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THIS INVENTION relates to the treatment of water. More
particularly, the invention rslates to the treatment of
wasts water. Still more particularly, the invention
relates o a vrocess Zfor trezting sulphate- and metal-
containing waste water ’

Acccrding to the inventiocn, there is prcvided a process for
treating sulphate- and metal-containing waste water, which
process includes

subtecting, in a reacticzn stags, the sulphate- and
metal-containin waste water to Dbiological sulphate
reduction in which sulrhates 1in the waste water are
converted to sulphides, with metals present in the waste
water precipitating out and treatedi waste water beinz
obtained;

withdrawing the precipitated metals from the reaction
stage;

withdrawing treated waste water from the reaction
stage; and

subjecting the treated waste water to polishing and/or

—

to nutrient removal.
The sulphate- and metal-containing waste water may be mine
effluent or waste water containing dissolved heavy metal
cations, such as ferrous caticns, and dissolved sulphate
anicns. Instead, however, the waste water can be any other
dissolved sulphate- and metal-containing waste water.

These was-e waters are also normally acidic.

ASWRCZ CSEILSR '3 Celopwr 19€9
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The process may include adding —etabolizable carbon to the
sulphate- and metal-containing waste water in and/or before
the reaction stage, for metabzlization by the organisms
involved in the biological sulphate reduction. The

metabolizable carbon source may comprise an organic carbon

source which exhibits a hicz chemical oxygen demand
("COD"), and may be water having organic material
dissolved, suspended and/or <carried therein. In one

embodiment of the invention, thes water may be an effluent
or waste product. The effluent or waste product may be
sewage, such as primary sewags sludge and/or secondary
sewage sludge; settled sewage; settled sewage solids;

tannery . waste water; brewery

waste water; starch
manufacture waste water; winery waste water; and/or paper

pulp waste water. In another embodiment of the invention,

; 3 PR S PR Pt B :
the water may have the organic Source SsSUusSpended tTiaerelin,
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in the reaction stage.

The reaction stage may, 1in particular, comprise ~an
accelerated hydrolysis reactor, with the sulphate- and
metal-containing waste water entering the reactor at or
near an inlet end thereof and the treated waste water being
withdrawn at or near an outlet end thereof. As the sulphate-

and metal-containing waste water, containing the
metabolizable carbon source admixed therewith, flows along
the reactor from its inlet end towards its outlet end,
metal precipitation takes place near the inlet end of the
reactor, with hydrolysis of the solids component thereof
into non-digestible or refractory COD material, hereinafter
also referred to as 'RefCOD material’; slowly biodegradable
COD material, hereinafter also referred to as 'SBCOD
material’, and readily biodegradable COD material,
héreinafter also referred to as 'RBCOD material’, also

taking place in the reactor, mainly downstream of the metal

AWRC2. CS\EILEI 12 Qctober 1399
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precipitation. At least some o©of the RefCOD and SBCOD
material has a larger particle size than the RBCOD
material, which has z particle size which is typically of
the crder of about C,Ilum cr smallsr. Typically, the RefCOD
and SBCOD materials have particls sizes in the range 50 to
1000 microns. At least some cf the RefC0D and SBCOD

material thus settles to the bot:zom of the reactor as the
waste water passes along the reactor, while at least some
of the RBCOD material is withdrawn from the reactor with
the treated waste water. Typically, substantially all of
the RefCOD and SBCOD material settles, while substantially

all of the RBCOD material is withdrawn with the treated

waste water.

The accelerated hydrolysis reactor may thus comprise

precipitation section at or near its inlet end and

subseguent hydrolysis section. The reactor may include, at
or in a bottocm c¢xr base thereof and in the _srscipicaz! ..
section, at least one primary valley or trough in which the
precipitated metals collect, and, at or in a bottom or base
thereof and in the hydrolysis section, at Izas: cne
secondary valley or trough. The primary and secondary
troughs or valleys thus extend transversely to the
direction of water f£low through the reactor. A plurality,

eg three, of the primary troughs or valleys, located
adjacent one another, may be provided. Likewise, a
plurality of the secondary troughs or valleys, located

adjacent one another, may be provided.

Thus, the precipitated metals which collect in the primary
valleys or troughs will be withdrawn, eg by means of pumps,

in the form of a slurry.

The settled material in the secondary troughs or valleys
can be recycled to the reactor, preferably with shearing

thereof, eg by means of a high shear pump. In this

AWRCZ.CSIEILSS ! 2 Cctoper 1999
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fashion, 1in addition to the hvirolysis, fractionation of

the R=2fCOD and 52CCD material, inzo RBCOD material, occurs.

nydrclysis reactor may comprise
secondary valleys. The settled material from
ch of the secondary valleys mav be recycled to the inlet
end of the reactocr. Instead, hcwever, the settled material
£ the second and third secondary valleys can be recycled
the reactor downstream of its inlet end, eg to above the

O
econd and third secondary valleys respectively.

The process may include removing sulphides from the
accelerated hvdrolysis reactor. At least some of the
sulphides which <form during the bioclogical sulphate
reduction are in the form of gaseous hydrogen sulphide
which collects in a head space of the reactor. The removal
of the hydrogen sulphide may then include purging this head

ce with an inert gas, such as nitrogen, and withdrawing
a ccmwbined hydregen sulphids/inert gas stream from the
rsactor head space. Hydrogen sulphide can then be
recovered from this gasecus stream. The recovered hydrogen
sulphide can then typically be used as the sulphide
required for precipitation of metals from the raw waste
water. Instead, if desired, the gas stream can be
subjected to sulphide oxidation, thereby to obtain sulphur
as a product.

While the waste water from the accelerated hydrolysis
reactor, and which contains the RBCOD material, can pass
directly to a polishing stage in which the polishing and/or
nutrient removal is effected, it may instead pass through
a further reacto where it 1is subjected to further
biological sulphate reduction, ie further biological
conversion of sulphates to sulphides. Further settling of
solid material can also take place in this reactor. This
reactor may also be subjected toc hydrogen sulphide removal,

eg by means ©f a nitrogen or other inert gas purge, as

A WRC2 CS'EILES 12 October 1293
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hereinbeicre described £for ths accelerated hvdrolysi
reacticn Trha Zfurxther reacticr way comprise a baffle
reactor, a UAS3 reszctor, an expanced bed granular reactor,
a stirred reactor, or ths lixs

The waste watexr Irom the furcthzr reactecr can then, if
desired, pass through an elcongatsd trench reactor, before
passing to the polishing stage. It will be appreciated
that the waste water <£from the accelerated hydrolysis
f passing to the further reactor as
d, pass <directly to the trench
reactor. In the trench reactor, any residual settleable
material can settle out, and biclogical sulphate reduction

can be effected therein, if necessary.

a
a width of 10-30m, and a length of up to one or more

e R - - d 1o e s e e i Ziam mmem e —~— - —~

Tl T¥ollle J2RCI0Y, S=ii23 allng The Trench rsaczol, and is
withdrawn at 1ts other end. A series of pumps may be
K Y

associated with the trench, with the pumps being spaced
apart along its length. Each pump may be arranged- to
recycle waste water and sediment from the bottom of the
trench reactor in an upstream direction relative to the
flow of waste water along the reactor. This will keep the
bacterial population in the reactor in continuous movement.
Thus, each pump is associated with a flow line along which
it pumps waste water and sediment, the flow line having an
inlet from the trench reactor and an outlet which is
upstream of the inlet. \11 the outlets may be located in
proximity to the waste water inlet end of the trench
reactor. The trench reactor may thus be as described in
ZA 97/4155, which is hence incorporated herein Dby
reference, or a modificaticn therecof. For example, when
the trench reactor is in accordance with that described in
ZA 97/4155, ie having a membrane extending along its length

and acrcss its width at a level below the tops cf its side

ACWRC2 CS.EILSS 12 Sctoper 1989
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walls, the membrane dividing thes trench into a lower
sulphate reduction chamber below the membrane and in which
the flow line inlets are located, znd an upper waste water
polishing chamber above the membrane, with the chambers
being in hydraulic ccmmunication zlong the length of the
trench at opposite side edges of the membrane, the
polishing stage may thus be provided by the upper chamber
above the membrane.

However, 1in a modification of the trench reactor of
ZA 97/4165, the process may include feeding sulphaﬁe-
containing waste water through at least one diffuser
located at or near the bottom of the reactor, thereby to
keep the sediment in the bottom of reactor in a stage of
expénsion. The sulphate-containing waste water may be a

e wa

n
Ih
¢
n

lipstream of ze water which enters the accelerated

hydrolysis reactor.

)

The polishing stags may ccm

- a
P

i

b= i rITE =2
peN ibimis QLT [P

¥
€

Instead any other apparatus suitable for polishing, ie
removal of residual COD and other components, and/or

‘nutrient removal, ie removal of nitrates and phosphates,

can be used.

The process may include passing the waste water from the
polishing stage to a harvesting stage in which the biomass
in the waste water is harvested.

The process may include, if desired, subjecting at least a
portion of the sulphate- and metal-containing waste water
to biologically derived alkalization to increase its pH,
prior to the sulphate- and metal-containing water passing
into the accelerated hydrolysis reactor. The alkalization
may be effected in a stress reactor, which may comprise a
high rate algal pond. If desired, at least a portion of
the biomass harvested in the harvesting stage may be fed

ACWRCZ CS\EILS® 12 October 1999
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into the stress reactor to provide the necessary algal

bicmass fcr alkalization to take place therein.

If desirsd, the waste water from the or the final reactor
may be subjected to settling, in a further sectling stage,

to remove <further metal sulphides whic are present
therein, with theses metal sulphides then, together with the
metal sulphides f£rom the initial settler, being subjected
to reduction to recover ferric caticns and sulphur, which
can be withdrawn as a product, and with the ferric cations
being recycled to the waste water between the or the final

reactor and the further settler.

The invention will now be described in more detail with
reference to the accompanying diagrammatic drawings, 'in

]
o i

WJ.-..\....A

FIGURE 1 shows a process according to the invention

In the drawings, reference numeral 10 generally indicates

a process for treating waste water.

The process 10 comprises an accelerated hydrolysis reactor
20, with a waste water feed line 18 leading into an inlet
end of the reactor, while a treated waste water withdrawal

line 44 leads from an outlet end of the reactor.

The hydrolysis reactor 20 comprises, at its bottom and in
a metal precipitation section adjacent it its inlet end,
three staggered primary wvalleys or troughs 120. The
primary valleys 120 extend transversely to the direction of
liquid flow through the reactor, and precipitated metal
withdrawal lines 2122 lead from their apices. A greater or

lesser number of primary valleys 120 can be provided, if

desired. The primary vallevs 120 have walls 121 which

AWRCZ.CSENSY 12 October 1598
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lvsis section downstream of the precipitatsd section
wdary valleyvs 22 which are staggersd the
Zow

o

e

ction of water flow through the reactor. ever, a
t

1

4

er or lesser numper of secondary valleys 22 can be
ided, i1f desired. A sediment withdrawal lin

ne 24 leads

22 to a high shear pump 25, with a

discharge line 28 leading from each pump 26 tc the flow

line 18. 1Instesad, howsver, the pumps 26 associated with

the secend and third valleys can have discharge lines 30,
e,

indicated in broken lin leading back into the reactor 20

above or zhead of the respective valleys.

A sewage addition line 32 leads into the waste water line
18 ahead of the reactcr 20. Instead, or additicnally, the
addition line 32 can lead directly into the reactor 20
downstream of the valleys 120, as indicated in broken line
in Figure 2. Thus, in use, sewage can be added upstream of

the reactor and/or directly to the reactor.

A nitrogen additicn line 34 leads into the top of the
reactor 20, with a gaseous stream withdrawal line 36
leading from the top of the reactor to a separation stage
38. A hydrcgen sulphide line 16 leads from the stage 38.
However, 1f desired, instead of the stage 238, a sulphide
cxidation stage 40 can be provided, with a gasecus stream
line 39 then leading from the line 36 into the stage 40,
and a sulphur withdrawal line 42 then leading from the
sulphur oxidation stage 40.

ASWRCICSWEILED 12 October 1888
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stream withdrawal line 50 leading from the resactocr 46 into

the line 35.

L waste water 1line 52 leads from the reactor 46 to an
elongate trench rsactor 54. The line 52 thus leads into
cne end of the trench 54, while a waste water line 56 leads

from the other end cf the trench 54. Along its length, the

trench 54 1is prcvided with a plurality of sludge .or
Dip

sediment withdrawal es 58, from each of which leads a
conduit §0. The conduits 60 lead into a return conduit 62
lzading into the wasts water conduit 22 upstream cf the
rzactor 51 It will be arprsciatsd that one or more of the
SUTLLLT3 80, &..0/CY TnE Conlu-ts < se prcvaisl with
- zuinzble pums

A flow line 64 leads from the flow line 18 to at least one
distributor or diffuser 66 provided in the bottom of the
rsactor 54. In use, water entering through the distributor
66 will serve to expand the sludge which collects at the

bottom of the reactor 54 and provide additional sulphate.

The line 56 leads to a high rate algal pond 68, with a line
70 leading from the pond 68 to a harvesting stage 72.. A
water withdrawal line 74 leads from the harvesting stage

72, as does a biomass withdrawal line 75.

An cptional sludge transfer line 78 leads from the bottom
0f the reactor 45, into the Zlow line 52, as does an
optional sediment transfer line 79 which leads from the

valleys 22 of the reactor 20.

ATWRCZ.CSEILS® 12 Jctober 1399
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In one embodiment of the invention, the reactors 46, 54 can
oe dispensed with. A flcw line 80 will then lead directly

Zrom the flow lins 44 to the high rate algal pond 58.

Fh

In another embodiment of the invention, the reactor 46 may

pe present; nowever, the reactor 54 can then be dispensed
with. A flow line 82 will then lead directly from the flow

line 52 to the high rate algal pond 68.

In yet another embodiment of the invention, the reactor 46
can be dispensed with. The flow lines 44, 58 will then

lead directly into the reactor 54.

The process 10 may also optionally include an alkalization
stage 102Z. When the stage 102 is present, a waste water
flow line 104 will then lead from the waste wzter line 13
to the stage 102, with a waste water return line 106

222 back to the flow line 18. The

()
[

N At e o
leading from the

in

tag
stage 102 may then comprise a stress reactor, typically a
high rate algal pond. A biomass addition line 108 may then
lead from the biomass recovery line 76 to the stage 102.

In use, acidic mine water containing dissolved sulphate

anions and ferrous cations passes along the flow line 18

into the accelerated hydrolysis reactor 20. Sewage is
added to the waste water along the line 32. The sewage
thus provides a metabolizable carbon source. In the

reactor 20, the waste water moves horizontally from one end
of the reactor to the other, while flocs of precipitated
metals settle into the valleys 120 and are withdrawn along

the lines 122. Flocs of solid matter settle into the
valleys 22. The solids comprise RefCOD material, SBCOD
material and RBCOD material. The RBCOD material is

approximately 0,1um in size, and exits the reactor 20 with

the waste water, along the line 44.

A WRCZICS\EILSY 12 Cetober 1999
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is withdrawn alcng the lines 24, passes through the high
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ere is
nvdrolysis of the solid and £floc material into RefCOD,
S3COD and RBCCD material, together with fractionaticn of
the RefCOD and SBCOD material into RBCOD material.
Additionally, sulphate reduction is effected in the reactor
20.

A nitrdgen purge enters the top of the reactor 20 along the
line 34 and purges hydrogen sulphide which collects in the
head space of the reactor 20. 1A gaseous stream comprising
nitrogen and hydrogen sulphide passes along the line 36 to
the.hydrogen sulphide recovery stage 38, with the hvdrogen
sulphide which is thus recovered passing along the line 15.

As indicated heresinbefore, the stage 38 can be omitted, if

1
M
(L
1
i)
(¢)]
5!

=

¢}
1]
(k9]
)

s strezni Zrom

h

acccry 20 will then pass along the flow line 39 into

[t}
15
(

r
b

a sulphide oxidation stage 40, with sulphur being recovered
from the stage 40 along the flow line 42.

The RBCOD-containing waste water from the stage 20 passes
along the flow line 44 into the reactor 46. Nitrogen also
enters the head space of the reactor 46 along the flow line
48, with a hydrogen sulphide/nitrogen gaseous mixture being
withdrawn from the reactor 46 along the flow line 50 which
leads into the flow line 36.

In the reactor 46, further biological reduction of
sulphates takes place. The reactor 46 also acts as a
settler for settleable material, some of which can
optionally be withdrawn £rom the Dbottom of the reactor
along the line 78 and added back to the waste water
withdrawn from the reactor 46 along the line 52. Some of
the sludge from the accelerated hydrolysis reactor 20 can

A'WRCZ CSWEILSS 12 October 1999
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z1so be fed to the trench reactor 54, zlong the flow line

The waste water passing along the line 532 contains
supbstantially no iron and no sulphates. It can, however,

The waste water from the reactor 46 passes into the trench
reactor 54 which permits any residual settleables to settle
cut 1n the bcttom of the reactor. This material 1is
withdrawn through the conduits 58, €0 and recycled along
the conduit 52. The sludge in the reactor 54 is kept in
the state cf expansion by means of sulphide-containing
waste water which enters the bottom of the reactor through

rthe distributor 65.

= —~ - ~ -1 - - = A 1
oresent in the water entering the reactor 54, can tzake
rlace in ths rzzotoxw 4.

Waste water from the trench reactor 54 passes along the
flow line 56, into the high rate algal pond 68, where final
polishing of the waste water, ie nitrate and phosphate
removal therefrom, takes place. The polished water is
withdrawn from the high rate algal pond 68 along the flow
line 70, to the harvesting stage 72. Treated waste water
is withdrawn from the harvesting stage 72 along the flow
line 74, and biomass, which can be used for aqua culture,
being withdrawn along the line 76.

When the opticnal alkalization stage 102 is provided, then
at least a portion of the waste water from the settler 12
ses, along the flow line 104, to the stage 102, with
te water, having higher alkalinity, being returned along
the line 106. Algal biomass in the stage 102, which is

required for alkalization of the waste water, is augmented

ACWWRC2.CS\EILGR 12 Dctober 1999
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b biomass from the stage 72, which is I2d into the stage
1272 zlong the line 108.
This, the products fZrom the process 13 ars sulphur, bicmass
whzch can be used for aguaculture, and trsz=ated waste water.
AcZitionally, ferric cationg can alsc be produced. cill
urthexr, the ess 10 resulits in the dispcsal of a waste

ALNRCIZ.CSEILES T2 Tetoper 1E5¢
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CLEIMS

1. A process for treating sulphate- and metal-
containing waste water, which process includes

passing sulphate- and metal-containing waste water
into an accelerated hydrolysis reactor having an inlet end
and an outlet end, with the sulphate- and metal-containing
waste water entering the reactor at or near the inlet end
thereof and flowing along the reactor from its inlet end
towards its outlet end:; ,

adding metabolizable carbon to the sulphate- and
metal-containing waste water in and/or ©before the
accelerated hydrolysis reactor, for metabolization by the
organisms involved in the biological sulphate reduction:

subjecting, in the reactor, the sulphate- and metal-
containing waste water to biclogical sulphate reducticn in
which sulphates in the waste water are converted to

mildes, with mstzls wrsszant in ths  waste WaATET

and wherein, as the sulphate- and metal-containing waste
water, containing the metabolizable carbon source admixed
therewith, flows along the reactor, hydrolysis of the
solids component thereof into non-digestible or refractory
COD material, hereinafter also referred to as ’'RefCOD
material’; slowly biodegradable COD material, hereinafter
also referred to as ’'SBCOD material’, and readily
biodegradable COD material , hereinafter also referred to
as 'RBCOD material’, also takes place in the reactor,
mainly downstream of the metal precipitation, in a
hydrolysis section, with at least some of the RefCOD and
SBCOD material having a larger particle size than the RBCOD
material, so that at least some of the RefCOD and SBCOD
material settles to the bottom of the reactor as the waste
water passes along the reactor;

withdrawing the precipitated metals from the reactor;

A*WRC2.CS\EILEQ 4 Decermnber 2001
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withdrawing treated waste water together with at least
some of the RBCOD material from the reactor, at or near the
out_st end thereof; and

subjecting the treated waste water to polishing and/or

to nutrient removal.

2. A process according to Claim 1, wherein the
sulphate- and metal-containing waste water is acidic mine
effluent or waste water containing dissolved heavy metal

cations and dissolved sulphate anions.

3. A procegss according to Claim 1, wherein the
metakolizable carbon is provided bv an effluent or waste
product comprising organic material dissolved, suspended
and/cr carried in waste water, with the effluent or waste
product being selected from sewage, settled sewage, settled
zewage sclils, tannery waste water, Dbrawery waste water,

tarch manufacture waste water, winery waste water and

—mdm el T D e
D e T e e

sta
paper pulp waste water, which &ll »rro—-il

o

organic carbon and the necessary organisms for biologicail

sulphate reduction in the reaction stage.

4. A  process according to Claim 1, wherein -the
metabolizable carbon is provided by water having fine
lignocellulosic material suspended therein, with such water
providing metabolizable organic carbon and the necessary
organisms for biologized sulphate reduction in the reaction

stage.

5. A process according to Claim 1, wherein the
reactor includes, at or in a bottom or base therecf and in
‘the precipitation section, at least one primary valley or
trough in which the precipitated metals collect, and, at or
in a bottom or base thereof and in the hydrolysis section,
at least one secondary valley or trough, and with the

primary and secondary troughs or valleys extending

ANWRC2.CS\EILSE 4 December 2001
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transversely to the direction of water flow through the

A process according to Claim 5, wherein the
precipitated metals which collect in the primary valley or

trcuch are withdrawn in the form of a slurry, while the

settled material in the secondary trough or valley is
recycled, with shearing, to the reactor, so that, in
addition to the hydrolysis, fractionation of the RefCOD and
SBCOD material, into RBCOD material, occures.

-

7. A process according to Claim €, wherein the
accelerated hydrolysis reactor includes three of the
secondary valleys, with the settled material from each cof
the secondary valleys being recycled to the inlet end of

the reactor.

8. A process according to Claim 1, which includes
removing the sulphides that are formed, from <the
acceleratecd nvcdrolysis reactor.

9. A process according to Claim 8, wherein at least

some o©of the sulphides which form during the biological
sulphate reduction are in the form of gaseous hydrogen
sulphide, which collects in a head space of the reactor,
with the removal of the hydrogen sulphide including purging
this head space with an inert gas, and withdrawing a
combined hydrogen sulphide/inert gas stream from the
reactor head space.

10. A process according to Claim 1, wherein the
treated waste water from the accelerated hydrolysis
reactor, and which contains RBCOD material, passes through
a further reactor where it 1is subjected to further
biological sulphate reduction for further biological

conversion of sulphates to sulphides, before being

AWRC2.CSEILES 4 December 2001
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subjected to the polishing and/or nutriernt removal in a
polishing stage.

11. A process according to Claim 13, wherein the
treated waste water from the further reactor passes through
an e=longated trench reactcr, Dbefore ©passing to the
polishing stage, with settling out of any residual
settleable material and further biolocical sulphate
reduction, 1f necessary, being effected in the trench

reactor.

12. A process according to Claim 12, wherein the
treated waste water enters one end of the french reactor,
passes along the trench reactor, and is withdrawn at its
other end, and with a series of pumps being associated with
-he trench reactor, the pumps being spaced apart along its
length, and each pump being arranged to recycle waste water

and sediment from the bottom of the trench reactor in an

b

R i o = 3o ae P -~ P T I e 7 - PR €y o -y -
upstream direction relztive to the IZlcw CI waste water

t

along <the trench reactor so as to keep the bacterial
population in the trench reactor in continuous movement,
with each pump being associated with a flow line along
which it pumps waste water and sediment, which flow line
has an inlet from the trench reactor and an outlet which is

upstream of the inlet.

13. A process according to Claim 12, wherein the
trench reactor has a membrane extending along its length
and across its width at a level below the tops of its side
walls, the membrane dividing the trench into a Ilower
sulphate reduction chamber below the membrane and in which
the flow line inlets are located, and an upper waste water
polishing chamber above the membrane, with the chambers
being in hydraulic communication along the length of the
trench at opposite side edces of the membrane, and with the
polishing stage being provided by the upper chamber above

the membrane.

AMWRCZ CS\EILES 4 Decemnber 2001
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14. A process according to Claim 12, which includes
feeding sulphate-containing waste water through at least
one diffuser located at or near the bottom of the trench
reactcr, thereby to keep the sediment in the bottom of

reactcr in a stage of expansion.

15. A process according to Claim 10, wherein the
polishing stage comprises a high rate algal pond.

16. A process according to Claim 10, which includes
passing the waste water from the polishing stage to a
harvesting stage in which the biomass in the waste water is

harvested.

17. A process according to Claim 16, which includes
subjecting at least a portion of the sulphate- and metal-
containing waste water to biologically derived alkalization

to increase 1its pH, prior to the sulphate- and metal-

()]

cntaining waste water passing into the accelerated

hydrolysis reactor.

18. A process according to Claim 17, wherein the
alkalization is effected in a stress reactor, with at léast
a portion of the biomass harvested in the harvesting stage
being fed into the stress reactor to provide the necessary

algal biomass for alkalization to take place therein.
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