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solar distillation

In remote, arid regions of the
warld, the lack of a safe and
reliable drinking water supply is
ene  of . the  fundamental
constraints (¢ securing  the
popufation's subsistence.  Solar
dis{iliation iz one of the fechnical
options  that can provide a
relisble supply of water to cover
basic demand.

Solar distillation comperes with
conventional fuel-operated plants
as well a5 water transports,

This competitive situation has
posed an  obstacle to  the
dissemiration of solar stills on a
broader scale to date. Quoly in

Key data on solar stills
Distillate vield: 2-3 litres/sq.miday

metre. In these scemarios, solar
stills represent an atiractive and
competitive option,

It addilion to their use in
obkaining drinking water, solar
stibs are also suitable for the
production of distilled water if
there is an appreciable demand
for it in indusiry, iaboratories,
medical facilides or to G lead-
acid storage batteries.

In a few drv and remote areas of the
globe, drinking water i1s extremely
scarce. The availabie wells supply
only braclash water which s
unpotable or contaminated. Clean
drirking water must be hauled over
long distances, resulting in high
costs  and  frequent
shortaces.
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supply

szlne  or
i sufficient

avatlability  of
brackish water
guantities

+ demand for water lower than 3
cubic metreg per day

» high fucl costs  andior

unrehiable supply

+  water Irangporn costs  higher
thatt DM 40 per cubie metre

e |ggs than 400 mm  ancual
rainfall

* pood solar radiation conditions
with no significant seasonal
fluctuations

Based on cuwrrent price levels, the
costs of solar-distilled water lie in
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Investment costs: DM 200-600
faq.m,

Capacity Rangg: up o approx.2
cubic metres/iday

water costs: approx. DM 30/cubic
metre

exceptional cases are the real
costs, much less the often
subsidised costs, of tramsporting
water higher than the costs of
supplyicg water with solar-

powered plants - which amount to -

roughty DM 5} per cubic metre.
Even conventional [uel-driven
ptants can produce water more
cheaply than solar stills at
capacities of just a few cubic
mefres per day.

The need for regular maintenance
aud  repair poses
obstacle, especially in the case of
publicly operated plants.

For these reasons, the application
of solar stills is limited to small-
scale systems that supply less
than 3 cubic metres per day,
primarily for private speratars in

Tarnbs arans swhan sradas saeond..

another

s ———

In order to improve their supply of
drinking water, the people who live
in these areas need a desalination
technology that iz simple, reliable
and cconcmical. I should be a
technology that can-be instalied and
operated by local personnel with the
appropriate tratning and it should
not lead to amy additionsl
dependencs on fossil fiels.

Solar stulls can mest these
requitements  provided  certain
prorequisites are given, Although
the utilization of solar energy does
not entail any operating costs,
solar-distifed water is more
expensive than water from large-
scale, conventignal desalination
plants due 10 the high investment
costs, The following prerequisites
are critical for the cvonomic
vighility of solar desalination and
seversly  limit the  range of
application:

» lack of (adequate) local sources
of drinking water
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the range of 4t least DM 40 per
cubic metre. The cost of water
supplied by conventicual plants

{with significantly highes

‘capacities), on the other hand,

comes to DM 5-20 per enbic metre,
Even if the benshit of more reliable
sopply is taken into accoumi, the
operation of a solar still 5 only
economical if the quantities of
water produced are not very high,

Solar desalinators are primarily
emploved for drinking water
supply. - Genmemlly  speaking,
irfigation  projects, and even
livestock-raising operations, are not
profitable enough to cover the high
costa of water production fur these
appllcatlous

Solar desalination of seawater in
coastal sites 13 also limited to
isclated cases, since is it usually
less costly to supply drinking watsr
by ships.

The ecomomics of producing
distitted water strongly depend on
the local macket conditions.
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costs exceed DM 40 per cublc i e e
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provide an independent supply of
water with a simple technology and
thus have certain advantages over
other procurement options.

Solar desalination technologies

Although many different  selar
desalination methods have been
developed and field-tssted in recent
decades, only the simple basm-tvpe
atills have actually been emploved
in practical applications en  any
aporeciable scale.

The solar still consists of a basin
that is eoatex] with 2 black lining to
absorb the solar radiation. The
basin to hold the salt water is
covered with an airtight roof madc
of glass or plastic sheat. The solar
radiagon  passes  through the
transparent cover and js absorbed
by the dask surface at the bottom,
which heais up the water in the
basin and delivers the eoergy for the
evaporation process on the water
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thus enise the officiency roushiv
tenfold.

The minimum amount of cnergy
required for the sumple evaporation
process is approximately 700 kWh
por cubie metre. Given this value,
bagin  stills  achiowe  average
efficiencies of about 30%. In other
words, at radiation of 3 kWh per
square mgtre/day, a gl will yeld

+  jong iife

= low operating and maintenance
COs0s

e high degree of efficicncy.

Basin stills can be produced with
locally  available materials  and
progessing techmigues. This lowers
the costs and simplifies the

Solar radiation
\1‘\ \\
n ‘\:\\
R\
\ \

Rainwater collector
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Class cover

TR B U
% €3 + E\'E!Eloration ;? /? %—571

07/11/2011



pg 0003

‘surface. Some loss of heat occurs at
the cover through reflection and
absorption, at the borom and sides
of the hasis through conduction and
alse through radiation,

The air inside the still is now
completely saturated with vapour.
[t is heated on the surface of the
water, where additional vapour is
produced through evaporation. The
Cwarttn, moist air then rises by
convection to the cooler cover,
causing some of the vapour fo
condense in the prodess. The
condensate runs down like a film
along the anderside of the cover and
is channeled throngh a gutter to the
fresh-water tank,

The emergy flows berween the
surface of the water and the cover
iesult from the evaporation energy
of the srill (utilization ewergy) and
the radiant heat being transported
by the moist air {loss energy). Both
forms of energy are given off at the
covel and lost as o result,
" Progressive  still  designs with
thermal  recovery features make

Page 2 of 3
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! / i ] Condensanon o
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Distiflate  Salt water Base{insuiation) Lining of basin *

collection waler

2.5 titres of distillate par squarc
metre and day.

The amount of distiilate produced is
girongly  mfluenced by the
surrcunding conditions. The higher
the ambigat temperature, the higher
the efficiency. If at all possible, the
sitc of a stll should be shielded
from the wind.

Construction of basin stills

The economic viability of a solar
still is determined to a critical
degree by the construction and the
materials employed. A compromise
must he mads betwesn several
conflicting shjectives:
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mamienance and repair work.,

When constructing a stlf, 1t is
imporiant 10. work with a design
that makes sense from a technical
standpoint and is properly executed,
This will minimize the risk of low
capacity utilization and high failure
rates, which have an adverse effect
on the chmolopy's acceptance and
ECORGNICS.

Cavey

Tha cover nust exhibit pood light-
transmiiting qualities, be weather-
resigtant and not leak wvapour
Tempered low-iron glass is the best
choice of matedal for the cover,

since i is Mioldy irananarent and
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multipls use of this cnergy and can & fow Intvesimenr cosls much less susceptible w breakage
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than other matcrials. However,
. simple window plass of the bype
used in grecnhouses is a good
alternative owing to its favourabie
price. The dimensions of the sull
- should correspond to the standard,
“low-cost sizes in which materials
are normally available.

Akhough plastic sheet i much
cheaper than glass, it poses
considerable problems with' regard
to  dorability. In  addition to
ulraviolet radiation and  strong
winds, animals may also do serious
darmage to the cover. In the casz of
ong Greek design, for example,
birds picked on the underside of the
foil for drovs of water and cais
sittimg, o the warm stills in the
evenings pumctured the foils with
their claws. leading to the failure of
this model.

The etficiency of a basin-type stil
mereases the smaller the distance
between the cover and the sucdhce

also  attached, A

the still consists of an imsulated,
reflecting wall 10 which the hawch
for filling apd cleaning purposcs s
significant
improvement in output has been
achieved with this design, especially
at higher latitudes.

Bazin and lining

The basin must be able to withstand
the aggressive corrosion conditions
n warm salt water and ceadily
absorb  the golar radiation. A
smooth sorface makes it easicr o

remoyve deposits.

Concrete basins lined with tarpaper,
butyl rubber or bittmmous pamt
are & Iow-cost ad proven method,
Basing tnade of plastic ¢r coated
alurminium are a mMore SXpensive,
but aise more durable, atternative,
Maorgover, an insulated base belps
ta improve the shll's efficiency.,

The water level in the basin should
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Morcover, toels, sparc parts and
material for maintenands and repair
work must alao be available,

Polyethylens piping and fixtures are
well-suied  to withstand  the
prevailing climatic conditiens (high
temperatire and ulraviolet
radiation). Otherwise, only stainless
steel can be employed for parts that
come in comtact with sakt water.

Rainwater collection

Solar stills are ideal For collecting
rainwater. If anmual rainfall is 250
mnt or higher, it is worth the low
additional expense that is required
to incorporate this feature in their
constrcton. ’ ’

In areas with over 400 mm of
rainfall, ir is cheaper to utilize the
solar siill exclusively for collecting
and storing rainwater. Information
on the constauction of catchment
surfaces and cisterns can be found

L —
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{Of the walsr, For thes reéason, of 15
advisable o have o low-lving
consbracton with 5 cover ulled as
Bw as posuible. If the slope s oo
fow. hewever, some of the weicr
dropleds may Bdi back o e
busm.  fws 15 why  many
pihbirationg  recommend  that  the
slome he mn
However., oz Gordes  ond
MeCracken (1) have pointed out,
windnw plass 15 covered with a thin
oily film when it comes from the
factory, if i is cleaned with a
suitable detcrscnt, the wabee will
suppasediy form filmwise
condensazhon on the glass amd rtin
off at 2 slope as low as lo Plashc
must be tited at &
subsiagnidally  gher angle  ihan
glass because the condensate is

forer then  10n

COVELS

much more ttkaly to drip rather than-

P

T
Iuda s

“Becauss ihe mudiadion stokes he
off-side of the stll at a verv low
angle. much of the energy 15 lost
throogh reflection, Thereforg, stills
with covers sloped to anly anc side
cxhilyit snre Tavourable conditions

DC KOPL 3% 10W 28 POSNIDIS S50 LRar
the o6 will Teal up guicdle 1w 3
By oijaaatuee and cilicionsy will
b mmproved. Howeser, this also
cails for closer monioting of the
waler lewel m oorder o pmn.ni.
deposin.

i’

IHsularion

© Ingulation aleeg the boﬁmn and

sides of the basin will miprove the
stiif's oufpnt of distiliaie by up o
13%. T 1s only worthwhile iF i
addiviotat ootz eurred are no
higher than that Soyrofoams or
polyurethane foam can be eniploved

A% insuhatimg meaterial,

If pogsible, sﬂlls thar arc not
insulated should be built on dry,
aanm- gmund. which iz lass IIBGI—
comductive,

Qther system components

In addriion o the actuat stlls, tpks
w bold iho salt wator and the
distiflate. {ixiures, tubitig and a
fence ro wward aghinsy theft and
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10 INe LAl ocine TES G
Ruservairs, Giround
SUuckusts iva Fooi Carebient”.

Aburey

Live of the diglillaze

For all practical purposcs, the
distilicd wator from e stiil i3 pure
anid free of dissobved salis. Thus, it
can aiso e used as waler for imd-
acid  storage  bafterics,  in
laboratorics o for  medicad
purposes. A salt content of [00 to
I mefl is recommendsd  for
drinking water. Consequently, an
appropriate amount of saling water
st be added 1o e distflae in
order to prevenmt a disturhames of
electrelyte levels. Trependomg o tha
salt comert, the gquantRy  of
drigking watcr will be up to 30%

- higher than the amount of disilied

watar

Plastic gull compoients releass
subsrances o the wane thar can
zave the distillate 2 bad taste. Water
from stills with fbeoglass Dasins
may be uspalatable for  vears.
Therefors, the use of thie matenal -

07/11/2011
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In these mndels, the other side of glass Droakage by amimals of iy nol reconmmended.
ciuldien ol phy s alo required,
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Service and maiatenance

The servicing and maintenance of
sofar stills does not require any
special know-how and can be
huandled by personnel who are casy
to trait. However, these lagks are
relatively tabour-intensive and can
grow menctonons in the case of
very large (several 1,000 sqm)
plants. The most important tasks
that need to be camed out are:

s daily filhng and emptying of the
stills

o collection of the disullate,
admixture of maw water and
distribution to users

s cicaning of covers ‘and basin
linimg

= ' . -
» imspecting and répaiting of
vahves and sealants

»  replacement of broken glass

ottput amounts to about 1.000
litres per squace mcbee. Given a
E)% ratg of interest plus principal.
the price of oue cubic metrg of
dastillate would be DM 44 based on
the capital costs alone,  net
mcluding the costs of operation and
maintenance.

Socio-economic impact of solar
stills

Tha investment costs of solar stills
ar¢ 50 high that thev are penerally
not affordable for poor population
groups  themselves. A plan
suppiving a family with no more
than a few litres of water per
perdon and day may well be more
expensive than the house in wiich
the family lives. For this reason, the
financing for such instaliations can
only be provided by the
sovernmettt, which, after all, 1s also
usually respomsible for  drilling
borchales or supplving water by

tmck

file:///D:/cd3wddvd/NoExe/Master/dvd001/dvd1/GATE _DL/ENV/WI11E 00/EN/pg ...

water-supply option for larger-scale
lvestock operations.

It is still rwesssary (o supploment
the supply of water from solar
plants with transports of waker by
truck. Nonctheless. a supply option
that covers the basic npeeds for
water considerably improves the
bving condivons of a population
since it counteracts the risk of acure
water shortages when water trucks
are delayed. It provides a village
community with a safe and reliable
supply of drinking water and makes
1 less dependent on governmont
SeTvices.

Operation and maintenance of the
plant requite regular daily inputs of
labour. This requirement can best
be met if the users of the plant are
esponsible  for  doing  this
themselves, One or more plant
operators have to be trained and
remunerated for thes pob.
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+ rmemoval of deposits and crust
ar, if NCCESSATY,
renewing/touching vp the coat
of pamnt or lining applied to the
hasin

Costs of solar stills

The cost data for solar stiils vary
widely, depending on the mode of
constuction and the kind of
materials employved. Swstem costs
in the range of DM 200 to 600 per
square mette seem realistic. Annual

In view of the low and seasonally
fluctuating output, selar stilis are
not designed to cover total demand.
They are only squipped to supply
the demand for water that is
necessary  for  survival, leo for
dnnking and cooking. Brackish
water can be used for bathing and
clothes-washing if the salt content
is oot too gh Salt water can be
used for lLvestock-watering of the
salt comtent is oo higher than 10g/t
(for camtle} or 13 g (for sheep).

Solar stille are pot 2n economical

file:///D:/cd3wddvd/NoExe/Master/dvd001/dvd1/GATE _DL/ENV/WI11E 00/EN/pg ...
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The cconontic viebility of solar
stills is primarily determined by the
costs of altermative watcr supply
options, ln Botswana. a pavback
period of about 2.5 wears was
calowlated for a  site-to-soucce
distance of 60 km for drinking
water. The estimated lifetime
rangss between 10 and 20 vears,
depending . on  the construetion.
However, this presupposes regular
maimtenance and repairs - more
gpecificallty, plugging leaks,
replacing broken, glass, clearing off
cryst and, if necessary, touching up
or applying a new coat of paint or
glaze to the basin. If these tasks arc
neglected, the plants may become
useless after only 2-to-d years.

Disseminatian. of solar stills

The first large solac distllation
plant was built in Las Salinas,
Chile as sarly as 1872, Even by
tnodern standards, thiz plant, which
is 4,460 squarc metres in size and
produces 22.7 cubic ires per day,
i3 one of the largest ever built.

07/11/2011
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- e —— R ] PIONt 3 TECHODIOSICAL SIANApom. as
wel, the wood and glass
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construction is, for all practical
purpoges, fo different from  the
models being huiit today.

In the 19603 and 19703, a few
relatively large stlls were built in
Australia, Spain, Tonisia, on the
Aggean islands and in several other
countries. However, many of them
are oo longer in operation since it is
cheaper to transport drinking water
to the plant lecations than it 1s to
run the sulls.

More recent activities have been
undertaken to disseminate solar
stills in Botswana, for example,
where solar stills were wsed o
supply water to several =mmall

isolated settlements in desert areas

during the 1980s. In the Repubiic
of Niger, small, {ransportabie siitls
were developed to obtain distilled

water for automotive battenes and -

pharmacgutical purposes.

Avin mmarimnataler 8 AW cnlar chille Ara

their comstruction and operation in
particular arg mmch more costly
and labour-imensive. It is selatively

difficult to remove orust and
deposits, the major drawback
involved in the  operational

maintenance of these stlls,

Morz sophisticated plant designs
separaiz  the distllation process
from the solar collector. The output
of distilled water can be doubled or
increased eight-fold by mcbvering
the condensation heat, Research in
this area ig. cwrrently focusing on

the mulapte-effect distillation and -
. trans-tnembrane-digtillation

techniques. However, because such

plants are much morg complicated
to  consiruct and require  a -

siphificant amount of mmaliary
energy, they have not been found to
operate any more cost-cfficiently
than simple basin stlls. Moresover,
considering the area of application
in whlch they wuuid be used, they

e T e PR R Sl B
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possible to cut the consumption of

fossil fuel down to about 5% of the
energy required for a simple one-
stage distillation process. Since this
efficiency factor can only be
achieved with a large number of
stages and large thermal exchange
surfages, the construction costs of
MSF plants are very high Frergy
can also be used more efficiently. if
the desalinator iz coupled with a
thermal power plant. In this case,
the MSF desalimation plant is

- opperated with approsemately 1200

C of wasts heat recovered from the
power plant,

The investment costs as well as the
operating  costs  exhibit strong
seonamies of scale. Consequently,
there is a preference for large-scale
desalinators with capacities of up to
300,000 cubic metres par day. Due
to the high investiment costs as well
as the functional requirements of
control  technology,

07/11/2011
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currently in operation i Iodia,

where they are used either to supply
drinking water or to produce
distilled  water for  other

applications [7].

Emproved solar  desalinatian
methods

A large number of itnproved models
and other distilling methods have
been developed in order to increase
the low vield of solar stills.

The simpiest approaches are aimed
at achieving evaporation on a tilted
surface in order to hmprove the gtill
cutpnt when the sun 15 low in the
sky.

This can be achieved by arranging
sgveral basing in a termaced
configuration {multiple tray tilted
still) or optimising the evaporation
process on a piece of cloth
saturated with water (tilted wick
stills). Abthough the output of
cistillate with these designs is up to
30% higher than that of other solar

Al OO0 &3 Suldns Jdus (0 UG

technological complexity.

The same- holds tree 1o an even
greater degree of plants based on
the Multiple Stape Flash (MSF)
principle that are run oo solar
energy instead of fossil fuels. The
need to adapt such plants to the
intermitient and fluctuating supply
of solar epergy poses major

-technological problems that. have

not been solved satisfactorily to
date. At best, solar energy can be
used to save fuel in the operation of
fossil-fired plants. Even in such
cases, however, the savings will
only amourt to 30% at meost. It is
not Likely that such plants -wiil
become gconomically competitive 1
the foreseeable funre.

|Other desalination methods }

MEF Plamis
Mast large - conventional
desalination  plants  function

according to the Multiple Siage
Flash principle. A large mmber of

file:///D:/cd3wddvd/NoExe/Master/dvd001/dvd1/GATE _DL/ENV/WI11E 00/EN/pg ...
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LILULsEY LM up::ramu. AT WA CICK,
Reverse 0smosis

in desalination by reverse osmosis

(ROY, the pre-treated raw water is

pressed through 2 membeane that is

pesmeable o pure water but

virtually, impermeabls  to  sak

melecules and orpanic compounds.

Part of the raw water is drained off
as concentrate. The permeate will

still comtain a certain amount of
salt, which depends on the quality

of the raw watcr. If the brackish

water contains less than 10 g/l of
dissolved salts, the permeate can be

used as drinking water with no need

for further treatment. Sea water (35
gf) and water with a higher salt

content must be desalinated in

several stages in order to achieve a

residual salt content of 1 g/1.

" RO plants are sexiss-produced in all

sizes, ranging from large-scal
plants with capacities of several
1,000 qubic mettes per day to small
household units desigmed to supply
12 litres per day. The latier are

07/11/2011
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s::!us, l.negl’ nave Iaudd 1{1 Zdn StagES_ resuit n oa hlgh thermal operated :w]ﬂ] pressurt‘i wom the
witdespread  acceptance CAUSE  ecovery factor, which makes it  Waler mains and merely serve to
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improve the quahty of the tap
watcr.

RO plants make up about one-fifth
of the werlds total installed
desahnation capacity. In contrast o
multiple-stage flash designs, RO
plants can  achieve favourable
specific  investment  costs  and
energy conswmption levels cven
with low-output madels.

Significant  progress  in the
production of the membrangs has
lowered the share of the system
costs  accouated for by these
conponents from 30% 1o 10%.
However, the membranes still have
o be replaced every 2-5 wvears.
Moreover, improper operation ¢an
easily lead 1o damages and
prematurs farlure of the membrane,
-

Energy requirement

The amount of pressure - and thus

the amnnmt nf snerov - remrad far

must be peutralised, thrown down
or filtered out. The filters and
chemicals required for this pre-
Ireaiment  process  are hol very
costly in industrialiscd countrics
but may be difficult to procure in
developing counfries.

Coss of desalinafion hv reverse
iy akyy

The investment costs of an RO
plant are relatively low. A plane for
the desalwation of brackish water
{salt content 4 g/} with a capaciry
of 10 cubic metres per day costs
approximately DM 10,004,
Additional costs on roughly the
same scale also arise for energy
supply, facilittes for pre-treating the
raw water and storage tanks,

The cunergy and operating costs

season to the next, making a post- -
adjustment necessary.

{onsequences af
operation

improper

Improper operation can cause the
membrane to  hecome clogged,
sharply reducing the plant's output,
[n this case, the membrane must be |
flushed out or replaced bv a
qualified technician. If the plant is
not in operation for & longer period
of - time, the membranc may
gemiinate and become useless. A
liquid disinfectant must be poured
in to prevent this. After the plant is
put back into operation, the
permeate will initially still contain
some residues which can have a
harmful effect on health if it is used

as drmking water,

“Design of a Reverse Osmesis Module
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desalination by reverse ostosis
primarily depends on the salt
contemt of the raw water. In
practice, about twice the amount of
osmotic pressure is necessary, ‘In
other words, 4-12 kWh of elegirical
enerdy are required to drive the
pump for every cubic metre of.
drinking water. Some distillation
methods consume the same amoont
of energy as anxiliary energy alone.
R0 15 thus the most energy-efficient
desalination techmique, especially
for brackish water, If the demand
for water is no higher than 1-2
cubic metres per day, a
photovoltaic  plant & also an
economical emergy-supply option,
For larger plants, however, a diesel
generator i3 a cheaper source of
electricity.

Lowhfulil Wil Ll

in any event, qualified persoonel
and a good supply of spare parts
are ngcessary for RO planis,

Pre-rreaimeni of the raw wafer

Depending on  the  composition,
VErous Substances N Taw water

Sesalant

/' Permeate pipe

Page 2 of 3

Raw water /T

., PeEMmeate

Congcentrate
Baffle

Rcvene osmosis membrane'
Permeate holder

strongly depend on the quality of
the raw water. However, if brackish
water is not oo salty. the costs of
RO desalination are generally lower
than those of other desalination
methods.

Operation and maintengnee

The operation and maintenance of
RO plants calls for qualified
wechnical persomnel. The  plams’
made of operation must be adjusted
precisely to the quality of the water,
A derailed chemical analysis of the
raw water is necessary for this. The
composition  of well water, for

awarmnla can rhamma e cma
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Use in developing countries

RO plants are technically very well
suited to the desalination of
brackish  water in small,
decentralised areas. However, the
need for qualified operating
personnel and the deperidence on
spare parts and angiltary substances
of materinls detract from the
benefits of using such ptams in
rural areas of developing countries.
For this reason, RO plants cannot
be considered an  appropriate
technology for this application.
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