr 4549,8
Avartepn Ogpp. Advapn ©g £yeL cal/gr 4426,1
Koatdtepn Ogpp. Avvaun ©g £xeL cal/gr 4025,2
Ynueio Evemkrotytog Téppag (CEN/TS 15370-1)
. . . Algvpopévn
Méye0og Movadeg Twn ABeBmémra
Ozppokpacio Tvppikvoong °C 745
Ozppokpacio Mapapdpeneng °C 1266
Ozppokpacio Huoearpiov °C 1413
Ogppoxpoocio Porg °C 1433

H avéroyn pérpnon mpaypatomodnke Kot 6to mopayopevo delypo mov Bo amoteréost

) Bropdlo Tov TEWPALOTOS BEPLOTOINGNG.

Mivaxag B4. Agktio avaivong delypotoc Mmpikéta amd dyvpo (60%) kal omocTEpOUEVO
Tpo@ud vroAreipata 2019 (40%)

Meprypaen Agiypatog

Mrpwéta amd ayvpo (60%) ko awosTEpOpRiva

TPOPIKG vroAidreiporo,_ 2019 (40%)

OMkn Yypasio (ISO 18134-1)
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. . . , Agvpopévy
Méye0og Baon Movaéoeg Twn ABeparémnra
Ol Yypaoio g £Yel % 19,52 0,41
Apeon Avalven (1SO 18134-3, 1ISO 18122, 1SO 18123
. . . , Algvpopévn
Méye0og Baon Movaéoeg Twn ABsBarénra
Mepui] Yypooia % 3,04 0,17
Téppa, eni Enpov % 7,34 0,23
mrika eni Enpov % 78,02 0,6
Téppa oG €xel % 5,92 0,18
Irkd ¢ £yel % 62,92 0,58
Xroyyswakn) Avaivon (ISO 16948)
. . . , Algvpopévn
Méye0og Baon Movéoeg Twn ABepmérnra
AvOpaxog eni Enpov % 46,41
Yopoyovo eni Enpov % 6,73
AloTo ent Enpov % 1,83
Ipocdropropog Ociov (1SO 16994 & ASTM D 516)
. . . , Argopopévn
Méye0og Baon Movéoeg Twn ABeBarémra
O¢io eni Enpov % 0,15
Ipoooropropdc Ximpiov (1SO 16994 & ASTM D 516
. . . , Algvpopévny
Méye0og Baon Movéoeg Twn ABepmérnra
XAdpro eni Enpov % 0,8
Ogppoyovog Avvapun (ISO/DIS 18125)
. . . , Argopopévn
Méye0og Baon Movéoseg Twn ABepmérnra
Avarrtepn Ogpp. Advaun enti Enpov cal/gr 47239
Katdtepn Ogpp. Avvoun enti Enpov cal/gr 4375,5
Avartepn Ogpp. Advaun g £yel cal/gr 3830,3
Kototepn Ogpp. Avvaun g £yel cal/gr 3435,8
YInueio Evemkrotytoc Téppag (CEN/TS 15370-1)
. . . Algvpopévn
Méye0og Movaoeg Twn ABepménra
Ozppokpacio Tvppikvoong °C 671
Osgppoxpasio Mopopdpowong °C 1355
Ozppokpacio Huoearpiov °C 1371
Ozppokpacio Pong °C 1389

4.5.2. Métpnon tov mopayoLeEVoL agpiov
To delypa aegpiov yoyeton kKo kabapiletor Tpv amd v aviAvon Tov 6€ £vo GUGTNHA
dwyeipong tov agpiov, kartackevng M&C (swdéva B6). 'Evog avigvevtng aepiov
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nolManmlodv cvototikdv (Sick Maihak 710) ypnowonoteitar yioo v avaivorn Ttov
agpiov mpoidvtoc (ewova B7). To povo&eidio tov dvBpoka (CO), 1o pebavio (CHa)
Kot To S10&gidio tov avBpaxa (CO2) petpodvtan ypnoiponoldvag eacpatookomnia IR,
oe KMpokeg 0-25% viv, 0-15% v/iv kor 0-25% v/v avtictoryo. H pétpnon tov
vopoyovov (Hz) meprhapfavel Evav aviyveut| Beppukng aymydmrog He €vo €DPOg
ano 0-15% v/v. H extignon tov o&vydvov (O2) yivetar amd €va mopapoyvnTiko
asOnmpa pe éva gupog amd 0-25% v/v. Ot Topamdve HETPNOELS KATAYPAPOVIOL GE
H/Y. ZvvoMkd 10 S1dypopplo. pong TV OVOALTIKOV OpYAvVOV QOIVETOL GTNV EIKOVA
B8.

Ewova B7. O avolvtig agpiov moALaTAGY

ovotatikdv g etapeiog Sick Maihak 710

n—;’ l % I 2 1. AvtAia
poidv aéplo
and tov . ,
agpromou ; 6 5 __E 2. Zvotnpa cupnukvwong M & C
Sootmpa e B 3. Mapoxdopetpo palag
< :&2‘23 ‘ 4 4. Napoxopetpo péac Multor 710
']J*’ I |_‘d LE aVIXVEUTEG™
b - g LA 5.C0,6.C0, 7. CHy

8. Mapoapayvntkog avixveutng 02

Ewova B8. Zuvolikd didrypoppo pong cuotnpa LETpnong aepiov

4.6. A&loAdynon TEPOUATOV

4.6.1. Aepyascio g 0eplomoinomg Kot TEWPAUATIKA OMOTEAEGLOTOL

H ovvolkn depyacio g aepromoinong umopel vo dwouympiotel oto akdiovba
oTadw/{dVEG, TOL OTOl0 TPAYLLOTOTOLOVVTOL SLAOOYIKAL: TO TPMOTO GTASI0 £ival 1 GUECT|
Enpovon ¢ mpdTS VANG, M omoio Aaupdver yopo o Oeppokpacio émg 280 °C,
axolovBovpevo amd v TupdALGT, N omoia Tpaypatonoleital 6E 0pog Beprokpaciog
280 — 500 °C ko katd tnv omoia Aappdaverl yopo 1 Oeppikn amokodounon g Propdlog
mpog mTkd, 7iooa kot eEavOpdkopo. Ot {dveg ovtég peTpovvTOl Kol
OLYKEKPILEVOTOLOVVTOL [E TN PonBeta TG pétpnong g Oepprokpaciog.

OewpNTIKG, KATO TNV avTiOpaomn NG 0ePLOToinong &vog vopoyovavlpako 1 €vog
delypatog Propdlag pe yevikevpévo ymuikd tomo CHxOyN,Sw, ta tumkd mibové
npoiovta eivan CO, COz, H20, Hz, Nz, CHs4, pali pe dvlpoka vrd popon
eEavOpavOpaxmpatog N mocov. Tlpw v évapén kdbe mepdpatog aepromoinons, M
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ovotaon TG Propdlog avalvetar pe Aertopépeto. EmmAéov, petpeiton kot  mocdtnta
tov dvOpoka oto eEavOpakopa, Cs. IMapdAinia, avoldetor TANPOS 1 TOLOTNTO KOl
TEPLEKTIKOTNTA TOV 0EPIOV GTO TPOTOV.

[Ipwv 11 doKEG aePlOTOINONG TOV UTPIKETOMOMUEVAOV OEIYUATOV OTOCTEPOUEVOV
TPOPIKOV LIOAEUPATOV (08 umpikéteg mov mepiEyovy 60% dayvpo), Tpoypatonoleital
neipapLo aeplomoinong evog mpdtumov idovg Propdalac, cvuykekpyéva wood chips o&idg.
2KOmOG QTN NG EMTALOV SOKIUNG €IvOL 1) GTAVTIOPOMTOINGCT TOV CEPIOTOUTI] KOl O
EAEYYXOC TNG OUOANG AELTOVPYIOG TOV, GULUTEPIAAUPAVOVTOC Kot OOl TO UETPNTIKA
opyoava. To ovykekpiuévo €idog Propdlog Bewpeitar mg mpdTLIN TPAOTN VAN Yoo TV
0EPLOTTOINON KOl GLYKEKPLUEVO GTNV TOPOVCO, LOVASQ £XEL SOKILOOTEL 6TO TOPEABOV o€
TOAOTAEG TEPMTMGELS e 6Tafepd Kot emovornyio anotedéopata. Kot og avtiv v
nepimTOON, M AETOLPYI TOL OAVTIOPUCTNPO OEPLOTOINCNG TPOYUATOTOMONKE e
emtoyio, yopic mpoPAnuata. Metd 1tn ypovikn mepiodo exkkivnong, To cHOTNUA
oLVEKAVE Gg pior poviun Kotaotaon Kot dtutnpnonke exel v ypovikd didotnua 10
opav (cvuneptrappdvovtog kot v Evapén tov avtidpactnpa). Aev kpivetal GKOTLO
VO TOPOLGLOCTOVV  OVOAVLTIKG To. oamoteléopato (oG OVVOKEG UETAPOAEC TV
napoyOpevev aepiov), OAAG TPOTHATol vo KoTaypagel m odotaon Tev ogpiov
TPOIOVIOV Katd T UoOVIUN kotdotacn. 1o Xyfuo Bl pmopetl vo govel evoeiktikd n
o00TOCN TOV AEPLOV TPOIOVIWV 0td TV agplomoinon twv wood chips o&idg, pe pvOuo
Katavoloong g Propdlag 12 kg/hr. Onwg eivor avapevopevo, mn  peyaAdtepn
TEPLEKTIKOTNTO, TOL agPiov pevpoTog mpoioviov avtictoryei oe CO (18,1%) ka1 CO:
(15%). H avoroyia tov mapayopevov Hz (5,4%) ko tov CH4 (2,6%) Ntav onpoavtikd
pkpotepn, oAAG ot TéS eivan acntéc oto piypo mpoidvtwv. Avrtibeta, ailel va
onpelwfel mmg Kab’ GAn TNV EKTEAECT] TOL GLYKEKPIUEVOL TEPANOTOS, | GVGTOCT TOV
petpovpevovr Oz Mrav pndevikn. AmO To TOPOTAVEO TPOKVMTEL TMG TO TEIPOULO
aepromoinong g mpotunng Propdlog Mrav emTvyNUEVO, HE TANPWOS EAEYYOUEVES
GLVONKEG KO OVOLLEVOLLEVOL OMOTEAEGLOTAL.

2T OLVEXEWD, TPOYUOTOTOOVVTOL OV0 OlPOPETIKEG OOKIUEG OEPLOTOINOTG TMOV
UTPIKETOV OV TPONABaV omd TO EMAEYUEVO OMOCTEIPOUEVO OTOPANTA TPOPIKDV
vroiepdtov (katd 40%) ko dyvpo (katd 60%). H pebodoroyio, or cuvOnkes kot
YEVIKOTEPO OAOL TO. PILOTO KOTE TNV TEPAUATIKY] O1d1KaGia eivol TouTOoUA HE oVTA
7oV akolovdnOnkav oty mepintwon g npdTvng Propdlag amd wood chips o&idg. H
300 dOKIUES TpaypaToTomOnKay e dtapopd piog nuépag.
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# CH4 H2 CO2 cO

Yyqpe Bl. X0ctaon aepiov cuoToTik@V ToL Topayoevov aepiov pe Katavaimon 12 kg/hr.

Y10 Zynua B2 umopet vo @avel m dvvapukn HETOPOAN TG GVOTOONG TOV OEPLOV
TpoidvVTOV, KaBOAN ™ ddpketa TG aeplomoinong (mepimov 400 min), ywo ™ Aokyn 1.
Metd v évapén tov cLoTAOTOG Katl TV TTapodo mepimov 40 min, givar eovepd OtL
eKKIVElL M ovtidpoon oeplomoinong. Xto ddypappa, stvor emiong @avepd mog dev
EMTUYYAVETAL LOVIUT KOTAGTOON G KAVEVO ¥POVIKO GMUELD TNG avTidpaoNC.
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Zynqua B2. Avvopuxn uetofoln e oOOTOGNS TV 0EPLOV TPOIOVIWY OEPLOTOINGHS TV
UTPIKETOTOMUEVOV  OTOCTELPWUEVDV ATOPANTOV Tpo@ix@y vroleyuatwyv (40%) kai ayvpov

(60%), ue pvlud xazavalwone 12 kg/hr — Adoxyus 1.

[Tep1o60TEPO EVOEIKTIKO YEYOVOG Y100 TN U1 OUOAN AgrTovpYio TOL agplomomTn €ival 1
ovveYNg OLEOUEIMOT TOV TIHOV TOV CLOTAGEWV, OA®V TOV 0EPLOV TPOTOVI®V NG

avtidpaons. H toldvioon tov tipdv tov mapoyodpsvov CO2 potdler va givor m
HEYOADTEPT] OO OAOL TOL AEPLOL CLOTOTIKA. AVOAOYIKE, Ol TOAOVTIMGELS TV TIUDOV TOV
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CO, tov CH4 kot tov H2 mpaypatonotodvior oe pikpotepa 0pn TIHOV, 0AAL pe péon
TIUN OV GLVVEXDG HEW®VETOL. O GLVOLOGUOC TOV TOPOUTAVE® TAPUTNPNCEDV 00NYEL OTO
ocoumépoopa O6tL 1 depyacio 0gPLOTOINoNG TOV GLYKEKPUEVOL delypatog Propdlog
aotdynoe. Avto gival okoun o Ekdnio katd ta tekevtaio 30-40 min g dokiung.

Me okomd va evtomotel 1 attio TNG aGTOYING TNG TPMOTNG SOKIUNG, TPOYUATOTOMONKE
devtepn doxkyn €nerta and 24 dpec. Kot o€ autv v mepintmon, Tpwv v Tpopodocio
TOV aVTIOPACTHPA Kol TV Evapén e aviidpaons, £ytvay OAOL 01 TUTTIKOL EAEYYOL KOANG
Kot OpOANG Aertovpyiag Tov cvotnuatog. Ta amotehéopota g SLVVOUIKNAG HETAPOANG
MG G06TOCNG TV 0EPIOV  TPOIOVIOV 1TNG O0EPLOTOINCONG TOV UTPIKETOV OTO
OTOCTEPOUEVO TPOPIKA LTWOAEIppOTa Kot dyvpo, katd T Aok 2, pUmopovv va
Bpebovv oo Zynua B3.

Onwg etvar povepd and 10 TPONYOOUEVO GYNLLO, LETA TO OPYKO YPOVIKO SIUCTNUO TOV
npotov 40-45 min wov dwapkei | Evapén g avtidpaong, epeavifoviot avéioyo pe Ty
TPMOTN SOKIUN PALVOUEVO TOAOVIDOCEDY TOV TILAV TNG GVGTUCTG TOV OEPLOV TPOIOVIMV.
Kot 6g avt)v v mepintwon ot péoeg TYES, YOp® amd TIG OMOiEG TOAAVIOVOVTOL Ol
TEPOALATIKEG LETPNOELS, OV Umopodv va Tavtoronfodv o poéviun xotactaon. Evo,
nopd TS TaAavTOcELS, N Topaywyn CO2 delyvel onpavtikn, ot HEGES TES TOV TPLOV
dAhov oepiov -mAnv Tov o&uydvov- gueaviCovv eBivovoa petafoin. Ta @owvopeva
avtd cvveyiCovtot kKab’ OAn ™ Sidpkelo TG SOKIUNG, HEXPL TNV TEAIKT OLGTOYIO KOl TOV
AVOYKAOTIKO TEPUATIGHO TOV GLGTNIOTOG, Tepimov oto 420 min.

Oa mpénetl va onpemdel twg 1o O2 e OAn T d1dpKeELD TOV dVO TEWPAUATOV (EKTOS TNG
évapéng Kol TEPUATIGUOD TOV GULGTNHATOC) TOPEUEVE GE TPOKTIKG UNOEVIKO TOCOGT,
(QOVEPMVOVTAG TNV OMOTEAEGUOTIKY] OTOUOVOON TNG E00YOYNS  OELTEPOYEVOLS
TOPACITIKOD aépa 6t0 ovotnua. EmmpdcOeta, to pKpOTEPO TOV TPOCGIOKMOUEVOL
napoyopevo Hz umopel vo opeileton pHepik®dg 6€ GYETIKY AMOKALCT] TPOG T KAT® TOV
AOyoL aépa, AOY® NG OYETIKA avENUEVNS OAIKTG vYpaciog TG Propalag mive amd To
EMUTPENTA OPLQL.

AVOQOpPIKA LLE TN GLUTEPIPOPA TOL AEPLOTONTH STV TPATLAY Propdlo mapaTnprOnKe
dpapatikny peiwon tov mapayopevov CO2 yu ™ Swutipnon tov Beplokpacidv Kot
avtiotoryo avénon tov mtosootov Tov CO (oe clhykplon HE TIG TIWES TOV UTOPOLV VL
e€ayBolv £otm kot pe apeioPntnon amod Tig dvo dokIUES TG emAeypévng Propdlag). T
va dtamiotmBel 1 opHn Aettovpyio TOL CEPLOTOTH GTA TEPAUATO QLT £YIVE KOt ¥p1ioM
Bepuootoryeiov tomov K (mhdtovg 5 mm), to onoio iofAfe otn {dvn kadong and pia
anod 11§ eloaywyEs aépa. [opd ) duckorio didTpnong g KAIVNG TOV COUTIOIOV OOTE
va petpnel n Oeppokpacio 6To KEVIPO TOL OEPIOTOMNTH KATAYpAPNKaY Oeprokpocieg
péxpt 700 °C (mpopavmdg ot Beppokpocieg eivor Katd TL AVAOTEPES GTO TPUYUATIKO
KEVIPO TOL OLEPLOTTOMTY], OOV VTTAPYEL 1| {DVN KAOONG).
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Yyqpoe B3. Avvopkn petafoAn tng ovotaong Tov aépudv TPOIOVI®MV OEPLOTOINGNG TMV
UTPIKETOTOUUEVOV OTOCTEPOUEVOV OTOPANTOV TPoQIK®V vIoAsiupdtov (40%) kol dayvpov
(60%), pe pubud katavaiwong 12 kg/hr — Aokwn 2.

e k0Pe mepint®on, ot dVO SOKIUES AEPLOTOINONG TOV UTPIKETOV OO OTOGTEIPOUEVO
TPOPIKE VITOAEIHLOTA Kol Gyvpo Ogv pmopovv va BewpnBodv emruynuéves. Iapdrinia,
1660 N €£acPAMoN TG OUOANG AEITOVPYIOG TOL GUOTHUOTOS OCEPLOTOINONG HECH
oLVEXDV EAEYY®V, OGO KOl TO GTOOEPE KOt OAVOUEVOUEVO ATOTEAECULOTO TNG OOKIUNG UE
o wood chips o&tdg, 0dnyodv 610 cvunépacio 0Tt 1 01O AGTOYI0 TOV GVGTAUATOC
opeiheTol TPOTOPYIKA O©TNV HEPIKN] 1 OKOUN Kot TANPY OKOTOAANAOTNTO TOL
GLYKEKPILEVOL €100VC HEIKTMV UTPIKETMV Y10 0EPLOTOINOT).

Téhog, emmAéov TV 600 JOKIUDV aeplomoinons, 1 mapayopevn t€epo muduévo tov
aEPLOTOINTH GLAAEYONKE KO avoAVONKE GLYKEVTPOTIKA Yo T dVo dokiuég (Iivakoag
B5). An6 to amoteAéopoTa OV QOIVETOL KOl TOPOKATE TPOKVITEL TO CUUTEPACHO OTL T
Téppo mepLEyel kotd mpocEyyion 90% davlpaxka kot 10% avopyavn téepa. Avtd
KOTOOEIKVVEL OTL M OLEPLOTTOINGT NTAV OTEANG, QPNVOVTOS LEYOAO TOGOGTO (vOpoKa TOV
dev avtédpace ot Téepa. e pio Propnyavikn epapuoyn, To LAKO avtd umopet gite va
xpnoporom el ylo ETavaTPOPOd0Gia GTO CLGTNUA TNG aEPLOTOINoNG N va avalntnodv
EVOALOKTIKEG €QOPUOYEC TOV, OMMOC Y. MG €00QOPEATIOTIKO (AOY® ™G avENUEVNG
TEPLEKTIKOTNTAG TOV 6€ GvOpaxa). Oa wpémel akOUn va Toviotel Twg 1 Omoa vypacio
TOV LAMKOD 0TOD OQEIAETOL GTN) GLALOYN TOL UETA GO YPOVIKO SAGTNUA — KOTE TNV
Tapaymyn Tov givor Beppd kot dev TEPIEYEL VYPAGTiaL.

Hivaxag BS. Aghtio avalvong dsiypotoc Téppog amd aepromoinon Mapikétag dyvpo
(60%) ko amootEpOPEVE TPOPIKE vtorrieipata_2019 (40%)

Téppa ané agpromoinon Mapkérag_ dyvpo (60%)
eprypaen Agiypatog K0l QTOGTELPOUEVA TPOPIKE vtoireipata_2019
(40%)
OMkn Yypasia (ISO 18134-1)
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. . . , Agvpopévy
Méye0og Baon Movaéoeg Twn ABeparémnra
Ol Yypaoio g £Yel % 6,2
Yookt Avaivon (ISO 16948)
. . . , Agvpopévn
Méye0og Béon Movadeg Twn ABepmérnra
Avlpakag enti Enpov % 87,59
Ydpoyévo eni Enpov % 1,17
Almto eni Enpov % 1,21
Iposdropropog Ociov (1SO 16994 & ASTM D 516)
. . . , Algvpopévny
Méye0og Baon Movadeg Twn ABsBarémra
O¢io eni Enpov % 0,07
Mpocdropropoc Ximpiov (1ISO 16994 & ASTM D 516
. . . . Argopopévn
Méye0og Baon Movadeg Twn ABsBarémra
Xiapro ent Enpov % 0,11
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