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METHOD FOR UPGRADING WASTE AND CORRESPONDING DEVICE 

The 	present 	invention 	relates 	to 	the 	field 	of 	substrate 

5 	treatment, 	in particular, with a view to upgrading them. 

By "substrate(s)", 	is 	meant 	indistinctly 	any 	type 	of 	waste: 

household, 	green, 	or 	industrial 	waste 	or 	biomass. 	Mostly, 

substratescome 	in 	partly 	solid 	form. 	They 	comprise 	organic 

elements and possibly inorganic elements. 

10 	More 	particularly, 	the 	invention 	relates 	to 	a 	first 	of 	its 

purposes, 	a 	method 	for 	upgrading 	substrates 	at 	least 	partly 

organic and at least partly solid, 	comprising steps consisting 

in: 

A. introducing 	a 	plurality 	of 	volumes 	of 	fresh 	substrates 

15 into a plurality of respective percolators, 

B. humidifying 	the 	volume 	of 	substratesof 	at 	least 	one 

percolator, 	in 	order to 	ensure 	a hydrolysis 	of 	at 	least 

one portion of the organic constituents of said volume, 

C. injecting 	the 	leachate 	from 	at 	least 	one 	humidified 

20 volume 	of 	substrates 	into 	an 	anaerobic 	digester 	for 

producing biogas, 

D. sending 	a 	portion 	of 	the 	liquid 	from the 	digester 	back 

into at least onepercolator for step B, 	and 

E. repeating steps B to D for a determined period. 

25 

Such a method is known by the skilled person. 

However, 	the 	substrates 	(particularly 	household) 	usually 

require 	upstream 	of 	the 	humidification 	a 	complex 	and 	costly 

mechanical preparation step, 	thus 	highly reducing the portion 

30 	of organic fractionwhich is sent for digestion and which canin 
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METHOD FOR UPGRADING WASTE AND CORRESPONDING DEVICE

The present invention relates to the fiel-d of substrate
treatment, in particul-ar, with a view to upgrading them.

By "substrate(s)", is meant indistinctly any type of waste:

household, green, or industrial- waste or biomass. Mostly,

substratescome in partJ-y sol-id form. They comprise organj-c

elements and possibly inorganic el-ements.
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More particularly, the invention
purposes, a method for upgrading

organic and at least partly so1id,
in:

rel-ates to
substrates
comprising

a first of its
at l-east partJ-y

steps consisting

A. introducing a plural-ity of vol-umes of fresh substrates
into a plurality of respective percolators,

B. humidifying the volume of substratesof at l-east one

percolator, in order to ensure a hydrolysis of at feast
one portj-on of the organic constituents of said voJ-ume,

C. injectlng the leachate from at l-east one humidified
vofume of substrates into an anaerobic digester for
producing biogas,

D. sending a portion of the liquid from the digester back

into at l-east onepercol-ator for step B, and

E. repeating steps B to D for a determined period.

Such a method is known by the skil-l-ed person

However, the substrates (particularly household) usually
require upstream of the humidification a complex and costly
mechanical- preparation step, thus highly reducing the portion
of organic fractionwhich 1s sent for digestion and which canin30
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addition 	cause 	significant 	constraints 	of 	exploitation 	and 

maintenance, particularly due to the presence of inerts. 

Furthermore, 	the substrates 	(biomass, 	green waste, 	papers and 

cardboard) 	contain an important fraction of undegraded organic 

5 matter 	during 	the 	anaerobic 	digestion, 	their 	treatment 	by 

digestion 	hence 	usually 	leads 	to 	anoverdimensioning 	of 	the 

digesters. 

Furthermore, 	in 	the 	prior 	art, 	it 	is 	provided 	a 	singlephase 

percolation step in which steps A and B are implemented in a 

10 closed 	and 	sealed 	enclosure, 	such 	as 	to 	produce 	biogas 	and 

channel the produced biogas. 

The 	present 	invention 	proposes 	a 	method 	substantially 

characterized in that: 

for step C, 	all 	the 	leachate 	from said humidified volume 	of 

15 substrates is injected directly into the anaerobic digester, 

and 	in 	that 	beyond 	a 	threshold 	time 	value, 	for 	a 	volume 	of 

substrates 	of 	one 	at 	least 	of 	said 	percolators, 	the 	method 

further comprises: 

F. a step of aerobic fermentation consisting in performing a 

20 first 	phase 	of 	compostingsaid 	volume 	of 	substrates 	in 

saidpercolator by 	aerobic 	fermentation, 	by 	stopping 	the 

humidification thereof and by airing said percolator, 

and 

G. a 	step of aerobic maturation consisting in performing a 

25 second phase 	of 	composting 	said volume 	of 	substrates 	by 

aerobic maturation, 	by removing said fermented volume of 

substrates 	from said percolator and by positioning 	said 

volume in an aerobic storage device in order to obtain a 

stabilized 	compost, 	whereof 	the 	humidity 	rate 	is 	lower 
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expJ-oitatlon and

of inerts.
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Furthermore, the substrates (biomass, green waste, papers and

cardboard) contain an important fraction of undegraded organic
matter during the anaerobic digestion, their treatment by

digestion hence usually leads to anoverdimensioning of the
digesters.
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percolation step in which steps A and
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channel the produced biogas.

provided a singlephase
B are implemented in a

to produce biogas and

proposes a method substantiallyThe present
characteri- zed

lnvention
in that:

f or step C, al-l- the l-eachate f rom said humidif ied vof ume of
substrates is injected directly into the anaerobic digester,

and in that beyond a threshold
substrates of one at least of
further comprises:

val-ue, for a volume of
percoJ-ators, the method

time
said
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F. a step of aerobic fermentation consisting in performing a

first phase of compostingsaid vol-ume of substrates
saidpercol-ator by aerobic fermentation, by stopping
humidification thereof and by airing said percolator,

and

a step of aerobic maturation consisting in performing a

second phase of composting said volume of substrates by

aeroblc maturation, by removing said fermented volume of
substrates from said percolator and by positioning said
volume in an aerobic storage device in order to obtain a

stabil-ized compost, whereof the humidlty rate 1s lower
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than 	a 	maximum 	threshold 	value 	and/or 	higher 	than 	a 

minimum threshold value. 

For example, 	the humidity rate ranges between a minimum 

5 threshold 	value 	equal 	to 	25% 	and 	a 	maximum 	threshold 

value 	equal 	to 	70%, 	a 	rate 	higher 	than 	25% 	allowing 	to 

prevent 	the 	formation of 	dust 	during the 	spreading. 	The 

maximum 	and/or 	minimum 	threshold 	valuesof 	the 	humidity 

rate 	may 	for 	example 	correspond 	to 	a 	standard 	or 

10 regulation in force. 

Advantageously, 	the 	method 	further 	comprises 	steps 

consisting in: 

H. extracting 	all 	or 	a 	portion 	of 	the 	liquid 	from 	the 

15 digester, 	and 

I. oxygenating all 	or a portion of the extracted liquid 

before 	sending 	it 	into 	at 	least 	one 	percolator 	for 	the 

step B. 

Thus 	allowing 	in 	particular 	to 	limit 	the 	presence 	of 

20 methanogenic bacteria in a percolator. 

The 	extraction 	of 	the 	liquid 	from 	the 	digester 	may 	be 

carried out in one time or in several times. 

25 It 	can 	be 	further 	provided 	a 	step 	consisting 	in mixing 

the leachate in the anaerobic digester with other liquid 

or 	stodgy 	organic 	substrates 	from 	other 	sources 	with 	a 

methanogenic potential. 

30 In one embodiment, 	one at 	least of the volumes 	of fresh 

substrates 	comprises 	inorganic 	elements, 	the 	method 

further 	comprising 	a 	separation 	step, 	subsequentto 	the 

second 	composting 	phase, 	for 	separating 	the 	organic 

J

than a

mini-mum

maximum threshol-d value and/ or higher than a

threshol-d value.

aIl- or a portion of the extracted liquid
it into at least one percolator for the

in particuJ-ar to limit the presence of
cteria in a percolator.
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For example, the humidity rate ranges between a minimum

threshold value equal- to 25e" and a maximum threshold
val-ue equaJ- to '7 0Z , a rate higher than 252 allowing to
prevent the formation of dust during the spreading. The

maximum and/or minimum threshold val-uesof the humidity
rate may for example correspond to a standard or
regulation in force.
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The extraction of
carried out in one

J-iquid f rom the digester may be

or in several- times.
the

time

It can be further provided a step consisting in mixing
the leachate in the anaerobic digester with other liquid
or stodgy organic substrates from other sources with a

methanogenic potential .

In one embodiment, one at l-east of the volumes of fresh
substrates comprises inorganic el-ements, the method

further comprì-sing a separation step, subsequentto the
second composting phase, for separating the organic
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elements 	from the 	inorganic 	elements 	by 	different 	known 

separating techniques. 

Compared 	to 	the 	traditional 	technologies 	of 	organic 

5 substrate 	treatment 	containing 	inorganic 	elements 	in 

which 	the 	separation 	step 	is 	performed 	upstream 	of 	the 

introduction 	of 	a 	plurality 	of 	volumes 	of 	fresh 

substrates 	into 	a 	plurality 	of 	respective 	percolators, 

this 	allows 	to 	limit 	the handling of the 	substrates 	and 

10 optimize the costs of treatment. 

Advantageously, 	it may be provided a 	step 	consisting 	in 

introducing 	a 	new 	volume 	of 	fresh 	substrates 	into 	the 

percolator 	whereof 	the 	volume 	of 	substrates 	has 	been 

15 removed for the aerobic maturation step. 

Thus, 	allowing to obtain a constant production of methane 

within the digester, 	by sequentially replacing the volume 

of substrates of the percolators. 

20 

It may be provided a 	stepprior to the 	introduction step 

and consisting in making the organic matter accessible to 

the liquid used for the humidification step. 

25 In 	one 	embodiment, 	it 	is 	further 	provided 	a 	step 	of 

detecting 	methane 	and/orhydrogen 	sulphide 	in 	a 

percolator, 	possibly paired with the 	step of airing said 

percolator during the first composting phase. 

30 In 	one 	embodiment, 	it 	is 	further 	provided 	a 	step 	of 

chemically analyzing the 	leachate and/or the 	liquid used 

for the humidification step. 
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elements from the inorganic el-ements by different known

separating techniques.

Compared to the traditional- technologies of organj-c

substrate treatment containing inorganic el-ements in
which the separation step is performed upstream of the

introduction of a pJ-urality of vofumes of fresh
substrates into a plurality of respective percolators,
this al-1ows to l-imit the handling of the substrates and

optimize the costs of treatment.
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introducing a new volume of fresh substrates into the
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It may be provided a stepprior to the introduction step

and consisting in making the organJ-c matter accessible to
the liquid used for the humidification step.

In one embodiment, it is further provided a step of
detecting methane and/orhydrogen sulphide in a

percoJ-ator, possibly paired with the step of airing said
percolator during the first composting phase.

Thus, allowing to obtain a constant production
within the digester, by sequentially replaci-ng

of substrates of the percol-ators.

In one embodiment, it is further provided

chemì-cally anaJ-yzing the l-eachate and/or the
for the humidification step.

of methane

the volume

a step of
J-iquid used
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Preferably, 	the step of aerobic fermentation is linked to 

the step of chemically analyzing the leachate and/or the 

liquid used for the humidification step. 

5 It 	may 	further 	be 	provided 	a 	step 	of 	measuring 	the 

temperature 	of 	the 	substrates 	in 	a 	percolator, 	the 	step 

of aerobic maturation being linked to the results of the 

temperaturemeasuring 	step 	at 	least 	during 	the 	aerobic 

fermentation step. 

10 

According 	to 	another 	of 	its 	purposes, 	the 	invention 

relates to a device for upgrading substrates at least in 

part 	organic 	and 	at 	least 	in 	part 	solid, 	liable 	to 

implement 	the 	method 	according 	to 	the 	invention, 	the 

15 device comprising: 

- 	a 	plurality 	of 	percolators 	in 	which 	a 	plurality 	of 

volumes 	of 	respective 	fresh 	substratesmay 	be 

introduced, 

- 	sprayers for humidifying the volume of substrates of at 

20 least 	one 	percolator, 	and 	performing 	a 	hydrolysis 	of 

one 	portion 	at 	least 	of 	the 	organic 	constituents 	of 

said volume, 

- 	an anaerobic digester for producing biogas, 

- 	at 	least 	one 	pump 	for 	injecting 	the 	leachate 	from at 

25 least 	onehumidified 	volume 	of 	substrates 	in 	the 

digester, 

and 

- 	at least one pump for sending a portion of the liquid 

from the digester back into at least one percolator. 

30 	The 	device 	is 	substantially 	characterized 	in 	that 	it 	further 

comprises: 

5

5

PreferabJ-y, the step of aerobic fermentation is linked to
the step of chemicalJ-y analyzing the leachate and/or the

J-iquid used for the humidification step.

It may further be provided a step of measurì-ng the
temperature of the substrates in a percolator, the step

of aerobic maturation being l-inked to the results of the

temperaturemeasuring step at l-east during the aerobic
fermentation step.

According to another of its purposes, the invention
refates to a device for upgrading substrates at l-east in
part organic and at least in part solid, Iiabl-e to
implement the method according to the invention, the

device comprising:

- a plurality of percolators in which a plurality of
volumes of respective fresh substratesmay be

introduced,
- sprayers for humidifying the volume of substrates of at

least one percolator, and performing a hydrolysis of
one portion at least of the organic constituents of
said volume,

- an anaerobic digester for producing biogas,
at feast one pump for injecting the leachate from at
l-east onehumidif ied vol-ume of substrates in the

digester,
and

- at least one pump for sending a portion of the liquid
from the digester back into at l-east one percol-ator.

The device is substantial-Iy characte rized j-n that it f urther
comprises:
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- 	at 	least 	onepipingper 	percolator 	whereby 	all 	the 

leachate from said humidified volume of substrates 	is 

injected directly into the anaerobic digester, 

- 	a 	device 	for 	stopping 	the 	humidification 	of 	a 

5 percolator, 

- 

	

	at least one ventilator for performing a first phase of 

composting the volume of substrates of a percolator by 

aerobic fermentation, and 

10 

- 	at 	least 	one 	aerobic 	storage 	location 	or 	device, 

different from a percolator, 	to perform a second phase 

of 	composting 	said 	volume 	of 	substrates 	by 	aerobic 

maturation 	in 	order 	to 	obtain 	a 	stabilized 	compost, 

whereof 	the 	humidity 	rate 	is 	lower 	than 	a 	maximum 

threshold value and/or higher than a minimum threshold 

15 value. 

It may be further provided at least one piping for extracting 

a portion 	of 	the 	liquid 	from the 	digester, 	and 	an 	airedtank 

for oxygenating said extracted portion. 

It may also be 	further provided a 	device 	for 	separating the 

20 	organic 	and 	inorganic 	elements 	of 	the 	stabilized 	compost, 

whereof 	the 	humidity 	rate 	is 	lower 	than 	a maximum threshold 

value and/or higher than a minimum threshold value. 

Thanks to the invention, 	it is possible to reduce the portion 

of the organic fraction placed ina non-hazardous waste storage 

25 	facility 	(NHWSF). 

Thanks 	to 	the 	invention, 	it 	is 	possible 	to 	treat 	organic 

substrates 	integrally, 	that 	is 	to 	say 	in 	solid 	form 	and 	in 

liquid form. 

The present 	invention 	allows 	to 	effectively 	solve 	the 	world 

30 	issue pertaining to the reduction of substrate burial. 

6

5

at f east onepi-pingper percolator whereby aIl- the

leachate from said humidified vofume of substrates is
injected directly into the anaerobic digester,
a device for stopping the humidification of a

percolator,
at l-east one ventil-ator for performing a first phase of
composting the volume of substrates of a percolator by

aerobic fermentation, and

at l-east one aerobic storage l-ocation or device,
different from a percoJ-ator, to perform a second phase

of composting said vol-ume of substrates by aerobic
maturation in order to obtain a stabilized compost,

whereof the humidity rate is lower than a maximum

threshold val-ue and/or higher than a mj-nimum threshold
val-ue.

It may be further provided at l-east one piping for extracting
a portion of the Iiquid from the dj-gester, and an airedtank
for oxygenating said extracted portion.
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organic and

whereof the
val-ue and/ or

be further provided a device for separating the
ì-norganic el-ements of the stabili zed compost,

humidlty rate is lower than a maximum threshofd
higher than a minimum threshol-d val-ue.

Thanks to the invention, j-t is possible to reduce the
of the organi-c fraction placed ina non-hazardous waste

facility (NHVTSF) .

portion
storage

Thanks to the invention, it is possible
substrates integralJ-y, that is to say in
liquid form.

effectively
of substrate

to treat organl-c

sol-id f orm and in

sol-ve the worl-d

burial.
The present invention al-lows to
issue pertaining to the reduction30
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The absence of handling of the substrates in a percolator, 	or 

even during the aerobic maturation phase allows to simplifythe 

industrial 	exploitation 	and 	reduce 	the 	implementation 	and 

maintenance. 	Furthermore, 	this improves the health of workers 

5 since 	the 	method 	according 	to 	the 	invention 	generates 	less 

dust and bioaerosols caused by the numerous substrate handling 

operations of the prior art. 

Other 	features 	and 	advantages 	of 	the 	present 	invention 	will 

become 	apparent 	upon 	reading 	the 	following 	description 	given 

10 by 	way 	of 	non 	limiting 	illustrating 	example 	and 	made 	with 

reference to the accompanying figs. in which: 

- 	fig.l illustrates an embodiment of the method according 

to the invention, and 

- 	fig.2illustrates 	an embodiment of the device according 

15 to the invention. 

Generally, 	it 	is 	provided 	that 	the 	substrates, 	in 	this 

instance household waste, 	be directly accessible to the liquid 

making the hydrolysis possible. 	However, 	it happens 	that 	the 

substrates 	be 	inaccessible, 	for 	example 	because 	they 	are 

20 enclosed in plastic bags. 	In this case, 	it 	is provided a step 

100 	consisting 	in 	making 	the 	organic 	matter 	accessible, 

usually by opening or even removing the plastic bags, prior to 

the step of introduction into a percolator. 	Thus, 	the organic 

matter may be humidified by the 	liquid of the percolator, 	as 

25 described 	later. 	The 	dots 	of 	fig.l 	illustrate 	the 	optional 

aspect. 

It 	is 	proposed 	here 	to 	upgrade 	the 	substrates 	in 	both 	solid 

form 	(as 	such) 	and 	liquid 	form 	(that 	is 	to 	say 	the 	liquid 

extracted from the substrates in solid form). 

30 To 	this 	end, 	it 	is 	proposed to 	introduce 	110 	a 	plurality of 

volumes 	of 	fresh 	substrates 	lOas 	is, 	that 	is 	to 	say, 	without 

mechanical 	shaking 	orgrinding 	them, 	in 	a 	plurality 	of 

7
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The absence of handling of the substrates in a percolator, or
even during the aerobic maturation phase allows to simpJ-ifythe
industrial- exploitation and reduce the impJ-ementation and

maintenance. Furthermore, this improves the heal-th of workers

since the method according to the invent j-on generates l-ess

dust and bioaerosol-s caused by the numerous substrate handling
operations of the prior art.

Other features and advantages of the present invention witl
become apparent upon reading the following description given

by way of non limiting il-l-ustrating example and made with
reference to the accompanying figs. in which:

fiq.I ill-ustrates an embodiment of the method according
to the invention, and

fig.2il-l-ustrates an embodiment of the device according
to the invention.

General-ly, it is provided that the substrates, in this
instance househol-d waste, be directly accessible to the liquid
making the hydrolysis possible. However, j-t happens that the
substrates be inaccessibl-e , for exampJ-e because they are

encl-osed in plastic bags. In this case, it is provided a step

100 consisting in making the organic matter accessible,
usually by opening or even removing the pJ-astic bags, prior to
the step of introduction into a percolator. Thus, the organic
matter may be humidified by the liquid of the percolator, as

described later. The dots of fig.1 ilfustrate the optional-
aspect.

It i-s proposed here to upgrade the substrates in both sol-id
form (as such) and liquid form (that is to say the J-iquid

extracted from the substrates in sol-id form).

To this end, it is proposed to introduce 110 a plural-ity of
vol-umes of fresh substrates 10as is, that is to sâY, without
mechanical shaking orgrinding them, in a plurality of

10

15

20

25

30



8 

respective percolators 	20, 	for example by mechanical means 	11 

such as a conveyor, 	a transporter or even a feeder. As opposed 

to 	the 	techniques 	of 	the 	prior 	art, 	leaving 	the 	substrates 

fresh as 	is 	allows 	to 	increase 	substrate 	treatment 	speed 	for 

5 reasons that will be outlined later. A volume of substrates is 

an arbitrary unit volume, 	for example a determined volume, 	the 

volume of a bag, 	the volume of a percolator, 	etc. 

By 	fresh 	substrates 	is 	meant 	substrates 	which 	have 	not 

undergoneany 	priorindustrial 	chemical 	major 	upgrade 

10 transformation, 	that is to say for example substrates directly 

from a collection point. 

A percolator 	20 	is 	a waterproof but 	not 	a 	gasproofenclosure, 

it 	is 	fitted with 	sprayers 	21 	allowing 	to 	humidify 	or water 

the 	volume 	of 	substrates 	within 	it 	and 	thus 	ensure 	a 

15 hydrolysis 	of 	a portion at 	least 	of 	the 	organic 	constituents 

of 	said 	volume 	in 	a 	humidification 	or 	indistinctively 	a 

percolationphase. 

Between 	the 	introduction 	of 	the 	substrates 	and 	the 	aerobic 

maturation step, 	the 	total volume 	of 	liquid sprayed onto 	the 

20 volume 	of 	substrates 	during 	the 	humidification 	120 	is 

preferably 	higher 	than 	the 	volume 	of 	substrates 	in 	the 

percolator 20. 

Preferably, 	once 	the 	humidification 	120 	of the 	substrates 	is 

implemented, 	new 	substrates 	are 	notreintroduced 	in 	a 

25 percolator 	20 	before 	the 	second 	composting 	phase, 	called 

aerobic maturation phase, described later. 

In 	a 	percolator, 	the 	liquid 	sprayed 	onto 	the 	volume 	of 

substrates 	(also called substrate mass) 	for the humidification 

step 	(also 	calledpercolation or watering) 	120flows 	by gravity 

30 and gets 	loaded with organic matter when in contact with the 

substrates 	10. 	This 	percolation 	step 	allows 	an 	extraction 

step, 	by 	collecting 	the 	liquid 	at 	the 	exit 	in 	the 	form 	of 

8
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respective percofators 20, for example by mechanical- means 11

Such aS a conveyor, a transporter or even a feeder. As opposed

to the techniques of the prior art, leaving the substrates
fresh as is all-ows to increase substrate treatment speed for
reasons that will be outl-ined l-ater. A volume of substrates is
an arbitrary unit volume, for example a determined vol-ume, the
vol-ume of a bag, the vofume of a percoJ-ator, etc-

By fresh substrates is meant substrates which have not
undergoneany priorindustrial- chemical major upgrade

transformation, that is to say for example substrates directJ-y
f rom a col-l-ection point.

A percoJ-ator 20 is a waterproof but not a gasproofencJ-osure,

it is fitted with sprayers 2I a1J-owing to humidify or water

the vol-ume of substrates within it and thus ensure a

hydrolysis of a portion at l-east of the organic constituents
of said volume in a humidification or indistinctively a

percolationphase.

Between the introduction of the substrates and the aerobic
maturation step, the total- volume of liquid sprayed onto the

vol-ume of substrates during the humidification L20 is
preferably higher than the vofume of substrates in the
percolator 20.

PreferabJ-y, once the humidification L20 of the substrates is
implemented, new substrates are notreintroduced in a

percolator 20 before the second composting phase, ca1led

aerobi-c maturation phase, described l-ater.

In a percolator, the liquid sprayed onto the vofume of
substrates (also caì-led substrate mass) for the humidification
step (also calledpercofation or watering) I20fl-ows by gravity
and gets l-oaded with organic matter when in contact with the
substrates 10. This percolation step allows an extraction
step, by collecting the liquid at the exit in the form of
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leachate 	(also called seepage water) 	in a piping 22, 	thanks to 

pores 	located 	at 	the 	bottom 	and/or 	on 	the 	sides 	of 	the 

percolator 20. 

5 

As the substrates have been left as is, 	inside the percolator, 

with 	no 	prior 	mechanical 	grinding 	or 	shaking 	or 	in 	the 

percolator, 	there 	are 	aerobic 	pockets 	naturally 	within 	the 

substrate mass. 

Furthermore, 	the 	structure, 	density and particle 	size 	of the 

mass allow to facilitate the flow of the liquid sprayed within 

10 the 	mass, 	thus 	improving 	the 	conditions 	of 	hydrolysis 	and 

limiting risks of biogas production. 

Despite the aerobic conditions of the percolator, 	it may occur 

that 	unwanted 	gases 	(CH4, 	H2S) 	be 	created.Hence, 	it 	may 

further 	be 	provided 	a 	step 	130 	of 	detecting 	methane 

15 and/orhydrogen disulfidein a percolator, 	and airing means 	(non 

illustrated) 	for removing these gases if need be, 	for example 

a 	ventilator 	allowing 	to 	ventilate 	unwanted 	gases 	into 	a 

specific 	(not 	illustrated) 	piping 	in 	order 	to 	prevent 	the 

unwanted gases 	from escaping 	from the percolator 20 	into the 

20 atmosphere. 	In 	fact, 	the 	regulatory 	constraints 	impose 	to 

upgrade or burn biogas. 

The 	leachate 	from 	a 	humidified 	volume 	of 	substrates 	is 

injected 	140, 	for 	example 	thanks 	to 	at 	least 	one 	non 

illustrated 	pump, 	from 	the 	piping 	22 	into 	an 	anaerobic 

25 digester 	30which 	is 	a 	distinct 	equipment 	of 	the 	percolators 

20, 	which is 	liquid and gas proof. 	The anaerobic digester 30 

allows 	to 	produce 	biogas 	from 	the 	leachate 	in 	an 	anaerobic 

digestion 	phase. 	Advantageously, 	the 	anaerobic 	digester 

comprises other liquid or stodgy organic substrates from other 

30 sources 	and which have 	a methanogenic potential, 	for 	example 

sludge 	produced 	by 	the 	factories 	which 	treat 	municipal 	and 

industrialeffluents, 	with 	which 	the 	leachate 	is 	mixed, 	thus 

9
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a piping 22, thanks to
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As the substrates have been left as is, inside the
with no prior mechanical- grinding or shaking
percoÌator, there are aerobic pockets naturaJ-1y

substrate mass.
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or in the
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Furthermore, the structure, density and particle size of the
mass all-ow to facil-itate the fl-ow of the J-iquid sprayed within
the mass, thus improving the conditions of hydrolysis and

J-imiting risks of biogas production.

Despite the aerobic conditions of the percolator, it may occur

that unwanted qases (CHA, H2S) be created. Hence, it may

further be provided a step 130 of detecting methane

and/orhydrogen disulfldein a percolator, and airing means (non

ill-ustrated) for removing these gases if need be, for example

a ventilator allowing to ventil-ate unwanted gases into a

specific (not iIl-ustrated) piping in order to prevent the
unwanted gases from escaping from the percolator 20 into the
atmosphere. Tn fact, the regulatory constraints i-mpose to
upgrade or burn biogas.

The leachate from a humidified volume of substrates is
injected L40, for exampÌe thanks to at l-east one non

illustrated pump, from the piping 22 into an anaerobic
digester 3Owhich is a distinct equipment of the percolators
20, which is liquid and gas proof. The anaerobic digester 30

al-l-ows to produce blogas f rorn the l-eachate in an anaerobic
digestion phase. Advantageously, the anaerobic digester
comprises other liquid or stodgy organic substrates from other
sources and which have a methanogenic potentiaÌ, for example

sludge produced by the factories which treat municipal- and

índustrialeffluents, with which the leachate is mixed, thus

30



10 

allowing 	for 	example 	to 	optimize 	the 	use 	of 	a 	digester 	on a 

site 	by using 	a 	same 	digester 	for 	several 	percolators 	and/or 

several 	substrate 	upgrading 	methods, 	for 	example 	sewage 

sludge. 

5 The 	humidification 	in 	the 	percolators 	(of 	which 	only 	one 	is 

illustratedin 	fig.l) 	hence 	allows 	to 	hydrolyze 	the 	organic 

matter 	contained 	in 	the 	substrates 	and 	extract 	it 	by 	liquid 

process 	in 	order 	to 	produce 	biogas 	within 	the 	anaerobic 

digester 30. 

10 In 	a 	percolator, 	the 	humidification 	step 	120 	is 	preferably 

controlled, 	for 	example 	via 	a 	calculator 	controlling 	the 

output 	of 	the 	sprayers 	21. 	It 	may 	be 	provided 	to 

discontinuously 	humidify, 	for 	example 	based 	on 	a 

humidification 	profile, 	that 	is 	to 	say 	a 	quantity 	of 	given 

15 liquid, 	depending 	for 	example 	on 	the 	volume 	of 	substrates, 

possibly 	their 	thickness, 	and 	the 	time, 	with 	reference 	to 	a 

reference model, 	for example stored in a memory and accessible 

to the calculator. 

Thanks 	to 	the 	injected 	liquid, 	the 	humidification 	step 	120 

20 

25 

allows 	to 	maintain 	adequate 	humidity 	for 	hydrolyzing 	the 

organic matter, 	that 	is 	to 	say,allows 	the 	solubilization 	and 

transformation 	of 	organic 	macromolecules 	into 	volatile 	fatty 

acids 	(VFA). 	It 	also 	allows 	to 	draw 	along, 	by 	solubilization 

the VFA and other 	soluble 	organic molecules, 	that 	is 	to 	say, 

transport 	the 	dissolved 	organic 	matter 	towards 	the 	digester 

30. 

All 	the 	leachatefrom 	the 	different 	percolators 	is 	sent 

directly 	towards 	the 	anaerobic 	digester 	30, 	by 	at 	least 	one 

piping 22 per percolator. 	That is to say, 	that contrary to the 

30 solutions 	of the 	prior 	art, 	there 	is 	no 	direct 	recirculation 

of 	leachate 	in 	input 	of 	a 	percolator: 	the 	leachate 	is 

inevitably 	treated 	by 	the 	digester 	30 	before 	a 	possible 

5

10

aJ-lowing f or exampJ-e to optimize the use of a digester on a

site by using a same digester for severaf percolators and/or

several- substrate upgrading methods , lor exampJ-e se\^/age

sJ-udge.

The humidification in the percolators (of which only one is
il-l-ustratedin f ig. 1) hence allows to hydrolyze the organi-c

matter contained in the substrates and extract it by liquid
process in order to produce biogas within the anaerobic

dì-gester 30.

In a percoÌator, the humidification step I20 is preferably
controlled, f or example via a calcul-ator controJ-1ing the

output of the sprayers 2\. It may be provided to
discontinuously humidify, for example based on a

humidif ication prof iJ-e, that is to say a quant j-ty of glven

liquid, depending for example on the volume of substrates,
possibly their thickness, and the time, with reference to a

reference model- , for example stored in a memory and accessibl-e

to the cafculator.

Thanks to the injected liquid, the humidification step I20

al-l-ows to maintain adequate humidity f or hydrolyzing the

organic matter, that is to say, al1ows the sol-ubil-ization and

transf ormation of organic macromol-ecul-es into vol-atiIe f atty
acids (VFA) . It al-so al-l-ows to draw along, by solubilization
the VFA and other solubl-e organic molecuÌes, that is to sây,

transport the dissolved organic matter towards the digester
30.

All the l-eachatef rom the dif f erent percoJ-ators is sent

directly towards the anaerobj-c digester 30, by at least one

piping 22 per percolator. That is to sây, that contrary to the

sol-utions of the prior art, there is no direct recircufation
of Ìeachate in input of a percoJ-ator: the leachate is
inevitably treated by the digester 30 before a possibl-e
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recirculation. 	This 	allows 	to 	optimize 	the 	production 	of 

biogas in the digester. 

Preferably, 	it 	is 	provided that 	the 	liquid from the 	digester 

in part sent to at least one percolator is the supernatant of 

5 the digester. 	Thus, 	it may be provided to extract 	150, 	by at 

least 	one piping 	31 	and at 	least 	one pump 	(not 	illustrated), 

all 	or part of the 	supernatant 	from the digester 30. 	In this 

case, 	it 	is 	preferably 	provided 	to 	oxygenate 	160 	said 

extracted portion, 	in this instance in an aired tank 40. 

10 Preferably, 	it 	is 	provided 	that 	all 	the 	liquid 	from 	the 

digester is sent to at least one percolator. 

It 	may hence 	be 	provided 	a 	step 	of 	aerobically 	treating 	160 

the 	supernatant 	of 	the 	anaerobic 	digester, 	thus 	allowing 	to 

eliminate 	the 	methanogenic 	bacteria 	contained 	therein 	and 

15 reduce 	or even eliminate 	the 	concentration of nitrogenin the 

form 	of 	ammonia 	dissolved 	therein, 	thus 	optimizing 	the 

extraction potential of the liquid in the percolators when it 

is 	reinjected 	thereto 	and 	limiting 	the 	risks 	of 	producing 

methane in a percolator. 

20 To this end, 	the tank 40 	for treating the supernatant may for 

example have 	an 	airing 	system that 	can be 	adjusted 	in power 

and operating mode for example binary (on/off). 

The 	treated 	supernatant 	thus 	becomes 	all 	or 	part 	of 	the 

extractor 	liquid 	used 	in 	the 	percolators 	for 	the 

25 humidification step in apercolation-digestion cycle. According 

to 	the 	water 	balanceof 	a 	percolator, 	it 	may 	be 	provided 	to 

complete 	the 	treated 	supernatant 	by 	adding 	"process" 	water, 

that is to say, 	wastewater or other leachates. 

A portion 	at 	least 	of the 	liquid 	from the 	digester 	is 	hence 

30 sent 	back 	via 	a 	piping 	41 	and 	at 	least 	one 	pump 	(not 

illustrated) 	into 	at 	least 	one 	percolator 	20 	for 	the 

5

11

recircul-at j-on. This allows to optimize the production of
biogas in the digester.

Preferably, it is provided that the liquid from the digester
in part sent to at l-east one percolator is the supernatant of
the digester. Thus, it may be provided to extract 150, by at
least one piping 31 and at l-east one pump (not illustrated),
al-t or part of the supernatant from the digester 30. In this
case, it is preferably provided to oxygenate 160 said
extracted portion, in this instance in an aired tank 40.

Pref erabJ-y, it is provided that all- the liquid f rom the
digester is sent to at l-east one percolator.

It may hence be provided a step of aerobically treating 160

the supernatant of the anaerobic digester, thus aJ-lowing to
eliminate the methanogenic bacteria contained therein and

reduce or even el-iminate the concentration of nitrogenin the
form of ammonia dissol-ved therein, thus optimizing the
extraction potential- of the J-iquid in the percolators when it
is reinjected thereto and limiting the risks of producing
methane in a percoÌator.

To this end, the tank 40 for treating the supernatant may for
example have an airing system that can be adjusted in power

and operating mode for example binary (on/off).

The treated supernatant thus becomes al-l- or part of the
extractor liquid used in the percolators for the
humidification step in apercoJ-ation-digestion cycJ-e. According
to the water bafanceof a percolator, it may be provided to
complete the treated supernatant by adding "process" water,
that is to sây, wastewater or other leachates.

A portion at feast of the liquid from the digester is hence

sent back via a piping 4I and at l-east one pump (not

iffustrated) into at feast one percolator 20 for the
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humidification 	step. 	The 	steps 	of 	humidification, 	digestion 

and 	reinjection 	are 	repeated 	cyclically 	for 	a 	determined 

duration, 	depending, 	in 	particular 	on 	the 	nature 	of 	the 

substrates 10. 

5 It may be provided a mixed mode wherein only one portion of 

the 	supernatant 	from 	the 	digester 	sent 	to 	the 	percolator 

undergoes 	oxygenation; 	the 	other 	portion 	of 	the 	supernatant 

being mixed with the oxygenated portion for the humidification 

step. 

10 It may be further provided a step of chemically analyzing 170 

the 	leachate 	and/or 	the 	liquid 	used 	for 	the 	humidification 

step, 	in 	this 	instance 	comprising 	the 	supernatant. 	The 

chemical 	analysis 	of 	the 	leachate 	and/or 	that 	of 	the 

supernatant or even the comparison of the chemical analysis of 

15 the leachate with that of the supernatant allows toprovide an 

indication 	on 	the 	methanogenic 	potential 	of 	a 	substrate 

volume. 

For 	example, 	the 	step 	of 	chemically 	analyzing 	the 	leachate, 

includes a measurement of the Chemical Oxygen Demand 	(COD), 	in 

20 the piping 	22 	at 	the 	output 	of the percolator. 	The 	COD is 	a 

parameter used for example for measuring the organic load of a 

solid or liquid substrate, 	expressed as the quantity of oxygen 

required 	for 	oxidizing 	the 	organic 	matter 	of 	said 	solid 	or 

liquid substrate. 

25 Once 	the 	humidification 	step 	finished, 	it 	is 	provided 	an 

aerobic 	fermentation 	step 	181 	in 	the 	percolator 	20, 	thus 

allowing a first phase of composting the volume of substrates. 

Preferably, 	the 	aerobic 	fermentation is 	implemented according 

to 	the 	result 	of 	the 	chemical 	analysis 	step; 	for 	example 

30 according to the difference between a threshold value and the 

absolute value of the difference between a reference value and 

5 It may be provided a mixed mode wherein only one portion of
t.he supernatant from the digester sent to the percolator
undergoes oxygenation; the other portion of the supernatant
being mixed with the oxygenated portion for the humidification
step.

It may be further provided a step of chemical-J-y anal-yzing 710

the l-eachate and/or the liquid used for the humidification
step, in this instance comprislng the supernatant. The

chemical analysis of the leachate and/or that of the
supernatant or even the comparison of the chemical anal-ysis of
the l-eachate with that of the supernatant allows toprovide an

indication on the methanogenic potential of a substrate
vol-ume.
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For example, the step of chemical-1y analyzi-ng the
j-ncludes a measurement of the Chemical- Oxygen Demand

the piplng 22 at the output of the percolator. The

parameter used for example for measuring the organic
sol-id or J-iquid substrate, expressed as the quantity
required for oxidi zing the organic matter of said
liquid substrate.

Once the humidification step finished, it is provided an

aerobic fermentatlon step 181 in the percolator 20, thus

allowing a first phase of composting the volume of substrates.

Preferably, the aerobic fermentation is implemented according
to the result of the chemical analysis step; for example

according to the difference between a threshol-d value and the
absol-ute val-ue of the difference between a reference value and

30
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the value of the result 	of the chemical 	analysis 	step 	170 	of 

the leachate. 

The 	aerobic 	fermentation 	is 	implemented 	by 	stopping 	the 

humidification 	of 	the 	percolator. 	For 	example 	thanks 	to 	a 

5 stopping device such as a controlled valve or pump arranged on 

the 	piping 	connecting 	the 	output 	of 	the 	digester, 	in 	this 

instance on the piping 41 connecting the outlet of the aired 

tank with 	the 	inlet 	of 	the 	percolator. 	Aerobic 	fermentation 

allows to eliminate the pathogenic germs of the substrates in 

10 the percolatorand produce a non-mature compost. 

The level of maturity of the compost corresponds to the level 

of 	stability 	of 	its 	organic matter, 	it 	is 	hence 	function 	at 

the 	same 	time 	of 	the 	type 	of 	composted 	substrate 	and 	the 

applied 	method. 	The 	level 	of 	maturity 	may 	be 	expressed 	by 

15 different 	indicators, 	the 	most 	common 	one 	being 	the 

Rottergrad, 	graded from I to V, 	a fresh or non-mature compost 

corresponding to a Rottergrad II to III, 	described for example 

in the following URL 

http://wiki.laboratoirelca.com/index.php/testde  maturit%C3%A9 

20 . 	According to compost uses, 	different levels of maturity may 

be sought. 

It is indistinctly meant a mature compost. 

Furthermore, 	in 	order 	to 	increase 	the 	fermentation 	speed, 	it 

is provided a step of mechanical airing the percolator 20. 	For 

25 example 	it 	is 	provided 	at 	leastone 	ventilator 	(not 

illustrated). 	The 	ventilation 	further 	allows 	to 	eliminate 

possible traces of methane or hydrogen disulfide. 

As 	the 	substrates 	have 	been 	left 	as 	is, 	without 	mechanical 

grinding or shaking, 	there are aerobic pockets naturally which 

30 facilitate 	the 	flow 	of 	air 	within 	the 	massand 	the 	aerobic 

fermentation. 

the value of the result of
the l-eachate.

The aerobic fermentation

13

the chemical analysis step 170 of

is implemented by stopping the
humidification of the percoJ-ator. For example thanks to a

stopping device such as a control-l-ed valve or pump arranged on

the piping connecting the output of the digester, in this
instance on the piping 4I connecting the outl-et of the aired
tank with the inlet of the percolator. Aerobic fermentation
al-Iows to el-iminate the pathogenic germs of the substrates in
the percol-atorand produce a non-mature compost.

The level of maturity of the compost corresponds to the l-evel-

of stabltity of its organic matter, it is hence function at
the same time of the type of composted substrate and the
applied method. The l-evel- of maturity may be expressed by

different indj-cators, the most common one being the
Rottergrad, graded from I to V, a fresh or non-mature compost

corresponding to a Rottergrad II to III, described for example

in the fol-l-owing URL

http : / /wiki . l-aboratoirelc a. com/ index. php/test_de_maturit%C3%49

. According to compost uses, different l-evel-s of maturity may

be sought.

It is indistinctJ-y meant a mature compost.

Furthermore, in order to increase the fermentation speed, it
is provided a step of mechanical- airing the percoJ-ator 20. For

example it is provided at leastone ventil-ator (not

illustrated) . The ventilation further allows to eliminate
possible traces of methane or hydrogen disul-fide.

As the substrates have been left as is, without mechanical
grinding or shaking, there are aerobic pockets naturally which

facilitate the fl-ow of air within the massand the aerobic
fermentatlon.
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Considering that 	the 	aerobic 	fermentation occurs 	in 	the 	same 

enclosure 	as 	the 	humidification 	step, 	the 	handling 	of 	the 

solid 	organic 	substrates 	is 	reduced 	in 	this 	instance 	to 

nothing as it is not necessary to stir a volume of substrates 

5 during the percolation-digestion-reinjection cycle, 	nor during 

the 	aerobic 	fermentation, 	or 	between 	these 	two 	steps, 	which 

particularly allows 	to 	save time. 	Furthermore, 	the absence of 

mechanical action improves the quality of the produced compost 

and allows in this instance to produce a high quality compost. 

10 In 	fact, 	the 	unwanted 	inert 	contaminants 	such 	as 	plastics, 

glass, 	potentially initially present in the treated substrates 

are 	more 	easily 	and 	effectively 	eliminated 	by 	the 	sorting 

tools, 	posterior to the biological treatment as they have not 

been 	fragmented. 	This 	allows 	to 	attain 	in the 	final 	composts 

15 very 	low 	levels 	of 	unwanted 	inerts, 	such 	as 	required 	by 

regulation 	(for example, 	for French regulations, 	theregulatory 

standardNFU 	44 051, 	about 	whichcan 	be 	found 	elements 	on 	the 

limit values for inerts and impurities at the following URL 

http://wiki.laboratoirelca.com/index.php/NF  U 44-051). 

20 Once the aerobic fermentation step is considered finished, 	for 

example 	when 	it 	is 	considered 	that 	the 	organic 	matter 

extractable 	from the volume of 	substrates of one at 	least of 

thepercolators 	is 	exhausted, 	the 	percolation-digestion- 

reinjection 	cycle 	is 	stopped, 	and 	then 	a 	second 	phase 	of 

25 composting the volume of substrates starts, 	ensured by aerobic 

maturation 182. 

The purpose of aerobic maturation or aerobic stabilization 182 

is 	to 	stabilize 	the 	remaining 	organic 	matter 	to 	allow 	its 

later agronomical upgrade in the form of compost. 

30 It may be provided a step for measuring the temperature of the 

substrate 	in 	a 	percolator. 	Beyond 	a 	threshold 	temperature 

value, 	and/or 	beyond 	a 	threshold 	time 	value, 	it 	may 	be 

5
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Considering that the aerobic fermentation occurs in the same

enclosure as the humidification step, the handling of the

solid organic substrates is reduced in this instance to
nothing as it is not necessary to stir a vol-ume of substrates
during the percolation-digestion-reinjection cycle, nor during
the aerobic fermentation, or between these two steps, whj-ch

particul-arly all-ows to save time. Furthermore, the absence of
mechanical action improves the qual-ity of the produced compost

and al-Iows in thls instance to produce a high qual-ity compost.

In fact, the unwanted inert contaminants such as plastics,
glass, potentially initialJ-y present in the treated substrates
are more easily and effectively el-iminated by the sorting
too1s, posterior to the biological treatment as they have not

been f ragmented. This al-l-ows to attain j-n the f inal composts

very l-ow level-s of unwanted inerts, such as required by

regulation (for example, for French regulations, theregulatory
standardNFU 44 051, about whichcan be found efements on the

l-imit val-ues for inerts and impurities at the fol-lowing URL

http z / /wiki. laboratoirelca. com/index. php/NF U 44-05I) .

Once the aerobic fermentation step is considered finished, for
example when it is considered that the organic matter
extractabl-e from the vol-ume of substrates of one at l-east of
thepercol-ators is exhausted, the percoJ-ation-digestion-
reinj ect j-on cycJ-e is stopped, and then a second phase of
composting the volume of substrates starts, ensured by aerobic
maturati-on IB2.
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The purpose of aerobic maturatj-on or aerobic stabil-ization
is to stabifize the remaining organic matter to allow
later agronomical upgrade in the form of compost.

IB2

its

It may be provided a step for measuring the temperature of the

substrate 1n a percolator. Beyond a threshold temperature

value, and/or beyond a threshol-d time value, it may be

30
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considered 	the 	step 	of 	aerobic 	fermentation 	as 	finished 	and 

implement the aerobic maturation step 182. 

For 	example, 	the 	progress 	in 	time 	of 	the 	temperature 	of 	the 

substrates in a percolator passes by a maximum value, 	usually 

5 7000. 	Preferably, 	the 	aerobic 	maturation 	step 	182is 

implemented 	once 	the 	maximum 	temperature 	value 	has 	been 

reached. 

For the aerobic maturation 182, 	the volume of solid substrates 

10 does not need to remain in the percolator 20. 	The fermented 

10 substrate 	volume 	is 	then 	advantageously 	removed 	from 	the 

percolator 	20 	and moved 	(symbolized by the 	full 	arrow 	fig.2) 

to 	another 	aerobic 	location, 	in 	this 	instance 	an 	aerobic 

storage 	device 	such 	as 	an 	open-air 	windrow 	on 	a 	concrete 

surface 	50, 	in 	order 	to 	obtain 	a 	stabilized compost, 	whereof 

15 the rate of humidity is 	lower than a maximum threshold value 

and/or higher than a minimum threshold value. 	Advantageously, 

the 	useful 	volume 	of 	the 	windrow 	is 	higher 	than 	that 	of 	a 

percolator, 	thus 	a 	windrow 	may 	accumulate 	volumes 	of 

substrates 	from 	a 	plurality 	of 	percolators. 	The 	use 	of 

20 undisturbed air in a windrow also avoids necessarily having a 

structure 	(hence costs) 	for injecting air or oxygen. 

It may be provided a system for collecting potential leachates 

from 	the 	windrowwhich 	constitute 	a 	portion 	of 	the 

aforementioned "process" water, 	and their discharge towards 	a 

25 percolator or towards the digester. 

The 	aerobic 	maturation 	phase 	182 	allows 	to 	completely 

stabilize the 	organic matter 	for a 	subsequent 	upgrade 	in the 

form of compost. 	The volume of substrates hence remains for a 

determined 	period 	in 	this 	aerobic 	location 	50. 	This 	aerobic 

30 maturation 	phase 	allows 	to 	obtain 	a 	stabilized 	compost, 

compatible with its 	agronomic upgrade, 	in particular, 	when it 

5

15

considered the step of aerobic fermentation as finished and

i-mplement the aerobic maturation step IB2.

For exampJ-e, the progress in time of the temperature of the

substrates in a percolator passes by a maximum val-ue, usualJ-y

70'C. Preferably, the aerobic maturation step 182is

implemented once the maximum temperature value has been

reached.

For the aerobj-c maturation IB2, the volume of sol-id substrates
10 does not need to remain in the percolator 20. The fermented

substrate volume is then advantageously removed from the
percoÌator 20 and moved (symbolized by the full- arro\^I fig.2)
to another aerobic location, in this instance an aerobic

storage device such as an open-air windrow on a concrete

surface 50, in order to obtain a stabilized compost, whereof

the rate of humidity is l-ower than a maximum threshold value

and/or higher than a minimum threshold val-ue. Advantageously,

the useful vo.l-ume of the windrow is higher than that of a

percolator, thus a windrow may accumul-ate volumes of
substrates f rom a pJ-ural-ity of percolators. The use of
undisturbed air in a windrow al-so avoids necessarily having a

structure (hence costs) for injecting air or oxygen.

10

15

20

It may be provided a system for collecting potentj-aI
from the windrowwhich constitute a portion
aforementioned "process" water, and their discharge
percolator or towards the digester.

leachates
of the

towards a

25

The aerobic maturation phase IB2 al-l-ows to completely

stabilj-ze the organic matter for a subsequent upgrade in the

form of compost. The volume of substrates hence remains for a

determined period in this aerobic locatíon 50. This aerobic

maturation phase al-lows to obtain a stabilized compost,

compatlble with its agronomic upgrade, in particular, when it
30
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is paired with a separation step 190 allowing to separate the 

organic elements from the inorganic elements. 

Composting 180 the substrates is carried out in two phases: an 

aerobic fermentation phase 181 and an aerobic maturation phase 

5 182. 

The percolator 	20 	liberated 	from its 	volume 	of 	substrates 	10 

may be filled with a new volume of fresh substrates for anew 

percolation-digestion-reinjection cycle. 

Generally, 	a volume 	of 	substrates 	10 	remains 	in 	a percolator 

10 20 	for 	a 	determined 	period 	for 	a 	percolation-digestion- 

reinjection 	cycle, 	usually 	a 	few 	days. 	The 	volume 	of 

substrates 10 then undergoes an aerobic fermentation phase 181 

in a percolator for a determined period, 	usually a few weeks. 

The volume of substrates 	is then removed from the percolator 

15 20 and placed in another location 50 in aerobic maturation 182 

for a determined period, usually a few months. 

In 	some 	cases, 	one 	at 	least 	of 	the 	volume 	of 	substrates 

further comprises inorganic elements, which are not upgradable 

in biogas form or compost form. 

20 It 	is 	further 	provided 	a 	separation 	step 	190, 	subsequent 	to 

the 	second 	composting 	phase, 	for 	separating 	the 	organic 

elements from the inorganic elements. 	To this end, 	separation 

means 	(not 	illustrated) 	are 	used 	for 	example 	granulometric 

separation 	means, 	aeraulicmeans, 	optical 	means, 	density 

25 separation means and more. 

Advantageously, 	thanks 	to 	a 	downstream 	separation, 	the 

substrates are neither ground, 	mixed nor screened upstream of 

the 	treatment 	stream, 	thus 	allowing 	a 	much 	easier 	and 	less 

costly 	disposal 	of 	the 	unwanted 	inorganic 	elements, 	thus 

30 particularly 	allowing 	to 	avoid 	the 	presence 	of 	inerts 	(for 

example glass) 	in the compost. 	The separation on a downstream 

5
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is paired with a separation step 190 al-lowj-ng to separate the
organic elements from the inorganic efements.

Composting 180 the sulostrates is carried out in two phases: an

aerobic fermentation phase 181 and an aerobic maturation phase

TB2.

The percolator 20 l-iberated f rom

may be fil-led with a new volume

percolation-di gest ion- reinj ectì-on

its volume of substrates 10

of fresh
cycle.

substrates for anev/

10
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Generally, a vol-ume of substrates 10 remains in a percolator
20 for a determined period for a percolation-digestion-
rein j ection cycJ-e, usually a f ew days . The vol-ume of
substrates 10 then undergoes an aerobic fermentation phase 181

in a percolator for a determined period, usually a few weeks.

The vol-ume of substrates is then removed from the percoJ-ator

20 and placed in another location 50 in aerobic maturation IB2

for a determined period, usually a few months.

In some cases, one at l-east of the volume

further comprises inorganic elements, which are

in biogas form or compost form.

of
not

substrates
upgradable

It is further provided a separation step L90, subsequent to
the second composting phase, for separating the organic
el-ements from the inorganic efements. To this end, separation
means (not ill-ustrated) are used for example granuÌometric
separation means, aeraulicmeans, optical means, density
separation means and more.

Advantageously, thanks to a downstream separation, the
substrates are neither ground, mixed nor screened upstream of
the treatment stream, thus allowing a much easier and l-ess

costly disposal of the unwanted inorganic elements, thus
particularly allowing to avoid the presence of inerts (for
example glass) in the compost. The separation on a downstream

30
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compost 	drier 	than 	the 	fresh 	substrates 	implies 	a 	very 

important 	reduction 	of 	cost 	of 	the 	separation 	step, 

particularly 	as 	the 	mass 	to 	be 	treated 	is 	significantly 

reduced 	and 	that 	the 	viscosity 	is 	lesser, 	hence 	the 

performance 	of 	the 	separation 	equipment 	increases 

significantly. 

Furthermore, 	it 	is 	worth noting that 	the 	separation step 	190 

implies 	supplying 	energy 	to 	the mechanical 	separation means. 

However, 	at 	this 	stage, 	the 	organic 	substrates 	have 	been 

partially upgraded in liquid form thanks to the digester. 	The 

methane 	production 	of 	the 	latter 	may 	hence 	advantageously 

allow to supply energy to said mechanical separation means. 

The 	separation 	step 	190 	also 	allows 	to 	obtain 	an 	inorganic 

matterof better quality since it is 	free from organic matter. 

The 	inorganic 	matter 	may 	be 	upgraded 	for 	example 	as 	Solid 

Recovered 	Fuel 	(SRF), 	or 	for 	differentrecycling 	or 	storage 

usages. 

Thanks 	to 	the 	invention, 	solid 	substrates 	are 	left 	to 	rest: 

they are not moved as 	long as 	they are 	in a percolator, 	and 

may not 	be moved 	either 	during 	the 	aerobic maturation 	step, 

thus 	allowing to 	obtain a high quality compost without 	inert 

shards. 

Thanks to the invention, 	the humidification step may last for 

a maximum of three weeks and the aerobic fermentation step may 

lastfor 	a 	maximum 	of 	six 	weeks. 	As 	a 	result, 	a 	volume 	of 

substrates 	remains 	in 	the 	percolator 	for 	a 	maximum 	of 	two 

months. 

This 	very 	rapid 	treatment 	in 	less 	than 	two 	months 	has 	the 

following advantages: 

- 	to 	be 	able 	to 	increasethe 	production 	of 	a 	treatment 

site, 

5
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compost drier than the fresh substrates implies a very
important reducti-on of cost of the separation step,
particularly as the mass to be treated j-s significantly
reduced and that the viscosity is l-esser, hence the
performance of the separation equipment increases
significantly.

Furthermore, it is worth noting that the separation step 190

implies suppJ-ying energy to the mechanicaf separation means.

However, ât this stage, the organic substrates have been

partialJ-y upgraded in liquid form thanks to the digester. The

methane production of the latter may hence advantageousÌy

allow to supply energy to said mechanical- separation means.

The separation step 190 al-so al-l-ows to obtain an inorganic
matterof better quality since it is free from organic matter.
The inorganj-c matter may be upgraded for example as Solid
Recovered Fuel- (SRF) , or for differentrecycling or storage
usages.

Thanks to the invention, sol-id substrates are l-eft to rest:
they are not moved as J-ong as they are in a percolator, and

may not be moved either during the aerobic maturation step,
thus allowing to obtain a high quality compost without inert
shards.

Thanks to the inventj-on, the humidification step may last for
a maxj-mum of three weeks and the aerobic fermentation step may

l-astf or a maximum of six weeks . As a resuJ-t, a vol-ume of
substrates remains in the percolator for a maximum of two

months.

This very rapid treatment in less than two months has the
following advantages:

to be able to increasethe production of a treatment
s ite,
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- 	to 	reduce 	the 	surface 	required 	for 	storing the 	fresh 

substrates, and 

- 	to 	further 	allow 	the 	production 	of 	a 	high 

compost. 

quality 

5 	Advantageously, 	the 	method 	may 	be 	free 	from 	any thermal 

treatment of the leachate, 	thus particularly allowing to save 

cost and room. 

It is 	worth 	noting 	that 	the 	substrates 	remain 	solid in 	the 

percolator 	for 	the 	humidification 	just 	as 	for 	the aerobic 

10 	fermentation, they are not stodgy and cannot be pumped. 

15 

20 

25 

30 

5
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to reduce the surface required for storing the fresh
substrates, and

to further allow the production of a hiqh quality
compost.

thermal
to save

in the
aerobic

Advantageously, the method may be free from any

treatment of the l-eachate, thus particularly alJ-owing

cost and room.

It is worth noting that the substrates remain solid
percolator for the humidification just as for the

10 fermentation, they are not st.odgy and cannot be pumped.
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CLAIMS 

5 1.A method for upgrading biomass or substrates at least partly 

organic and at least partly solid, 	comprising steps consisting 

in: 

A. introducing 	(110) 	a 	plurality 	of 	volumes 	of 	fresh 

substrates 	(10) 	into 	a 	plurality 	of 	respective 

10 

15 

percolators 	(20), 

B. humidifying 	(120) 	the 	volume 	of 	substrates 	of 	at 	least 

one 	percolator 	(20), 	in 	order 	to 	ensure 	a 	hydrolysis 	of 

at least one portion of the organic constituents of said 

volume, 

C. injecting 	(140) 	the leachate from at least one humidified 

volume 	of 	substrates 	into 	an 	anaerobic 	digester 	(30)for 

producing biogas, 

D. sending 	one 	portion 	at 	least 	of 	the 	liquid 	from 	the 

digester back into at least onepercolator for step B, 	and 

20 E. repeating steps B to D for a determined period, 

characterized in that 

for 	step 	C, 	all 	the 	leachate 	from 	said 	humidified 	volume 	of 

substrates 	is 	injected 	directly 	into 	the 	anaerobic 	digester 

25 

(30), 

and 	in 	that 	beyond 	a 	threshold 	time 	value, 	for 	a 	volume 	of 

substrates 	of 	one 	at 	least 	of 	said 	percolators, 	the 	method 

further comprises steps consisting in: 

F. a 	step 	of 	aerobic 	fermentation 	(181) 	consisting 	in 

performing 	a 	first 	phase 	of 	composting 	said 	volume 	of 

30 substrates 	in 	said 	percolator 	by 	aerobic 	fermentation 

5 1.4 method for
organic and at
in:

t9

CI,ATMS

upgrading biomass or substrates at l-east partly
l-east partly solid, comprising steps consisting
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A. introducing (110) a pJ-ural-ity of vol-umes of fresh
substrates (10) into a plural-ity of respective
percolators (20),

B. humidifying (I20) the volume of substrates of at l-east

one percolator (20) , in order to ensure a hydrolysis of
at least one portion of the organic constituents of said
volume,

C. injecting (1-40) the leachate from at l-east one humidified
vol-ume of substrates into an anaerobic digester (30) for
producing biogas,

D. sending one portion at l-east of the liquid from the

digester back into at feast onepercol-ator for step B, and

E. repeating steps B to D for a determined period,

characterized in that

f or step C, al-1 the l-eachate f rom said humj-dif ied vol-ume of
substrates is injected directly into the anaerobic digester
(30),

and in that beyond a threshold time

substrates of one at l-east of said
further comprises steps consisting in:

value, for a volume of
percolators, the method

F a step of aerobic fermentation (181) consisting in
performing a first phase of composting said volume of
substrates in said percolator by aerobic fermentatj-on30
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(181), 	by 	stopping 	the 	humidification 	thereof 	and 	by 

airing said percolator, and 

G. a 	step 	of 	aerobic 	maturation 	(182) 	consisting 	in 

performing 	a 	second phase 	of 	composting 	said volume 	of 

5 substrates by aerobic maturation 	(182), 	by removing said 

fermented volume 	of 	substrates 	from said percolator 	(20) 

and 	by 	positioning 	said 	volume 	in 	an 	aerobic 	storage 

device 	(50) 	in 	order 	to 	obtain 	a 	stabilized 	compost, 

whereof 	the 	humidity 	rate 	is 	lower 	than 	a 	maximum 

10 threshold 	value 	and/or 	higher 	than 	a 	minimum 	threshold 

value. 

2. 	The method according to claim 1, 	further comprising steps 

consisting in: 

H. extracting 	(150) 	all or a portion of the liquid from the 

15 digester, and 

I. oxygenating 	(160) 	all 	or 	a 	portion 	of 	the 	extracted 

liquid before sending it into at least one percolator for 

the step B. 

20 3. The method according 	to 	any one 	of 	the 	preceding 	claims, 

further comprising a step consisting in mixing the leachate in 

the 	anaerobic 	digester 	with 	other 	liquid 	or 	stodgy 	organic 

substrates from other sources with a methanogenic potential. 

4. The method according to any one of the preceding claims, 	in 

25 which 	one 	at 	least 	of 	the 	volumes 	of 	fresh 	substrates 

comprises inorganic elements, 	the method further comprising a 

stepsubsequent 	to 	the 	second 	composting 	phase 	(182), 	for 

separating 	(190) 	the 	organic 	elements 	from 	the 	inorganic 

elements. 

30 5. The method 	according 	to 	any 	one 	of 	the 	preceding 	claims, 

comprising 	a 	step 	consisting 	in 	introducing 	a 	new 	volume 	of 

fresh 	substrates 	into 	the 	percolator 	(20) 	whereof 	the 	volume 

20

(181-), by stopping the humidification thereof and by

airing said percolator, and

a step of aerobic maturation (LB2) consisting in
perf ormi-ng a second phase of composting said vol-ume of
substrates by aerobic maturation (LB2), by removing said
fermented volume of substrates from said percolator (20)

and by positionJ-ng said vol-ume in an aerobic storage
device (50) in order to obtain a stabil-ized compost,

whereof the humidity rate is lower than a maximum

threshold vafue and/or higher than a minimum threshold
val-ue.

2. The method according to cl-aim 1-, further comprising steps
consisting in:

tr
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H. extracting (150) all or
digester, and

I . oxygenati-ng (160 ) all-
liquid before sending it
the step B.

a portion of the liquid from the

ora
into

of
one

portion
at least

the extracted
percolator for

3. The method according to any one of the preceding claims,
further comprising a step consisting in mixing the leachate in
the anaerobic digester with other J-iquid or stodgy organic
substrates from other sources with a methanogenic potential.

4. The method according to any one of the preceding cl-aims, in
which one at l-east of the volumes of fresh substrates
comprises inorganic el-ements, the method further comprising a

stepsubsequent to the second composting phase (LB2), for
separating ( 190 ) the organic el-ements from the inorganic
elements.

5. The method according to any one of the preceding cJ-aims,

comprising a step consisting in introducing a new vol-ume of
fresh substrates into the percolator (20) whereof the vofume

30



21 

of substrates has been removed for the aerobic maturation step 

(182). 

6. The 	method 	according 	to 	any 	one 	of 	the 	preceding 	claims, 

comprising 	a 	step 	(100) 	prior 	to 	the 	introduction 	step 	and 

5 consisting 	in 	making 	the 	organic 	matter 	accessible 	to 	the 

liquid used for the humidification step. 

7. The method according to any one of the preceding claims, 

further 	comprising 	a 	step 	(130) 	of 	detecting 	methane 	and/or 

hydrogen 	sulphide 	in 	a 	percolator 	(20), 	possibly paired with 

10 the step of airing said percolator during the first composting 

phase. 

8. The 	method according 	to 	any 	one 	of 	the 	preceding 	claims, 

further 	comprising 	a 	step 	(170) 	of 	chemically 	analyzing 	the 

leachate and/or the liquid used for the humidification step. 

15 9. The 	method 	according 	to 	claim 	8, 	in 	which 	the 	aerobic 

fermentation step 	(181) 	is linked to the analysis step 	(170). 

20 

10. The method according to any one 	of the preceding claims, 

further comprising a step of measuring the temperature of the 

substrates in a percolator 	(20), 

the 	step 	of 	aerobic 	maturation 	(182) 	being 	linked 	to 	the 

results of the temperature measuring step at least during the 

aerobic fermentation step 	(181). 

5
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of substrates has been removed for the aerobic maturation step
(rB2) .

6. The method according to any one of the preceding cJ-aims,

comprlsing a step (100) prior to the introduction step and

consisting in making the organic matter accessible to the
liquid used for the humidification step.

7. The method according to any one of the preceding claims,
further comprising a step (130) of detecting methane and/ot
hydrogen sulphide in a percoJ-ator (20), possibly paired with
the step of airing said percolator during the first composting
phase.

8. The method according to any one of the preceding claims,
further comprisj-ng a step (170) of chemically analyzíng the
Ieachate and/or the liquid used for the humidification step.

9. The method according to claim 8, in which the aerobic
fermentation step (181) is l-inked to the analysis step (170).

10. The method according to any one of the preceding claims,
further comprising a step of measuring the temperature of the
substrates in a percolator (20) ,

the step of aerobic maturation (1'82) being linked to the
results of the temperature measuring step at l-east during the
aerobic fermentation step (181).

L0

L5

20


