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Abstract
The warming climate results in higher losses in potato production, storage and processing, especially in developing countries. 
Feeding, anaerobic fermentation, combustion, composting and charring of potato peels with reject potatoes were analyzed on 
a pilot scale. It was revealed that feeding is the most promising alternative; however, additional energy inputs for potato waste 
steaming are advisable to break down trypsin inhibitors that naturally decrease protein digestibility. Other results indicate 
that it is advisable to ferment the slurry obtained with post-harvest residues into biogas and subsequently pyrolyze dewatered 
fermentation residues into biochar. It is appropriate to subsequently enrich the biochar by the liquid fraction of fermentation 
residues via filtration. Enough indications was found that this setup provides multiple horizontal synergies as well as paral-
lel synergies, both technical and economic, that altogether create prerequisites for sustainability of developing agriculture.
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ADG  Average daily gain
AFP  Air-filled porosity

AL  Albumin
BET  Microporosity
BOD  Biological organic demand
BR  Basal respiration
BS  Base saturation
BUN  Blood urea nitrogen
CEC  Cation exchange capacity
CH  Cholesterol
CR  Creatinine
HM  Hemoglobin
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HWC  Hot water extractable carbon
HWN  Hot water extractable nitrogen
HWP  Hot water extractable phosphorus
L  Labile fraction of organic matter
MEp  Metabolizable energy for pigs
Nmin  Mineral nitrogen
PCV  Packed cell volume
PMN  Potentially mineralizable nitrogen
R  Resistant fraction of organic matter
TP  Total porosity
TPR  Total protein
VS  Volatile solids
WR  Water retention

Introduction

Many communities in the developing world are highly depend-
ent on potato production, both economically and nutritionally 
(Scott et al. 2019). Potatoes provide a high food production 
value per unit area, and their tubers are rich in vitamin C, nia-
cin and vitamin B6 (Mohammadi et al. 2008). Nevertheless, 
the potato plant has one of the heaviest production demands 
for fertilizer inputs, the price of which has been rising in the 
long term (Khabarov and Obersteiner 2017). As predicted by 
Scott et al. (2000) and independently by Hijmans (2003), the 
potato market is becoming increasingly volatile under climate 
change as the currently bred varieties suffer from low heat 
tolerance (Willersinn et al. 2017), which negatively affects the 
tuberization period (Honma and Yamakawa 2019), resistance 
to droughts (Qin et al. 2019), immunity to pests (Gao 2018) 
and storage (Fehres and Linkies 2018). As it takes a long time 
to develop new potato cultivars accustomed to warm tempera-
tures (Tillault and Yevtushenko 2019), it is expected that losses 
in production and storage will increase (Fehres and Linkies 
2018). There used to be a broad consensus in the potato indus-
try that damaged tubers, peels, slivers and gray starch comprise 
some 70% of all the potato processing waste, which accounts 
for approximately 4% of the harvest (Osawa et al. 2018). Nev-
ertheless, the amount of potato waste has almost doubled over 
the last decade and continues to rise steeply, especially in the 
developing countries which cannot afford cooled warehouses 
(Hadizadeh et al. 2019). The established schema in potato 
waste management is as follows: prevention (Zarzecka and 
Gugała 2018); food (Scott et al. 2019); feed (Duynisveld and 
Charmley 2018); fine chemicals and materials (Arapoglou 
et al. 2010); biogas production (Antwi et al. 2017); composting 
(Ghinea et al. 2019); landfilling (Parawira et al. 2004). How-
ever, developing countries cannot afford the demanding steps 
of this cascade, in particular the starch refining technologies 
(Dupuis and Liu 2019) capable of turning potato biowaste into 
bioplastics (Kasmuri and Zait 2018) wallpaper glue (Zhang 
et al. 2019) or drilling mud (Wang et al. 2015). Plowing into 

arable land should also be phased out to prevent pests (Gao 
2018). On the other hand, the climate of many developing 
countries allows the drying of potato waste and its subsequent 
energy use, both by incineration and pyrolysis (Mardoyan and 
Braun 2015).

An environmentally friendly and technologically unde-
manding solution for potato waste management which would 
be financially viable under the volatile conditions of devel-
oping economies is yet to be found (Hadizadeh et al. 2019). 
As regards anaerobic fermentation, the revenues come from 
biogas or electricity sale and subsequent agronomic benefits 
(nutrients and organic matter recovery) following the applica-
tion of fermentation residues into arable land (Maroušek et al. 
2018). As for combustion, the revenues come from energy 
production and nutrients present in the ash (Vochozka et al. 
2016a). The pricing of compost is based on the accessible 
nutrients (Rigby et al. 2016) and the quality of organic matter 
(Kolář et al. 2011). As for charring, the valuation considers 
the energy stored in charcoal (Mardoyan and Braun 2015) or 
the price of the biochar obtained. (This involves the nutrients 
present and other soil improving properties (Maroušek et al. 
2019)). However, from an economic point of view, it needs 
to be pointed out that nutrients in organic matter must first be 
mineralized via soil biota before they can be used for plant 
nutrition (Stehel et al. 2018). Developing countries are char-
acterized not only by low labor efficiency but also by high cur-
rency volatility (Hašková 2017); therefore, optimal technology 
setup should take into account the state of the market in more 
developing countries.

Following the above, it can be summarized that the 
amount of potato waste is soaring in the developing world 
and further rise is to be expected. Outdated waste manage-
ment methods that are followed by inappropriate agronomic 
practices support the transmission of pests, endanger soil 
structure and transform some of the nutrients into chemical 
forms that are not acceptable by crops, altogether further 
increasing environmental and economic damage. Given that 
the high acquisition costs prevent the deployment of mod-
ern biorefining technologies, an economically undemanding 
solution is urgently in demand.

The objective of the paper is to perform a techno-eco-
nomic analysis of potato waste utilization methods in devel-
oping economies and to recommend a solution that will 
improve farming performance (nutrient recovery and soil 
quality in particular).

Methodology

Material

Raw potatoes (Santana, mid-to-late variety) and its peels 
with reject tubers (A) were obtained from a local producer 
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of frozen potato products (Friall s.r.o., Czech Republic) and 
stored at 4 °C until analyzed or processed. A series of 3 
automatic 160-L potato steamers (AGRAFA s.r.o., Czech 
Republic) was used to steam potatoes for 6 h according to 
the manufacturer’s manual. With regard to the biochemical 
characteristics (Table 1), volatile solids (VS, %) were ana-
lyzed using the U.S. EPA (2001) method 1684 (biosolids 
analysis); pH and biological oxygen dement (BOD,  mgL–1) 
were measured using the HQ40D portable pH and BOD 
meter (Hach Lange GmbH, Germany); an analysis of hot 
water extractable carbon, nitrogen and phosphorus (HWC, 
HWN and HWP, %) was carried out according to Kolář et al. 
(2008) in modification by Maroušek et al. (2014); starch 
and ash (%) were determined according to Arapoglou et al. 
(2010); fat (%) was quantified using 99.9% hexane and the 
Soxhlet extractor (Wako Pure Chemicals Ltd., Japan). The 
labile (L) and resistant (R) fractions of organic matter were 
analyzed via the sulfur acid method as modified by Rovira 
and Vallejo (2007) using the NC–90A automatic high-sen-
sitive N/C analyzer (Shimadzu Inc., Japan).

Feeding

An in vivo trial was conducted in 3 groups of 10 piglets (Pie-
train type, 3–4 months old, 32.9 ± 6.5 kg weight, healthy) for 
50 days. All groups were supplied with an unlimited amount 
of water and feed mixture proportional to maintaining their 
necessary development and growth. The first group served 
as a control sample; the second and third were provided 
every day with extra potato peels and reject potatoes (raw 
and steamed) ad libitum. Their average daily gain (ADG) 
was measured using FORMATIC 7D tensometric scales 
(FORMAT1, Czech Republic). Blood biochemical analy-
ses were carried out on a daily basis, including analyses on 
packed cell volume (PCV); hemoglobin (HM); total protein 
(TPR); albumin (AL); creatinine (CR); blood urea nitrogen 
(BUN) and cholesterol (CH) levels according to Škapa and 
Vochozka (2019). Metabolizable energy for pigs (MEp) was 
analyzed (and calculated) in vitro according to May and Bell 
(1971).

Anaerobic fermentation

Potato waste (raw potatoes for comparison) was mixed 
with 1% (VS) of inoculate (B) that was obtained from 

the Nedvědice biogas station (Czech Republic, technol-
ogy design and corresponding processing parameters of 
the biogas station as well as feedstock properties stated in 
Maroušek et al. 2018). Subsequently, the inoculated bio-
waste was subjected to a battery of S2 automatically oper-
ated semi-continuous anaerobic reactors (Stix Ltd., Czech 
Republic). The biogas yields obtained were monitored by the 
GA3000 infrared-based biogas analyzer (Chromservis Ltd., 
Praha, Czech Republic), and the cumulative production of 
methane was converted to 20 °C and atmospheric pressure 
(101.3 kPa).

Combustion

The heating value of sun-dried potato waste was measured 
using the auto-calculating bomb calorimeter (CA–4AJ, Shi-
madzu, Japan). European standards for solid biofuels were 
used to assess fuel specifications; see Mardoyan and Braun 
(2015) for details.

Composting

Composting was carried out in two steps: First, the raw feed-
stock was prepared. The feedstock (VS) included grass clip-
pings (30%), rye straw (30%) and sunflower stalks (40%), 
altogether 42.6 tonnes. 1.6-meter high and 3-meter wide 
rows (21.3 tonnes each) were tossed by a tractor-carried 
mobile compost turner every two weeks for six months. Sub-
sequently, one of the rows was enriched with 21.3 tonnes of 
potato waste (50% VS), and composting was performed for 
another six months (both samples). The experiment was con-
cluded by carrying out analyses on cation exchange capacity 
(CEC); base saturation (BS); total porosity (TP); air-filled 
porosity (AFP); water retention (WR) and basal respiration 
(BR).

Charring

The potato waste was mechanically dewatered using the 
2SS-PHX double-screw continuous dewatering press 
(PHARMIX, s.r.o, Czech Republic) tailored to achieve 
continuous backpressure tension of 400 N. This pressure 
dewatered the biowaste to some 78% VS. The dewatered 
potato waste was subjected to the continuous (150 kg h–1) 
standardized UHL-07 pyrolysis unit (Aivotec, s.r.o., Czech 
Republic). In brief, the pyrolyzing apparatus consists of the 

Table 1  Biochemical characteristics, where A = potato waste; B = inoculate, ND = not detected, all n = 12; p value = 0.05

VS (% w) pH BOD  (mgL–1) HWC (% w) HWN (% w) HWP (% w) Starch (% w) Fat (% w) Ash (% w) L/R

A 88.4 ± 3.9 5.5 ± 0.2 1403 ± 96 46.1 ± 13.7 23.5 ± 9.0 1.6 ± 0.8 47.7 ± 3.5 2.5 ± 1.1 7.1 ± 2.9 72.3 ± 11.2
B 6.5 ± 2.7 7.2 ± 0.2 274 ± 80 31.9 ± 7.5 2.5 ± 1.9 0.7 ± 0.5 ND ND 6.8 ± 3.5 1.4 ± 0.3
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entrance hopper equipped with an inner vertical slow motion 
helix. The slowly rotating helix continuously compresses the 
biowaste down into the mechanical turnstile located at the 
bottom of the hopper. The turnstile provides minimum air 
leakage to minimize combustion and the related ash forma-
tion. The turnstile leads to the pyrolysis chamber made up 
of a thick–walled refractory horizontal wide cylinder, where 
the material is exposed to the external source of heat (for 
more construction details see Mardoyan and Braun 2015). 
The potato biowaste was pyrolyzed at 350 °C. (The speed of 
the horizontal helix responsible for the hydraulic retention 
time was set to 0.5 Hz, which corresponds to the delay of the 
feedstock in the pyrolysis chamber for approximately 8 min.)

Agrochemical value

Pig slurry, fermentation residues, ash, compost and bio-
char were analyzed for L and available nutrients (accord-
ing to Rigby et al. 2016 as follows: the sum of mineral and 
potentially mineralizable nitrogen (Nmin + PMN); hot water 
extractable phosphorus (HWP) and hot water extractable 
potassium (HWK)). The presence of heavy metals was ana-
lyzed using the AAnalyst 700 atomic absorption spectrom-
eter (PerkinElmer Inc., USA) with a continuum deuterium 
background corrector and HGA 900 Graphite Furnace. (All 
measurements were carried out in an airy acetylene flame.) 
The potential toxic effects of inhibitors were analyzed by 
cress, barley and salad germination tests based on the Inter-
national Standards Organization’s standards for biotoxicity 
test procedures adapted according to Busch et al. (2012). Gas 
chromatography and mass spectrometry analyses on poly-
cyclic aromatic hydrocarbons, dioxins and furans were per-
formed externally (AGRO–LA, spol. s.r.o., Czech Republic) 
according to Fabbri et al. (2013). The agrochemical value of 
the organic matter was determined by its biodegradability 
(ratio of labile and recalcitrance organic matter, hereinafter 
as L/R), as described in Kolář et al. (2008). Microporosity 
(BET) was detected using the technique of helium adsorp-
tion via the TriStar 3000 surface area analyzer (Micromerit-
ics Ltd., Japan) after 48 h of degassing at 200 °C and 1 h of 
degassing at 300 °C.

Financial assessment

Payback period (PP, according to Hašková 2017) is cal-
culated to indicate unrealistically long investments). Net 
present value (NPV, according to Hašková 2017) was cal-
culated to subsequently indicate the most attractive invest-
ment opportunity. With regard to feeding (I.), the financial 
analysis considered the running cost (steaming is 10% more 
costly), purchase cost of the steaming technology (1 k USD) 
and the revenues from meat sale and slurry valuation. As 
far as the anaerobic fermentation (II.), increased running 

cost (+ 70%), acquisition cost of the 0.3 MW biogas station 
(0.4 M USD), revenues coming from electricity sale and 
agrochemical valuation of the fermentation residues were 
taken into account. Calculation on combustion (III.) con-
sidered the acquisition cost of the furnace (10 k USD) and 
incomes from energy production and the agrochemical value 
of the ash obtained. With regard to composting (IV.), the 
increase in cost is negligible and calculation considered in 
particular pricing of the product. Regarding production of 
char (V.), revenues from its sale and the cost of the pyrolysis 
apparatus (20 k USD) were taken into account. In addition 
to V., calculation on biochar (VI.) included also additional 
cost of the filtration technology (5 k USD). Calculations 
were carried out under economy of 5 different developing 
countries (Armenia, Georgia, India, Botswana and Viet-
nam), whereas the results represent average values. All 
experiments were carried out with 10 repetitions (n = 10) 
unless stated otherwise; zunzun.com was used for graphic 
processing.

Results and discussion

The characteristics of the potato waste (Table 1) used are 
similar to reports found in the literature (Parawira et al. 
2004), which is a good prerequisite for subsequent generali-
zation. Heavy metals as well as the most common inhibitors 
(polycyclic aromatic hydrocarbons, dioxins and furans) in 
all of the measurements were far below the limits required 
in the USA and EU (data not stated). This is indirectly con-
firmed by analysis on cress, barley or salad germination, 
none of which showed any sign of phytotoxicity. The high 
proportion of L in the biowaste makes it possible to predict 
that all available nutrients will be readily available to both 
animals and soil biota. Given the HWC/WHN is close to 2, 
it can be assumed that the fermentation processes will be 
stable (Maroušek et al. 2014).

With regard to feeding experiments, it can be stated 
that both raw and steamed potato wastes showed minimal 
changes or slight improvements as far as the blood response 
(Table 2). This is in line with the literature, as it has been 
repeatedly reported that potatoes can be a source of nutri-
tionally important factors like vitamin A, ascorbic acid, 
thiamin, riboflavin or niacin (Mohammadi et al. 2008). All 
animals remained in good shape during the experiments, 
and their autopsy showed no sign of anomalies. Feeding 
with steamed potato waste significantly increased the ADG 
(+ 6.3%). Regarding the raw potatoes diet, the change on 
average ADG was lower (+ 1.4%). Food weighing showed 
that the cooked potatoes had higher palatability (approxi-
mately 4 times higher consumption compared to raw pota-
toes). With an acceptable level of simplification, measure-
ments revealed that 8.2 ± 4.4 kg of steamed potato waste 
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resulted in 1 kg of live weight, while 15.9 ± 8.3 kg of raw 
biowaste was needed to achieve the same.

Both of these findings are in good agreement with 
Tuśnio et al. (2011), who concluded that a potato diet did 
not show beneficial health effects on lipid metabolism, but 
did correlate with an increase in ADG. It is assumed that 
a low response toward feeding with raw potato waste can 
be seen in the presence of trypsin inhibitors, as these are 
capable of decreasing protein digestibility in the rest of the 
feed. The analysis of MEp showed almost identical val-
ues for raw and steamed biowaste (11.7 ± 0.4 MJ kg–1 and 
11.6 ± 0.4 MJ kg–1). Following the above, it can be argued 
that the in vitro MEp method is incapable of delivering 
results comparable to in vivo trials, since it does not ade-
quately respect the complexity of the digestive system (May 
and Bell 1971). In agreement with Thu et al. (2012), the 
agrochemical valuation of pig slurry confirms that this mate-
rial is rich in L that can quickly act as an energy source for 
soil biota. On the other hand, it contains high levels of water 
(88%) and the availability of nutrients for plant production 
is low since these are present mostly in organic forms that 
are unavailable to plant intake (Table 3) and tend to be lost 
in the form of ammonia emissions.

Taking into account the value of nutrients on the fertilizer 
market (Kim et al. 2019), the fertilizing value of 1 metric ton 
of potato waste (fresh weight) that was turned into slurry by 
pigs can be priced for some 20 USD. Regarding the valua-
tion of the organic matter, its price was calculated by low-
ering the price of manure (considered to be an example of 
easily degradable organic matter, Kolář et al. 2011) by its 
nutrient levels (10 USD  t–1 L). Following the above, the 
benefits of feeding, which include pork production, nutrients 
and the organic matter present in the slurry obtained, are 
stated in Table 5. With regard to biogas production (Fig. 1), 
it can be seen that at the beginning, steamed potato waste 
ferments slightly faster than raw potatoes. (The lag phase 
appears to be one day shorter.) Given that raw potato waste 
delivered slightly higher (48.6 ± 1.3) levels of carbon diox-
ide in comparison with raw potatoes (46.0 ± 1.7) during the 
lag phase, it can be assumed that spontaneous consortia of 
microorganisms present in the raw biowaste are partly steri-
lized during steaming.

For this reason, inoculation with active colonies of anaer-
obic microorganisms is advisable. After about 3 weeks, how-
ever, even these slight differences disappear and the total 

methane production per metric ton in fresh weight stabi-
lizes itself in the close neighborhood of 67  m3 in both cases 
(price equivalent to 37.2 kg of potatoes or 6.5 kg of pork 
under developing economy). With regard to the feedstock 
BOD, it can be stated that almost 85% of the theoretical 
methane yield was achieved and further production cannot 
be expected within a commercially reasonable period. Ana-
logical methane yields were obtained more slowly than as 
reported by Achinas et al. (2019) or Parawira et al. (2004); 
nevertheless, it should be noted that their performance was 
achieved with the help of energy-intensive disintegration 
techniques and costly reactors, or, more precisely, with the 
help of costly enzymatic mixtures.

Antwi et al. (2017) also reported their methane yields as 
occurring faster; however, their methods considered pure 
potato starch. The analysis confirmed that the level of L 
present in the fermentation residues is low (Table 3). This 
reveals that (1) the process parameters of the anaerobic fer-
mentation experiment were set up well and the methano-
genesis approached a techno-economic optimum (Maroušek 
et al. 2018) and (2) there is no other L left in the feedstock 
(compared to Fig. 1). Following the levels of nutrients 
detected in the fermentation residues (Table 3) and the cur-
rent prices on the market of fertilizers (Kim et al. 2019), the 
fertilizing value of 1 metric ton of potato waste turned into 
fermentation residues is quite low, since the nutrients are 
present mostly in organic forms. The price of organic matter 
is also low, since majority of L was fermented into methane.

Revenues linked to the anaerobic fermentation of bio-
waste and its subsequent application into arable land are pro-
vided in Table 5. Regarding combustion, the heating value 
of the sun-dried potato waste turned out to be 16.39 MJ kg–1. 

Table 2  Changes in blood results of piglets after 1  month of potato waste ad  libitum, blank sample = 100%, where C = piglets fed with raw 
potato waste, D = piglets fed with steamed potatoes, all n = 10; p value = 0.05

PCV (%) HM (%) TPR (%) AL (%) CR (%) BUN (%) CH (%)

C  + 2.1 ± 1.7  + 4.2 ± 3.1 – 1.0 ± 1.3 – 0.5 ± 0.7  + 1.7 ± 1.5 – 2.9 ± 2.1  + 3.3 ± 1.8
D  + 4.7 ± 1.8  + 4.1 ± 2.5  + 0.7 ± 1.4  + 0.3 ± 2.1  + 1.4 ± 1.9  + 0.8 ± 1.0  + 5.7 ± 2.1

Table 3  Analysis of nutrients available for plant production, 
where G = pig slurry, H = fermentation residues, I = ash, J = com-
post, K = biochar, ND = not detected (in relation to A), n = 12; p 
value = 0.05

Nmin + NPM (kg 
 t–1)

HWP (kg  t–1) HWK (kg  t–1) L (kg  t–1)

G 8.3 ± 7.9 5.4 ± 6.4 3.2 ± 5.8 853.9 ± 36.5
H 14.0 ± 5.1 7.1 ± 7.2 5.5 ± 7.4 174.1 ± 57.3
I ND 14.2 ± 9.3 12.7 ± 3.4 ND
J 15.2 ± 6.6 18.3 ± 5.6 18.8 ± 5.9 ND
K ND 22.8 ± 4.0 19.6 ± 6.1 ND
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Energy price of 1 tonnes of this biowaste is equal to 2.4 kg of 
pork or 15.1 kg of potatoes. Parawira et al. (2004) reported 
similar values (16.4 MJ kg–1). The agrochemical value of 
the ash obtained from 1 ton of fresh potato waste is high 
(Table 3); however, its quantity is low. As regards compost-
ing, it can be seen (Table 4) that CEC was not improved 
by the incorporation of potato waste. However, it can be 
assumed that this key feature might begin to increase if the 
experiment is run for a longer period of time, because to 
achieve increased CEC, merely decomposting the organic 
matter insufficient; the humification process should also 
begin (Kolář et al. 2011). Other biochemical indicators of 
compost quality increased, confirming that the proportion 
of L has managed to supply energy to the consortia of aero-
bic biota present. In particular, the WR was significantly 
increased (Table 4). This is indirectly confirmed by the 
analysis of nutrients available for plant nutrition, presented 
in Table 3.

Data on nutrient bioavailability also indicate that the 
aerobic consortia of microorganisms were not limited in 

their metabolic processes. It should be reflected that the 
agrochemical properties (Table 4) are not sufficient to 
evaluate compost pricing because of the high cost related 
to the logistics of its application into arable land. For that 
reason, comparison with competing products has to be taken 
into account (20 USD  t–1). As far as charring of biowaste 
is concerned, the heating value of the char showed to be 
26.52 ± 0.3 MJ kg–1 which, taking into account the losses 
(gaseous and liquid products) and char prices on global mar-
ket (Mardoyan and Braun 2015), means that 1 ton of charred 
potato waste can be valued for 540 USD  t–1 (Table 5). With 
regard to the biochar (dust fraction) obtained from potato 
waste, it showed out that its fertilization value (Table 3) 
could be more than doubled when using the filtration tech-
nique. However, it is not only the levels of nutrients that 
define biochar valuation (Vochozka et al. 2016b). Biochar 
did not show any sign of phytotoxicity to cress, barley or 
salad germination.

Heavy metals in all of the tests stayed far below the 
limits required in the USA and EU (data not stated). It 

Fig. 1  Dynamics of cumulative methane production obtained from 10 repetitions from anaerobic fermentation of raw potato waste (E) and 
steamed potato waste (F) shows minimal differences; the dotted line shows the most likely run; dashed lines define the 95% confidence interval

Table 4  Changes in agrochemical properties following application of the potato waste; here, the blank sample refers to 100%, n = 12; p 
value = 0.05

CEC (%) BS (%) TP (%) AFD (%) WR (%) BR (%)

– 3.3 ± 9.2  + 5.7 ± 4.2  + 4.8 ± 3.0  + 3.6 ± 2.1  + 15.9 ± 1.3  + 11.5 ± 6.9

Table 5  Changes to PP and NPV, where feeding of raw potato waste = 100%, calculated from 5 different developing countries in summer of 
2019 (n = 5; p value = 0.05)

I. (%) II. (%) III. (%) IV. (%) V. (%) VI. (%)

PP  + 16 ± 3  + 1452 ± 610  + 283 ± 54  + 1712 ± 437  + 149 ± 39  + 256 ± 81
NPV  + 241 ± 67  + 5096 ± 1418  + 732 ± 243  + 91 ± 57  + 7435 ± 4754  + 9942 ± 4733
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can be argued that biochar properties (pH = 8.7 ± 0.1; 
CEC = 22.4 ± 0.0  cmolc  kg–1; BET = 45.7 ± 9.1  m2g–1) are 
of moderate quality (Fabbri et al. 2013). In agreement with 
Vochozka et al. (2016b), such biochar can be priced as 720 
USD  t–1 (Table 5). Following the above, it was proposed to 
setup the technology as stated in the Graphical Abstract. 
Estimated payback period is stated in Table 5.

Conclusions

Rising temperatures sharply increase potato waste quantity 
in developing countries. However, developing countries 
cannot implement modern prevention and waste manage-
ment technologies since these are capital-intensive. Afford-
able technologies (steaming, feeding, anaerobic fermenta-
tion, combustion, composting, charring and combinations 
thereof) to process potato waste were biotechnologically 
(recovery of organic matter, nutrients and energy) and 
financially assessed in consideration of the limitations of 
developing economies. A sufficient number of indications 
were obtained to suggest that the setup that is depicted in 
the Graphical Abstract (description follows) is the closest to 
the techno-economic optimum under the given conditions.

Potato waste is steamed and used as feed for pigs. Pig 
slurry and potato waste that pigs refused to consume are 
anaerobically fermented, whereas the biogas obtained is 
combusted to generate electricity and heat. The heat from 
biogas combustion runs the pyrolysis of the fermentation 
residues; the heat from the pyrolysis reactor runs the steam-
ing chamber. Subsequently, the charred fermentation resi-
dues are turned into nutrient-enriched biochar by serving 
as a filter through which the liquid fraction of fermentation 
residues is poured.

Provided that the potato waste management is carried out 
according to the above, multiple synergies can be achieved. 
At first, steaming of the potato waste breaks down trypsin 
inhibitors responsible for limited protein digestibility. This 
results in improved animal health (case study showed sig-
nificant improvement of blood results, in particular + 4.7% 
PCV, + 4.1% HM and + 5.7% CH) that is linked with higher 
feed intake (+ 6.3% ADG), which leads to an improved 
economy of pig production in general. Secondly, steamed 
and digested potato waste accelerates anaerobic fermenta-
tion and the higher amounts of electricity from biogas com-
bustion also increase the income. Thirdly, the cascade of 
steaming, anaerobic fermentation and pyrolysis blocks the 
transfer of disease vectors and pests (including mycotoxins) 
back to the arable land. Last but not least, production and 
subsequent application of nutrient-enriched biochar into 
arable land results in multiple improvements in soil quality. 
(Case study showed + 15.9% WR and + 11.5% BR.) These 
indicators can be interpreted not only as another source of 

additional revenues from subsequent crop production, but 
also as a tool to mitigate the risks of financial losses related 
to drought and heavy rains (erosion and nutrient leach-
ing). Fifth, more efficient nutrient recovery (case study 
revealed + 22.8% WHP and + 19.6% HWK) can be achieved, 
which significantly reduces fertilizer spending. However, a 
vast majority of nitrogen is lost during pyrolysis step. This 
is not a momentous problem at the current nitrogen pricing; 
however, further research should be devoted to incorporate 
a undemanding nitrogen recovery process.
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