G @ | TOGETHER

!{’\N i D/? L&y

=S~ vears | for a sustainable future
OCCASION

This publication has been made available to the public on the occasion of the 50" anniversary of the
United Nations Industrial Development Organisation.

’-.
Sy
B QNIDQI
s 77

vears | for a sustainable future

DISCLAIMER

This document has been produced without formal United Nations editing. The designations
employed and the presentation of the material in this document do not imply the expression of any
opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development
Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or
degree of development. Designations such as “developed”, “industrialized” and “developing” are
intended for statistical convenience and do not necessarily express a judgment about the stage
reached by a particular country or area in the development process. Mention of firm names or
commercial products does not constitute an endorsement by UNIDO.

FAIR USE POLICY
Any part of this publication may be quoted and referenced for educational and research purposes
without additional permission from UNIDO. However, those who make use of quoting and
referencing this publication are requested to follow the Fair Use Policy of giving due credit to
UNIDO.
CONTACT

Please contact publications@unido.org for further information concerning UNIDO publications.

For more information about UNIDO, please visit us at www.unido.org

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria

Tel: (+43-1) 26026-0 * www.unido.org * unido@unido.org


mailto:publications@unido.org
http://www.unido.org/




s 25

o

-

HIHE °

2 JlL HH' &




12275

ANz AN
A PBBL\]I@\IARE ENERGY ASSESSMENT FOR THE

LAKT NATRON SODA ASH PROJECT WITH MMPHASIS
ON USC OF ALTERNATIVE ENERGY SOURCES

Submitted to: STATE MINING CORPORATION,
P, 0. BOX 4958,
DAR ES SATAAM, Tanzanico.,

Prepared by: OMAR G. HANCOCK, Jr., P.I.
UNITED NATIONS ENERGY ZXPERT

Date: 20T NOVEIBER, 1982




A PRELIMINARY ENERGY ASSESSMENT POR THE LAKT NATRON SODA ASHE PROJECT
WITE EMPHASIS ON USE OF ALTERNATIVE INIRGY SOURCIS

ABSTRACT |

~__ J

This report aefines and discusses a sode ash processing plant enercy
requirements and characterizes both typec end guality. Because of
the plant's remote site and national cash flow problems, emphasis
has been placed on the possible use of alternmative energy sources

if found to be cost-effective. Several different methodologies

for using solar and geothermal energy are compared. Expected
pexformence is given for each method. Solar energy can be used
efiectively for half the thermal requirements. The plent will be
located in the Great Rift Valley, an area lmovn to have geothermal
activity, but this geothermal resource has vet to be evaluzted for

its possible energy contribution.

INTRODUCTION

Lake Natron, loceted in the Great Rift Valley of Dast Africa, is

a natural resource rich in two farms of sodium carbonate. The

sodium carbonate (soda ash) is a basic ingrediert for many induni:l
applications, including glass manufacture, concrete menufacturing, 25
a feedstock for chemical mammfacturing, water purification, and 'ma:y
other uses. The Govermment of the "mited Republic ¢f Tanzania, throus:
itc parastatal orgemization the Stete Mining Corporation (STAIIICo).

has surveyed present and anticipated demond for soda ash within the

country and found the demand to be

1981 about 11,000 tommes (actual)
1985 about 26,000 tomnes {projected).

STAMICO has determined that the proposed soda ash processing plant
should be designed to produce 27,000 tonnes per year (about 90
tonnes per day), using a simplified process similar to the process
used at Leke Magadi in Kenya., That process and its daily utilities
reguirements are shown in Figure 1, utilizing the lake's crust
materizl as feedstock (includes heat losses) and conversion.
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STAITICO hes also determined that the soda ash processing plant
should be located at Iake Katron. Thire will, of course, need to
be developed a supporting infrastsucture as none currently exisis.
However, problems of the infrastructure are outside the scope of

this report.

The sodium carbonate resource has been described ny itshi (ref.l)
and by the Japsnese Teon (ref 2 and 3) ané these descripiions v.arc
the ba e: on which the energy study wos made. The Jopanese study
also touches on the issue of fresh process woter, but preseanted
no definitive data. Ths, water remc-ins or unresolved issue.

The Japanese presented long-tern temrerature, humidity, rainfall
and eveperation date fron lLake lMagadi (efter Hargrave, ref.d)
which appear to be appropricte for usc Witk the Leaice Natroz plant
Insolation daia covering texn years at Nairobl is available (references
5 and 6) and is summarized in Teble I. Conversations with persons
Baving Imowledge of mieroclimatology of Leke Natron indicate that

its insolation mey be better thon that at Heirobi.

DISCUSSION

Solar energy is a diverse Zield and can be used in many ways. One
of the simplest and most crst~cffective uses is to meke hot water
in the temperzture range ol 60°¢C to 80°C; higher temperature water
or other liquids require increasingly complex and costly systems
to achieve the higher temperatures.

The procesS energy requirements have been examined not only for
quantity of energy but also for guality (temperature) of the energy.
The result is & proces: which is modified slightly from that used
at Mogadi (figure 1). This modified process, showm in figure 2,
is differert acinly in that drying the washed cru~% and removing
the water of hydration from the Na2003. Hzo can easily be done with
low-grode heat using solar energy. As figurc 2 shows, more than
half of the entire thermal energy requirement can be met using
low-grade hezt. Soler energy provides a very attractive life-cycle
cost for this application. Using o shallow solar pond, described
in Appendix 4, the 220 gigajoules of thermal energy required for
first stoge drying can he provided at an instzalled cost of about
#‘L-? nillion US.
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Fnotovoliaic generation of electricity can be attractive under
certain conditions, usuzlly ir application remote from any source
of electricity and when the electric power requirement is modest.
Certzinly, the Lake Notron plant is remote from o1l sources of
electricity, but the power requirement is Probably large enough

S0 tuot other methods of genmerating electricity ore more =~tiractive.
Very simply, the energy problex can be stated as three unrelated
problens:

- Provide 220 gigzjoules per dor ir the form of water whose
temperature is at least 70°C (for first stage irying);

- Provide 214 gigajoules per dauy in the form of 600 psig
saturated steam (250°C) (for second stage caleining);

- Provide 6,500 kWhr per day (270 XW average luad) as de
electricity to run various pumps =and motors.

Solar and geothemal technolegies which might be considered as
candidates to supply the required process energy cre eveluated in
Teble II. Although Table IT is prsi:cated on 2 solar fraction of

80 percent (amount of energy supplied by sol-r divided by total emergy
required), it may be attractive to cease operations whenever

energy from solar is insufficient. 'The only rezl problem witnu

this approach is that idle time cemnot be scheduled.

CONCLUSIONS AND RECOMMENDATIONS

The geothermal resource MUST be defined, for, :{ adequate, it cen
be used effectively to meet all energy needs, or portions of the
energy needs, If the resource quantity will not supply all needs,
electricity should receive first consideration, then first st-ge
drying, then third stage calcining.

Solar energy can be usaed cost~effectively to supply process heat
for first stage drying. The shallow solar pond zsppears to be the
best choice, although a flat-plate collector made very much like
a SSP but using a Sol=-a=Roll absorber with trickle flow shculd be
eonsidered, The Sol-a~Roll absorber is made of a tough EPIR(
material (ethylene propylene diene monomer) and oould possibly
offer improved economics.
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Tlectricity cam best ve provided from geothermal resources
provided the existence of a= adequate resource can be established.
If the geothemal resource is inadequate the SSP + Ranlkine-cycle
expander/generator is recommended (see Appendix B for Raniine-cycle
discussion). This technology received a rating of 8, being
down-graded because of the complexity of a SSP ani a vapor expander
working together.

Photcvoltaics are expensive for this application and are not recommended
for that reeson only. The technology is siopler end reliability is greater
than for the first two choices, but these advanteges do not overcome

the cost disadvantage.

Solar energy is mot appropriate for second stage calcining.

The solar resource should be more fully exsnined tc see if data exists

for a closer geographic location. 1f no other data exists (and long<ter
revresentative data is what is needed), perbape weather satellite pictures
could be studied to determine the relatior ship betiween insolation

levels at Leke Natron and at Fairobi. This technique hes been

developed at the University of Miemi (Florida) by Dr. Homer Heiser.

If geothermal energy cannoct be used to make electricity with which to
meke steam for second stage calcining, a fossil fuel-f’¥ed boiler
should be employed.

ACKNOTLIDGRENTS

The writer especially wishes to thank Mr. E.il. Kihwelo, STAMICO Project
Manager, and Mr. J,.D. Adhia, UN Salt and Soda Asi Ixpert for their
assistence, counsel and mapy courtesies.. iMr. Haji Ali's skillful
driving to convey us to Lake Natron i. very much appreciated. [any
others, too muerous to mention, also contributed to the success

of this mission, and to them I say, "'Thank you'.

REFLRENCES

1. J.Ji. Mushi, Mineralogy, Sedimentalogy and Geochemistry of the Lake
Natron area, report number JIM/I, Geology arnd Mines Division,
Tanzenia, January 1975.

-ocuooco/Sn




2.

3.

4.
5'

Japan Intermational Cooperation Agency, The United Republic of
Tenzanie Pre-feasibility Study Repori oxn Naturael Soda Development
in Lake Netron and Related Transportation Facilities, Parts I,

II and III, August, 1976.

Japan Internmational Cooperation igency, Report on & Survey for
Purification of Soda Ash, Part IT, August, 1976.

K.J. Hargrave, Aree Studies in East Africe.

G.0.G. Lof, J.A. Duffie, C,0, Smith, World Distribution of Solar
Radiation, College of Engineering, the University of Wisconsin
Engineering Experiment Station, Report mumber 21, July, 1966,
Solar Radietion and Radiation Balance Dats Anmial Data, 1969-1973,

Part I,USSR Chief Administration of the Hydrometeorological
Service, 1976.

DISTRIBUTION:

Mr. H.M. Kihwelo,

Leke Natron Projegt Manager,
STAMICO,

Mr. S,L, BAgﬁiBa,
Director of Development
STAMICO®

Mr. S,K. Henein,
Senior Industrial Developmment Pleld Adviser,
UNDP - DAR ES SALAAM.

Mr. M, Judt,
Senior Industrial Development O0fficer,
UNIDO - Vienna.

lir., J.D, Adhia,
Senior Salt and Soda Ash Expert,
UNDP -~ DAR ES SATAAM.




Therr o Electrical CRUDE TRONA ZRUST (133 tons)

FeguUrntne L Reguirements
50 kW MINING
10 kW CRUSHING
water
10 kW WAS HING (— dram
50 ki — CENTRIFUGE p—e dram
o0kW DRYING
434cT {DESICCATING|_, steam
@250°C —¥'CALCINING
10kW SCREENING
LOkW BAGGING
F0kW  Uriiky " ———s
¢
270 kW s BUCT
avg. /load H1P PRODU C90f0ﬂ5>

Figure 1- Soda Ash Process Used at Lake Magad:, Kenya
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Figure 2 - Soda Ash irocess And Energy Requirements
For Proposed Lake Natron Project




TABLE I

LVERAGE DAILY TOTAL HORIZONTAL INSOLATION FOR
NATROBI TIN YEARS ENDING 31ST DECEMBER, 1973

M, /;gnz =day

Jan Feb, Merch April Hoy June July Aug., Sept. October. Nove, Dec.

23.0 24.2 23.5 20.4 17.2 16.5 13.5 14.1 19.7 20.9 20.2 22.3




TABLE IT

COMPARATIVE DATA FOR CANDIDATE SOLAR TECHNOIOGILS — LAKE NATRON PROJECT

Land Status Installed EXPECTED _ANNUAL
Dailly Area of Te- Cost Ener Cost Supplement | Operating | Mainton-
ReGui- Req'a | chmology ting 19826808 H th Savinag Energy cgst Cost 5| ance cosy Renarks
renent Hec Develo—- G x 10 arve PUSXx10° {3US x 10 $US x 10° | wUS x 10
: " ent ote 1 Not t
ST STRCE NG pm, (Note 2) [(Wote 3){(Note 3) (Note 3)
—?gsa;.’)mw solar pond 2206 2 Bxcellent | 10 1.2 53x10°GF 0.8 0.2 1 30 Best choice
~Salt Gradient Pond 2206J 2 Currently being ]developed.| Not 3appmpriate at this tinme
~Flat Plate Collectors | 22067 1-2 | Excellent 2] 2 53x10°GJ 0.8 0.2 1 40 Cost is nain
problen
—-Geothemal 22063 3 Excellent 10 0.2 66 x 103GJ 1.0 None None 2 Presence of suita-
ble geothermal re-
source has not been
verified.SiLte exp-
loratory work is
required
ZND STAGE CALCINING
~Solar themmal All strictly lar-thermal net ?ods are jnappropriate because technology 18 not {well developeﬂ
-SSP + Rankine-cycle Poor on > [y
generator 21463 20 | this size 3 |10-15 51 x 107GJ Prohibitive cost
~Geothermal Rankine- .
_Cycle generator 215GJ & Good 10 5 64 x 103GJ 1.0 None None 20 Resource unproven
ELECTRIC UTILITY Note that a diesel
-SSP + Rankine-cycle %sn:ig;g:mzrelzuzﬁd
generator 6.5t1ar | 2% | Good 8 2 1560Mihr 22 .05 1.5 0 lar.
~Photovoltaic (PV) 6.5Whr | 25 | Exceleent 8 13 1560iWhr .22 .05 None 100 Cost is high but
easy naintenance
—Geothermal + Rankine- - 28
-cycle generator 6.5 hr - [Patisfactory] i0 0.8 1950MWhx ) Noue None 20 Resource unproven

NOTES 1.

ia recommended without reservation

2'

a solar fraction of 6% (reasonable)

3.

efficiency (50% for electricity generation)

Rating is a judgement of appropriateness of a method and uses a scale of 1 to 10, where 1 is clearly not appropriate and 10
Expected annucl energy harvest is the enount of energy of the required quality expected to be providoed by solar and assumes

Assumes oil at the site cost $US446 per metric ton ($US 0.38 per litre) and 1s converted to useful heat at 65% overall



AFPERDIX A

SHALIOW _SOLAR PONDS

DESCRIPTION

The shallow solar pond (SSP) is a solar energy collector that

is intended to supply large emounts of heat to industrial applications
at a cost that is conpetitive with fossil fuel. The shallow solar

pond concept is not new, having been examined several times for
applications in electric generation and desalination. It has been
rejectad in the past because low fuel costs and materials problems

have made it uneconomical. Today, rising fuel costs and improvements
in inexpensive plestics make the shellow solar pondb look very promising.
The Lake Natron area appears to be ideally suited for shallow solar pond
use for the first stage drying in the soda ash production process,

A typical shallow solar pond facility consists of several modules
(ponds) covering an area of more than one hectare., 4 typical shallow
soler pond module consists of a 5m x L&m plastic bag filled with

water to e depth of 60 to 80mm. The bag rests on & layer of insulastion
and is covered with a fiberglass greenhouse glazing (covering) as

shown in Figure AI., In addition to the modules (ponds) the installation
at Lake Natron will reguire 2, 200::13 of hot water storage to operate

the first stage dryers 24 hours per day.

Because the nommal output of the shallow solar pond is water between
40°¢ and 85°c, the mos* ideal applicrtion for shallow solar pond are
those that can use the hot woter directly and are in competition with
very high fuel cosis, or scarce fuel. Other applications might use
only the heat obtained from the shallow solar pond through a heat
exchanger. This heat, in turn, can be used to drive a vapor turbine
to obtain shaft power. Both applications are possible for the Lake
Natron Soda Asn plant, the latter being used to provide the plant's
electricity requirement of 6,480kWhr per day. A sketch of a typical
shallow solar pond is showa schematically in Pigure A2.

LDOTATIONS

Iike all solar themal energy systems, the shallow solar pond has
considergtions that must be kept in mind. The most importent
consideration is area. Since the shallow solar pond concept requires
a fairly large area, it is usually emplaced r%ré‘ the ground, Where land
costs are high or the terrain is improper, a®e shallow soler pond

nay not bé appropriate.




The site of the shallow solar pond must be relatively free of
shadows froun trees, buildings, mountains, smoke plumes. etc.

It is particularly important that chemicals from a nearby
processing plant, or otaur, not deposit chemicals on the modules
To do Bo can greatly reduce their effectiveness. MOST FAILURES

of SOLAR INDUSTRIAL PROCESS HEAT systems can be attributed to such
deposits.

Land ares is not a problem at Lake Natron. However, chemical
deposits CAN be a problem., The potential chemical deposits can
be reduced to a sefe level by appropriate treatment in the dis-
charge stack. Such treatment is considered to be imperative.

Another potential problem at Lake Natron are the animals, particularly
the baboons, amnd termites. Their possible effects on solar systews
mst be careful.y evaluated. They are not considered to be a problexm
with a vapor expander/generator aos it is made of more durable materiels,

ENERGY CALCULATIORS

The thermal energy required daily by the first stage dryer is
22067 for 90 tonmnes,/day of operatian. The electric load is 270KV
(average) or 6,500kWhr per day. If & Bankine—cycle vapor expander
is used, the thermal energy required to opermte it turns out to be
the same quantity as for the first stage drying, 220GJ per day.
Thus, the sizing and designs can be similar. 3Sizing caloulations
for the first stage drying requirements are shown in Table Al.

OPERATION OF THE SHALLOW SOLAR POND

The shallow solar pond can be operated in either the batch mode or
flow=through mode. Celculations emd judgement will determine the
preferred mode during the design phase, In a batch mode, the ponds
are filled in the morning threugh a common mens£fold from the spent
water storage tenk. When all the ponds are filled pump Pl is shut
down and the ponds are valved closed. In the late aftermoon, when
the temperature in the ponds has just pealed, the water is pumped
by pump P2 trom the bags into an insuleted hot storage tank for use.
The mein advantages of this mode of energy orllection are the
sinplicity of the control systean and the smaller smount of piping
required.




In the flow through mode, spent water enters one ené of the pond,

is passed through the pond, and is withdrawn at the other end and
sent to hot storage. Water depth in the plastic bag is controlled
by flow rate and weirs in the pond (bag). The conirol system for
this node of operation is more complex as it must not only turn
punps on and off appropriately, but it must z1so change velve
position to regulate flow rates through the ponds (bogs). This

node probably does not offer any advantage to the Iliake Natron Project
S0 long as a typical bag is used.

Two water reservoirs are reguired, both insulated., Hot water from
the ponds will be stored in late afternoon in the hot storage tank
so that 24 hours per day opermtion it possible. Hot water will be
drawn from the ot storage tank, passed through the first stage
dryer heat exchanger, and return to spent water storage. It is
necessary to use two storage tanks in order not to compromise the
quality of the process not water, which would happen if spent water
were returned to the hot storage tank.

MiINTENAICE

Because of their simple design, shallow solar pond systems should
require minimum maintenance. The insulation, curbing and bed are
expected to last at least 30 years, provideld the ground they are
set on is stable., For a systen to be located in the Great Rift
Valley, some caution may need to be exercised in design. I.mps

and valves will require normel maintenance. Reservoirs may not
require meh maintenance unless the insulation is stripped off by
aninals, The bags are the only items that will require an on-going
service progrem. The bag is protected by the glazing ecad curbing
and has nc specific periodic maintennnce program. Swmall leaks can
be Tepaired in place by maintenance persornel using o patch and
adhesive supplied by tke bag manufacturer. /Appropriate choice of
bag material to withstand ultra-voilet radiotion and high temperatures
will mininize problems due to bag deterioration.
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Fly ash fron the calcining process may be hazardous to the
long-tern performance of the shzllow solar pond by depositing
on the glozing und preventing the sunlight fron getting into

the pond to heat the water. TFor this Eeason, it is necessary

to restrict the evolution of fly ash at the source. It night
seen that sand and dust in a semi-desert area could present a
similar problen, However, the experience of the solar community
is that sand and dust on collector glazings do not prevent sun-
light from pessing through the glezing, so sand and dust are not
seen as a potential problen.




[:Orr‘uga‘ted fiberglass tog glazing

insulation

plastic
Water ba_g

Figure A-1 Tyfical Section of Shallow Solar Rnd

Showing Elerments of Construction
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THE RANKINE-CYCLE

VAPOR EXPANDER/GENERATOR

The Rankine-cycle wapor expander/generator is a device which

enploys & working fluid which changes phase fron liquid to gas

and back to liquid. During the process, high pressure gas is
allowed to expand to a lower pressure gos through a vapor-expander
(a gas turbine is one example), causing o shaft to rotete, enabling
it to do work. Orgmmic materiels (refrigerants) are commonly used
as worldng fluids, although water, propane, ammorie and others could
be used, depending on the application.

The Renkine-cycle systen requires an external source of heat and
an externsl sirk, The heat source represents the greatest pote-
ntial long-term cost, end that is why it is necessary to explore
the possibility of using geothermal energy. Performence of a
Rankine-cycle systen is directly related to the gquality (tempe=
rature) of the source and sink. A well designed system can echieve
70 to 80 percent of Cernot efficiency. Thus, one can express a
Rankine~cycle system's oversll efficiency as

Efficlency = 0,70 x Tsource -~ TSink
Tsource

where the temperature are thermodyneaic values. Thus, for &
source tenperature of 85°C and a sink tenperature of 25°C,

Efficiency = 85 - 273)=\25 + 273)_

7 85 = 273 11.7 percent

The Rankine-cycle system is described schematicelly in Figure EHl.
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