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Abstract—This project involved using a system dynamics ndetiogy to develop a demineralised (demin)
water production planning tool to optimize and stgise the process of demin water production tot rifee
water demand at a coal-fired power plant. The papetludes discussion of the causal loop diagramOy;L
System Architecture Map (SAM) and Model BoundartfMBC), as well as selected modelling structures
of the demin process. The system dynamics metlgydalssisted in enabling scenario and sensitivity
analyses of dynamics pertaining to the complexiiethe demin water production plant generatinggts
and was developed to assist in understanding sobistier decisions can be made to effectively cosgie

for maintenance and regeneration to secure avditgnf demin water for power generation.
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I. INTRODUCTION

A. Role in electricity generation process

The coal-fired power stations that are used toymedlectricity in South Africa utilize a steam/efat
cycle. Demineralized (demin) water is solely usedhis steam/water. On each station, there is a
dedicated demin plant which produces all the dewsder requirements from filtered water, for
operation. The water that is produced by the dgptant is contained in storage tanks. From these
storage tanks, the water is pumped to a Reserv\Weger Tank (RFT) located at each of the boiler
units. Each South African power station has mutiphits, which could vary from 6 to 10 units per
power station. The water is then pumped from th& Rfo the steam drum inside the unit. In this
drum, the water is mixed with extremely hot wated ateam, so there is conversion of the incoming
demin water into steam. The steam exits the druthimheated to extremely high temperatures and
pressures through the primary super-heater tube s steam has enough kinetic force to turn the
high pressure turbine blades. The turbine thersttiva generator which converts the kinetic energy
of motion into electrical energy through Faradgy'sciple. The steam then flows through the pre-
heater, secondary re-heater and then the interteepliassure turbine and finally through the low
pressure turbine. The water contained in the stz cycle is treated in the condensate polishing
plant and returned to the boiler cycle.

The demin water can then be seen as the energptuar, converting the thermal energy from the
combustion of coal to mechanical energy and finalyropel the turbine blades. The evaporation
process produces pure steam and the rest of tearisigle of the water condense and accumulate in




the boiler drum and tube walls at the side of thdeb This can ultimately lead to boiler tube
failures, attributed to be the largest cause of smiit downs (Lenntech, 2015). When the unit ig shu
down, no electricity can generated, more imporyan#turning the unit to service then requires a
large volume of demin water and an extensive amadrtime. To prevent unwanted minerals
entering and accumulating in the boiler tubes, Water is demineralized before entering the
water/steam cycle. Without deionized/demineraliseder, the water/steam cycle would never be
able to operate efficiently and failures on thenplaould most likely become unmanageable (GPFE,
2014). Demin water is therefore critical and theduorction thereof just as much. Currently, the
consumption of demin water at many South Africawgostations has increased as the plant has
aged and due to an attempt to minimize disruptiothé economy with load shedding, it has been
challenging to strictly follow planned maintenarszhedules. This has resulted in the demin plant
being required to operate more frequently and ddesign conditions to meet this. This operational
mode requires a lot more planning to prevent thmidevater storage tanks from emptying and/or
regeneration cycles of the demin trains to becoymeexl. This will be explained in the following
section.

Il. LITERATURE
A. Demin water production process

The definition of demineralization is that all thenerals in the water, which consist of positivel an
negative ions, are removed, leaving pure watefO)Hnolecules or trace amounts of these ions
(Oxford, 2015). The positive ions are defined asooa and may include magnesium, sodium,
calcium, iron and copper. The negative ions arerrefl to as anions and may include chlorides and
sulphates. The conductivity of demin water for pogeneration is typically around 0.055 pS/cm. At
this conductivity, it will not conduct energy elgcal currents through it (Whitehead, 2013).

Power stations receive raw water that needs taubiéqul to demineralized water. Raw water mostly
comes from dams and rivers sourced in close proxitaithe power stations. The properties of the
raw water that need to be addressed before the vantebe defined as demineralized are as follows:

» Suspended solids like sand and silt need to bewedno

» The cations and anions, which are dissolved sattswEnerals, needs to be removed.

» Certain gases that dissolve into the water like 6€2d to be taken out.

» Living material such as microorganisms (bacteregdto be eliminated as far as possible.

The water purification process from raw water ttapte and demin water is illustrated in Fig.2.
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Figure 1: Flow diagram of demineralization proc@&sitehead, 2013).

The demin plant is area on Figure 1 that is bodrzethe dashed line. It starts at the Cation Vesse
and ends at the mixed resin bed vessel.

1) lon Exchange

Demineralization is an application of ion exchanp®o main types of water treatment are exercised
with the use of the ion exchange technology: Watdtening and demineralization. Water softening
is when minerals that give hardness to the waker ¢dalcium and magnesium are exchanged for
sodium (which is a lighter molecule), and is regdifor many processes. Demineralization is when
the ions in the solution are almost completely reedo(Alchin & Wansbrough, 2014). This process
is the basis on which the demin plant operatespanduces demin water. The cation exchange resin
bed trades positive ions in the water for hydroges found in the resin while the anion exchange
trades negative ions for hydroxide ions found ie #mion resin. This trade-off is based on the
adsorption potential of the specific ion towards tesin bead. Resin beads are often sphericaltebjec
that have a network of fixed charges and are nigedhby a moveable ion. The next process item in
is the degasser. The degasser removes excesfr@®the water. The final step is the mixed bed
which polishes the water — removing the residuad@ams of cations and anions left in the water.

In an ion exchanger, ions are removed from the miayeusing either cation or anion resin. The
process is depicted in Fig. 3.




Figure 2: lon exchange during demineralization (&c@014).

2) Column Operation

The columns or vessels are the containers in wiieke resin are found. An example of how the
columns operate can be seen in Fig. 4 below.
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Figure 3: Column operation (Rohm & Haas, 2008)

In Figure 3 it can be seen that the fresh resis gmided progressively with ions from the feed
solution until leakage/exhaustion occurs, thabmge the resins are fully loaded and the ions fitwen
feed escape the ion exchanger. The resin is losdédte direction of the flow. When the resin is
exhausted, the next step is regeneration. Reg@rerean only take place when the regenerant
concentration is high, typically 1000 times the @amtration in normal water (Rohm & Haas, 2008).
In the case of demineralization, strong acids saglydrochloric acid and sulphuric acid are fully
dissociated and can supply kbns to replace the cations that have been exeldarymost the
whole process takes place with Qbhs in the anion vessel. In practice, caustiagdthOH) is used
and supplies the OHbn to replace the anions sitting on the aniorharge resin beads at the end of
the run. For the ion exchange to be efficient theust be a difference in affinity between the ion i
the resin and the ion in the solution (Rohm & H&48¥)8). The resin must have a higher affinity for
the ion in solution compared to the ion in themesi

B. System Dynamics

1) Origin of System Dynamics

The following few points explains briefly the hisgmf System Dynamics from Aristotle, Bertalanffy
and Forrester:




. The first main idea of systems thinking was depidteAristotle’s idea that the whole is not
the sum of its parts and that the interactions betwthe parts also have an effect in the end.
(Uptonet al,2014)

. In 1940, Von Bertalanffy distinguished between opewl closed systems. Closed systems
have no interaction with its environment while ogstems readily exchange mass, energy
and information through its boundaries. He alsosdiche work on isomorphic laws where he
discovered the same laws in different systems (Qnsig.

. While Jay W Forrester was working on the WHIRLWINDMIT’s first general purpose
digital computer to be used to control combat imfation system, this is where he learned to
appreciate the difficulties faced by corporate ngems. His insights into the common
foundations that underlie engineering and managenesh to the creation of system
dynamics during the 1950s (Origin of system dynani2©14).

. In 1962, Forrester wrote his popular book, Indastbynamics. Within 10 years of its
publication, the span of applications grew frompawate and industrial problems to include
the management of research and development, uragmasion and decay, commodity
cycles and the dynamics of growth in a finite wqtigin of system dynamics, 2014).

2) Description of the software that was used:

The software used in this model is iSee Stella.fohewing is a description of the software froneth
iISee website: “STELLA allows you to quickly creatgstem diagrams that can be simulated over
time. Working in a completely risk-free environmamid discover hidden aspects of your system that
lead to unexpected outcomes. STELLA also allows yogreate a user interface on top of your
system diagram that makes it easy to share yowsratahding of the system, run your scenarios as
part of a presentation, and enable others to expeeati with their own policy combinations.”
(iISeeSystems, 2015)

3) Why was this software chosen:

This tool was chosen since it is one of the leadiugs in the field of System Dynamics. It is well-
established software which is continuously beingettgped but the main reason for using this
specific tool is for the creation of the interfackhe interface can be customized to customer
requirements and enables the user to interact thithmodel through this easy-to-use interface.
STELLA also provides almost instant comparisonsvbenh scenarios and the effect of doing a
sensitivity analysis can easily be seen.

Ill. RESEARCHAPPROACH

The next few sections outline the research prategsvas followed in the creation of the simulation

The first would be the key variables and concegiygiamic hypothesis where the Causal Loop
Diagram (CLD) and Model Boundary Chart (MBC) wi# ldiscussed, simulation modelling structure
and testing. The simulation was created in iSeeL&AEversion 9.4 and the simulation period was
100 hours.




A. Key Variables and Concepts

The most important question that the simulatiorudhanswer is “will there be enough demin water
available to meet the power station’s demand?”s Thiindicated by the level of the demin storage
tanks. The two variables affecting the levels heegroduction or demin watepfoduction raté and

the consumption of demin water from the stati@tation demand”

As water production takes place, the resins indheexchangers start saturating with the dissodiate
ions from the water. Thus there is a finite resipaxity (throughput) for each train, which limiteet
amount of water that each train can produce befegeneration should start. Regeneration will
renew the resin efficiency but discontinue the wateduction while the regeneration process is
taking place. The quality of the water being pramtlcletermines whether the train can continue
operating or must be taken offline.

There is wear and tear of the demin plant duringraion, which will lead to the planned
maintenance or the need for unplanned maintendint@s is not done, the production capacity of
the train can decrease. The main variables aretkieustatus of the demin trains, the production of
demin water and the consumption rates from the pste¢ion

B. Dynamic Hypothesis

This section can be divided into the MBC and thédGhat gives an indication of how the variables
interact with each other in a system.

1) Model Boundary Chart

The system variables are shown in Table 1 undepgambus and exogenous. These variables
include the projected level that will give an iration of the future levels of the tank and in tthia
demin water that is available. It also includes stae of the train which will be discussed in more
detail in Section C. The station consumption, regation, throughput and maintenance durations
would be exogenous variables that will require thputs from the user. Variables that were
considered but excluded in the simulator due to tmmplexity include the water quality and wear
and tear. Water quality can be factored in by changhe throughput of the trains. All these
variables can be seen in Table 1.

Table 1: Model Boundary Chart

Endogenous Exogenous Excluded
Projected leve Station consumption re lons exchange
Station consumption target
Demin watel Productiornthroughpu Water qualit
available Throughput target
Water production Factors increasing station Wear and tear
demand
State of train Regeneration duration Resin
efficiency

Regeneration type

Maintenance duratic




2) Causal Loop Diagram (CLD)

The causal loop diagram in Fig. 5 illustrates thesality between variables in the demin water
production planning system.
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Figure 4: Demin Water Production Planning SystenDCL

L oop B;Water Production

As waterproductionrate takes place, over time thesin efficiencywill decrease due to the resin
beads becoming saturated with ions in the raw watdren theresin efficiencydecreases, less
mobile ions are available to be transferred torcldee water thus the number iohs exchanged
decreases. The less ions that are exchanged, tieeafriine original ions remain in the cleaned water
resulting in a decrease in theality of the cleaned water. The quality of the waterdse® be at a
certain level and if it is under that level, {h@duction ratedecreases/stops.

L oop B :Regener ation

When theresin efficiencyreaches a minimum governed by theoughput thenregenerationwould
take place. Hence if theesin efficiencybecomes low enoughegenerationwould increase after
some timeRegeneratiomejuvenates the resins and thsin efficiencythus increases. The side effect
of regenerationis that the train cannot purify water while beiregenerated and this causes the
production rateto decrease.

L oop B3 : Production Rate

The production rateis governed by thetation demandWhen thestation demands high, more
water should be produced. The increaseater productionwould lead to morevear and teaon the
plant over time. With morgvear and tear more problems will occur and this leads to a elesed
production capacityventually resulting in a lowg@roduction rate




Loop B4 : Maintenance

When wear and tearincreases, more plannadaintenancewould occur. The side effect of
maintenanceis similar to that of regeneration in that theirtrmeeds to be shut down while
maintenance is conducted and this decreases pratuction rate

Loop B; indicates what will happen when no regeneratidtedaplace, leading ultimately to a
decrease irproduction rate The regeneration cycles, loop, Bchanges the resulting loop and
increases theesin efficiencywhich ultimately leads to a sustainalgeoduction rate.The same
principle accounts for the wear and tear which witimately result in a decrease in production,
indicated by loop B3, bunhaintenancecounters thevear and tearand leads to a stabfproduction
rate, loop B,.

C. Simulation Model

1) Basic Simulator

Currently there is an MS Excel file that was crdatyy senior engineer in Eskom (Chemistry
Department), Dick Cramer (Cramer) which requires plower station operators to take account of
their demin water production and power station oamgion so that the MS Excel calculations can
make a projection of the future level of the destiorage tanks. The basic structure can then lve see
in Error! Reference source not found.. There are three trains (green blocks) that eaotduge
demin water. They are then summed in the cumaegtroductionError! Reference source not
found..

Previous ank
Tank volumes
Level m3

[%]

Figure 5: System Architecture Map

The station consumption is introduced as the rextkbland the difference between the station
consumption and the cumulative production is thea gashortfall, in orange. The projected level is
then calculated by using the gain/shortfall, prasidevel and tank volume. The formula is given
below:




. Previous level X Tank Volume)+ Gain or Shortfall .
Projected level = ( ) ! Equation 1
Tank Volume

The demin water available is a conversion fromgmtgd level. The simulation was then expanded fiene

to compensate for a few other concepts mentionétkifollowing sections.

2) Status of Demin Train

Each train has a certain status. According to #sgth philosophy, one train should be online, the
next on regeneration and the last on standby. dlityethis is not done due to the demin water
consumption rate being too high and the demin wateduction rate being too low. In this section,
each state will be defined. The information wasawotg#d by having contact sessions with the
customer (Marais, 2014)

Online: This is when the train is operating at normal cégaand purifying water at a relatively
constant production rate.

Regeneration: When the train has been online to the extent dnat of the exchange units starts
leaking (exhaustion), the train is put on regen@natThe anion, cation and mixed bed each have
their own regeneration duration. The anion andoawill be regenerated regularly while the mixed
bed will be regenerated less often due to mosh@fiadns being exchanged in the anion and cation
exchangers. Another type of regeneration that doéfvolve the ions attached to the resin is brine
washes. After about every tenth regeneration cymlime washes should also be done. The main
purpose of brine washes is to remove the organi@afds in the demin train. If this is not done, the
throughput of the demin train drastically falls amecreases the online time. During operation the
conductivity of the water produced by the trainneasured regularly and if the conductivity
increases above specifications regeneration ist@i. While regeneration is occurring the traifl wi
not produce any demin water.

Standby: This state is when the train is ready to go onlimeeded but not yet required. The main
function of this state is to serve as a backup wdrasther train enters regeneration or maintenance.
This state does not produce any demin water.

Awaiting Regener ation: This state occurs when a train needs to go irgermeration but cannot, due
to equipment or regenerant unavailability. Mostigtes, like Duvha, can only regenerate one train at
a time and when two trains need regeneration thie svill come into play. During the awaiting
regeneration state no demin water is produced.

Maintenance: This state is when planned or unplanned maintenamgst be done on the trains.
Planned maintenance may be to replace the residsbies one of the exchange units, while
unplanned maintenance could consist of unclogduegstrator when resin beads get stuck in them.
Again, no demin water is produced during this state

Brine Wash/Cleaning Process. Organics in the water accumulate in the aniomrasd to remove
these organics, brine washes have to be condusteshg brine washes the column is flushed with a
salt solution. The cation resin can also accumabstances and to remove them, they also undergo
a cleaning process.




To better understand the flow of each state, alfieg decision tree was created to illustrate how
the states are decided on. This can be seen i Fig.
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Figure 6: Decision tree related to different status

Demand from Power station

The demand from each unit of each power statidiffisrent and is influenced by many factors. The
main factors that lead to increased demand fronpdieeer station will be defined as follows (Marais,
2014):

Blow downs: In stations with drum boilers, the liquid getsicentrated with ions as the cycles
of operation increases and results in blow dowhg Water lost due to blow downs, must be
made up by the demin water and increases the defrandhe station.

Condenser tube leaks. Condenser tube leaks result in raw cooling watetaminating the
high purity water/steam and the quality of the wadecreases. This decrease in quality
increases the need for blow downs as indicatedh@yptevious point. The conductivity of the
water in the condenser tubes could be about 300€mu®hile the requirements in the steam
cycle is less than 0.08 uS/cm, indicating that evemall condenser tube leak results in blow
downs (Marais, 2014).

Steam and water leaks: Across the power station, there are leaks tl@ease the demand of
the station.

Control & Instrumentation problems. Sometimes the control and instrumentation is not
functioning properly, especially after refurbishrtgeaf the controls or maintenance on valves,
where a valve was not properly closed. This resnltesses of water and increases the demin
makeup water requirements.

Boiler tube leaks. Leaks can take place within boiler tubes. Theakdeause water to be lost
and the makeup water must come from the demin,@arthe demand on the production plant
increases.
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» Soot blowing: To remove some of the ash on the boiler tubeapsts used and the lost steam
needs to be replaced by demin water.
* Return to service (Light-ups): Demin water is required to clean, dump and réfid boiler
tubes. The amount of water used for this is detegthby the type of startup:
= Hot Startup: Requires the least amount of water since theesyst closer to
steady state conditions.
= Cold Startup: Requires more water to reach steady state.
. Condensate Polishing Plant (CPP): Demin water is used to transfer the resin from
the CPP to the condensate polishing regeneratiant.pThis also contributes to the power
station’s consumption of demin water.

D. Assumptions

e Water quality is not a major factor that will inflnce the production of demin water in this
simulation and can be compensated by changindhtbedhput of the vessels.

* When regeneration is completed, it is assumedtiieathroughput is fully restored.

« The maintenance defined in the simulation is ma@mee that will be done excluding
maintenance that will be done simultaneously wétipeneration or any other state.

E. Decision Rules

* The simulation will set the train’s status to au&titally go into regeneration state if the
maximum throughput of the status is reached andther state has been defined previously. If the
station cannot accommodate simultaneous regeneratid another train is being regenerated, the
train will enter the awaiting regeneration step.

« The train will automatically go into the online ®aif no other state is specified and the
maximum throughput on the train has not been rehche

* When the demin storage tanks are full, the staittiseotrains will be changed to stand by.

» A simulation time of 96 hours has been used.

F. Testing

The simulation has not been tested against reaatpe, but it does import most of its data frore th
user and builds simulation scenario on this balisis the data that is fed into the simulator will
ensure that the results are accurate. Currentlythall values used in the simulation are purely
theoretical and should not be considered as opeagdti

G. Model Structure

A selected section of the system dynamics modébée Stella can be found in the Appendix as
Figure 12. This structure shows that the statusishpartly defined by the user will start the aeli
stock counter. When the throughput is reachedtrdia will be put offline and the regeneration
process will start which can be found in

Figure 13. When the regeneration is complete, therfRegen Completevariable will reset the
online structure and the train can be put backnenlThe factors that are mentioned in Section &, pa
2, are built into the model and when these asp#etsnaintenance takes place, it will put the train
off line. When the train is online, then it willguuce demin water and contribute to the projected
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levels. The consumption of demin water is alsotbaid consists of Section C, part 3. The
consumption and production of demin water is saeghe projected levels as discussed in section IV.

IV. RESULTSAND DISCUSSION

The simulator was not completed when this paperwr#ten but some scenarios could already be
generated from the simulator from the single tthat was simulated. The predefined variables are
given in the table below:

Table 2: Input Variables for simulation
Variable Value \ Unit

Duration of Maintenance 14 hres
Duration of Cation Regen 9 hrs
Duration of Anion Regen 12 hrs
Duration of Mixed Bed Regen 20 hrs
Duration of Brine Wash 17 hrs
Duration of Specialised Cleaning 12 hrs
Duration of Full Regen 30 hrs
Duration of Cation and Anion Regen 15 hrs
Throughput of train 7000 m®
Total Base Consumption 70 m*/hr
Train flow rate 20C m>/hr
Starting demin stor age tanks level 150 (300 %
max)

These variables are estimated, but variables ssidheathroughput of train and train flow rate are
closer to the actual station values according forination that is currently in use at the power
station. According to the theoretical planning skthe, at 20 operating hours, maintenance should
take place and at 40 operating hours, a brine waklbe required. Regeneration will take place
when the train is exhausted (throughput reached)tlaa first and second regeneration would be a
simultaneous cation and anion regen while the tlagen will be a full regeneration. The base case
scenario results for the cumulative productionticademand and projected tank levels can be seen
in Fig. 6. All the graphs for this section are give the appendix, on page 17 onwards.
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Figure 7 the station demand and cumulative prodnctialues are on the flow rate axis and the
projected level is on the percentage full level.eT¢umulative production falls to zero when
maintenance, brine wash and regeneration is dohe. station consumption is assumed to stay
constant with the exception that when regeneraiafone, a small amount of demin water is used
during regeneration. The projected levels thentdiate as the production of demin water fluctuates
between on and off.

A. Scenario Analysis

1) Changing the duration of anion and cation regeneration

The duration of the anion and cation regeneratias firstly altered from 15 hours to 10 hours and
then to 20 hours. The effect on the projected ewah be seen in Fig 9. In Fig. 9 it can be seah t
increasing the regeneration duration has a majmedse in the final projected level of the tanklevhi
decreasing the regeneration duration will increhsdinal projected level.

2) Changing the throughput

In this scenario, the throughput will be decreafedh 7000 ni to 6000 m and subsequently
increased to 8000 InThis was three different run times, so in eacthefruns the throughput was
different, it was not changed during the run. Ttieats of this change can be seen in the Fig.9.iWhe
increasing or decreasing the throughput the endevldr the projected levels are similar, but the
difference is observed during the time frame oféurs to 90 hours. When the throughput is
increased the projected levels are much higherwian the throughput is decreased. The start time
for regeneration is also postponed compared tobdee scenario regeneration start time. The
deviation in this case is a throughput of 1000and the effect would be more pronounced as the
deviation increases.

3) Changing the production flow rate

13



Since the supply of water is one of the main véembchanging the flow of the train from 206/

to 180 ni/hr and to 220 rihr respectively had the following effect on thejpcted levels that can be
seen in Fig. 11. It is clear that the increased flate leads to higher tank levels while the deszena

flow rate leads to a lower projected level. Theng®in the flow rate was 10% and this had a 15%
change effect on the final projected levels. Theatfwill become more pronounced if the time
proceeds, as can be seen in Fig.11, the initidkréifice between the three cases are small and
become more visible as the simulation progresses.

4) Increasing station consumption by light-ups

Light-ups (Return to service, explained in secti8) are some of the leading causes for the demin
stations to run out of water since light-up opemttonsumes high volumes of demin water. In the
current simulation, hot light-ups were based orasamption rate of 40 ¥hr per unit while cold
light ups consume an average of 68tmper unit. In this scenario, at the time of 4Qits, units will

be lit-up and be in that state for 24 hours. Thveoelld be two scenarios; the first would be the cold
light-up of 3 units and the second of 6 units. Tésults can be seen in Fig. 12. It is observed that
running light-ups drains the demin storage tankseexely fast, 80% level drop in 20 hours. In 24
hours with 3 light-ups, the tank levels fall frorB®%6 to 56%. The 250% (*1) is the sum of three
demin storage tanks percentages. With 6 light-hpséavels actually drop to zero which is a great
concern, since no available demin water could teadhits being shut down because there would be
neither makeup demin water nor light up water. Witenstation plans on doing a light-up, great care
should be taken to ensure that there is enoughndeater available to complete the light-up and this
is where this simulation would be of value. In tb&se it indicates that 3 units can be lit up while
units would diminish the demin water.

V. CONCLUSIONSAND RECOMMENDATIONS

The following conclusions were made from the result

» Increasing the regeneration durations leads toceedse in the final projected tank levels and a
decrease in durations a subsequent increase fiméherojected level.

» Altering the throughput does not necessarily chahgefinal projected tank level but a decrease
in the throughput would lead to a lower tank legiating a certain period of the simulation. It is
therefore recommended that the throughput be maedas high as possible, since this will lead to
less regeneration that needs to take place aneéragbility in tank levels.

» A change in the flow rate would initially result &ansmall difference in the projected level, but as
this change is perpetuated, the difference in #eelrase and the changed flow rate case becomes
more pronounced.

» This tool should be used when planning to do lighs; since it would be able to indicate if
demin water would still be available and how mamnyitau can be lit up before it becomes
problematic to complete the light up. It is reconrmahed that if multiple units need to be lit up, that
they be done in a sequence to prevent extremely bansumption which would lead to the
exhaustion of demin water.

» System dynamics was effective in designing a producplanning tool to enable short-to-
medium term planning of demin water.
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VIIl. APPENDIX - GRAPH RESULTS
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Figure 7: Base case scenario results
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Increasing throughput
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