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Abstract 
 
The Derceto pump scheduling optimization software package is a complex real-time and fully automatic 
pump scheduling system designed to minimize energy cost while maintaining water quality.  It is now in 
use in four large US municipal operations.  One application operates in the real-time electricity market 
and the optimizer is capable of making pump schedule decisions in real-time to optimize energy costs 
while not compromising operational requirements or water quality. The challenges overcome include 
generating 48-hour ahead schedules for over 80 pumps in less than 2 minutes using nothing more than 
standard office PC hardware and overcoming operator resistance to automation of critical distribution 
systems. Results showing the benefits of optimization including actual energy savings results and water 
quality improvements from four case studies are given. 
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1. INTRODUCTION 
Derceto software is a real-time supervisory program that attaches to a Scada system to automate a water 
distribution system.  It reads live data from the Scada system on current storage levels, water flows and 
equipment availability and then creates schedules for treatment plant raw and finished water flows and all 
pumps and automated valves in the system for the next 48 hours.  It achieves this in less than two 
minutes.  Every half an hour it runs again to adapt to changing conditions, primarily demand changes and 
equipment failure.  Controls are automatically initiated by Derceto allowing for fully automated 
unattended operation of even very large distribution systems. 
 
In July 2006 a fourth implementation of the Derceto pump scheduling optimization software was installed 
in a major city within the US.  The first system went live in July 2004 for East Bay Municipal Utility 
District (EBMUD) in Oakland California.  This was followed by systems installed for Washington 
Suburban Sanitary Commission (WSSC) in Maryland, WaterOne of Kansas City and Eastern Municipal 
Water District (EMWD) of Southern California.  Each system imposed unique challenges in creating a 
real-time water distribution optimization solution to reduce operational costs, mainly energy, in widely 
varying physical distribution systems with significant customization required.  The table below gives 
some indication to the relative size and complexity of these systems. 
 
System Pop. 

Served 
Reservoirs Pressure 

Zones 
Pump 

Stations 
Pumps Auto. 

Control 
Valves 

Daily 
Demand 
(MGD) 

East Bay MUD 660k 28 26 20 66 4 42 to 120  
Washington Suburban 1.6M 57 15 18 81 25 160 to 225 
Water  One, Kansas 375k 26 13 26 62 2 22 to 47 
Eastern Municipal 570k 25 3 26 84 11 48 to 105 
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In additional to the physical complexity of the distribution systems each client system had a range of 
unique features to optimize.  WSSC operate under real-time energy pricing, EMWD have gas 
reciprocating engine driven pumps in addition to electric pumps at most stations and WaterOne have only 
underground storage negating much of the ability to reduce electrical load through use of elevated storage 
to supply pressure when pumps are off. 
 

2. THE OPTIMIZATION PROBLEM 
A great deal of research and effort has gone into solving the problem of scheduling production and pumps 
in water distribution systems.  Most of this has been confined to academia although there have been a few 
notable attempts to create a commercial solution in the market place.  In the 90’s a group of US utilities 
got together to promote the idea of an Energy and Water Quality Management System (EWQMS) under 
the auspices of the AWWA Research Foundation.  This project led to a number of trials including two 
companies working with EBMUD and a Nevada water system amongst others.  Unfortunately none were 
successful and all have been subsequently abandoned.  There a few add-on packages for commercial 
hydraulic modeling programs that use evolutionary genetic algorithms to allow a competent engineer to 
make informed design decisions but none of these can claim to be targeting automatic real time control of 
a distribution system.  The rewards of getting it right are colossal: 
 

“The more than 60,000 water systems and 15,000 wastewater systems in the 
United States are among the country’s largest energy consumers, using about 
75 billion kWh/yr nationally—3 percent of annual U.S. electricity 
consumption." 
 
Electric Power Research Institute,  
Energy Audit Manual for Water/Wastewater Facilities,  
(Palo Alto: 1999), Executive Summary 

 
Most approaches to this problem show that significant savings could be made through appropriate pump 
scheduling decisions; especially when multi-objective evolutionary algorithms (MOEA) are used 
(Mackle, Savic and Walters, 1995), (Savic, Walters and Schwab, 1997), (Sotelo, Lücken and Barán, 
2002).  Typically energy cost savings of 10%, 15% or more are predicted.  The problem has always been 
one of implementation of these systems into real-world applications. Solutions based on MOEA have 
always suffered from relatively slow speed of solution, especially in systems with more than a trivial 
number of pumps. Solution speed increases non-linearly so that as pump numbers reach the range of 50 to 
100 the solution time can be measured in weeks or more.  This appears to relegate MOEA to design side 
problems or advisory systems rather than real-time automatic control.  Derceto has a linear increase in 
solve time with increasing problem size 
 
At the Computing and Control in the Water Industry Conference (CCWI) held in Exeter in 2005 the 
author published a paper on the use of a revolutionary new software application to solve this problem and 
detailed its implementation at East Bay MUD (S. Bunn, 2005).  Although the algorithm is proprietary its 
speed of solution is public domain.  Now with four major installations in the US there is extra supporting 
data on the speed of solution and the achievement of the objective to reduce distribution costs.  The 
solution speed is phenomenal, EBMUD solves a 24-hour schedule for half hour blocks in 53 seconds, 
WSSC do it in 118 seconds, Eastern Municipal in 47 seconds and WaterOne in 50 seconds.  These are 
orders of magnitude faster than MOEA based systems.   Computer hardware in all cases is identical, a 
relatively modest Dell 1850 rack mounted server with a single 3GHz CPU and 2 GB of RAM. 
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3. DEFINING THE OBJECTIVES 
Electricity is a major cost in water treatment and distribution systems, typically second only to labor 
costs.  Of this electrical cost pumping typically makes up 95% or more of all energy purchased by a water 
utility.  For these four major operations the annual energy bills were; EBMUD $2.7M; WSSC $8.1M; 
WaterOne $5.5M and EMWD $1.7M, with all using more than 95% of their respective figure for 
pumping.  Obviously reducing energy costs was a primary driver for these utilities, but not at the expense 
of increased operational risk or decreased water quality.  Any optimization system had to be able to take 
into account changing boundary conditions such as tank operational limits and plant production 
requirements.  There are always a substantial amount of constraints in any real world system.  These 
constraints included: minimum run times for pumps; minimum cool down times for pumps; minimum 
flow rates and maximum discharge pressures for valve stations; minimum and maximum plant production 
rates; pump station pressure rules such as starting smallest pumps first; pump stagger timing to prevent 
surge or hammer. 
 
Water quality rules are harder to set and quantify as the relationship between operational minimum 
storage requirements can conflict with the need to turn over storage regularly to reduce water age.  
Chlorine decay is closely tied to water age but also heavily affected by ambient temperature making it 
difficult to set hard and fast rules to guarantee a desired level of residual chlorine at all points in the 
distribution system.  Where rules could be established these had to be coded into Derceto as constraints.  
 
An interesting phase of each implementation project was the ability of the solver to determine the “cost of 
constraint”  as an output of the optimizer.  This allowed us to challenge some of the clients’  perceptions 
with hard data, and through this process some constraints were relaxed.  This seems a common issue with 
large utilities where over long periods of time operator preferences can get confused with hard 
constraints.  For example a large pump station may have a restriction that no more than three pumps can 
run at the same time, for valid reasons in 1980 when the station was built.  Over time with bigger 
discharge pipelines and more customers some of the discharge pressure issues will have disappeared, yet 
the maximum pump rule remains.  Derceto uses hydraulic modeling to determine the maximum discharge 
flows from a pump station over the day to stay within any pressure constraints.  This can shake loose 
constraints which are no longer valid. 
 
Having determined the physical structure of the distribution system, defined the pressure zones and 
selected the equipment that will be automatically controlled by Derceto, and having an agreed set of 
constraints an implementation project can proceed.  This customization and configuration typically takes 
three to four months followed by two months of extensive testing.   Testing is carried out on a faithful 
hardware duplicate of the clients Scada and telemetry system.  Real historical data is back-fed into the 
duplicated Scada system from a SQL database recreating exactly the conditions from any selected date, 
faults and all. It is against this realistic environment that testing has real value. 

4. THE DERCETO SOFTWARE SOLUTION 
While solving the very complex scheduling problem is of interest to many it is in fact only one part of 
many steps required to create a usable robust and fully automatic optimizer. The main steps are; 

·  Initialize any long term settings such as annual water extraction limits 
·  Read data from the Scada system, detect and correct any errors 
·  Set the target volumes required in storage to achieve security of supply and turn-over 
·  Read any changing third party data such as electricity real time prices 
·  Calculate schedules for all pumps and valves 
·  Write data to the Scada system to start pumps or open valves as required 
·  Update any analysis such as predicted demand, costs, water production estimates 
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Most steps in this process take a few seconds, the solver is still the longest step, but as shown is still fast 
enough to be run interactively.  The water distribution operators can view the Derceto predictions and 
outputs on a Windows based GUI thin-client.  In the screen shot below the top graph shows demand, the 
middle graph shows storage tank level and the bottom row of dots is the pump schedule. The yellow bars 
indicate current time; anything before the yellow bar is history, anything after is future prediction.  The 
predicted storage tank level rise in response to the pumps running (green dots) is evident. 
 

 
 
The Derceto operator panel, a thin client GUI which can run across low bandwidth WANs 

All four customers run exactly the same software.  The only difference is in the configuration of Derceto 
within a database.  In many ways this is similar to a commercial Scada system where exactly the same 
software is configured to suit the individual user environment. This substantially reduces risk since the 
same proven engine is being used by all clients. 

5. THE RESULTS 
At the time of writing this paper three of the systems are in operation with the fourth coming on stream in 
the first week of July 2006.  The results from the three systems are consistent with the expected outcomes 
calculated during a detailed design process.   
 
Derceto is designed to seek cost reductions in production costs as well as energy costs, however energy 
cost does tend to dominate.  For energy cost reduction it seeks savings in three main ways; 

·  Moving energy use into cheaper tariff periods, using storage to supply customers 
·  Reducing peak demand charges by limiting the maximum number of pumps at these times 
·  Reducing energy required to deliver water in distribution through running a pump or group of 

pumps closer to their optimal efficiency 
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5.1. Results for  EBMUD 
The system at EBMUD went live in July 2005.  In its first year of operation Derceto achieved 
independently measured savings of 12.5% to reduce the energy costs from the previous years $2.7M by 
$370,000. In its second year of operation it has done even better and looks likely to achieve nearer 
$500,000 in savings.  Mainly this has been achieved through moving electrical load within a three band 
tariff regime. Prior to Derceto EBMUD had already made a considerable effort to reduce energy costs 
through manual intervention by the operators, and had sliced $500,000 off their energy bill. They had 
built sufficient elevated storage to allow them to stop pumping altogether for a six hour peak tariff 
window of around 32 cents/kWh.  Derceto had to schedule pumps to move from two brief shoulder 
periods on each side of the peak, priced at 12 cents/kWh  to the 10 hour off peak night rate of 9 
cents/kWh. Even with this small differential in energy price the gains were significant. 

 
 
Make up of energy prices at East Bay MUD before and after Derceto 

Each pump station had multiple pumps and in some cases different sized pumps were mixed in to one 
pump station. This provides an optimizer with many options to deliver a range of flows into the 
distribution system.  Derceto solves the non-linear hydraulic equations to determine which combination of 
pumps will deliver the required daily mass-balance at the highest efficiency and lowest cost.  Even though 
EBMUD had spent quite a lot of effort improving pump efficiency Derceto was successful in reducing the 
total amount of kWhs required to deliver flow by 14% overall. At some pump stations it improved 
efficiency by more than 27% purely from selecting the right pump or pumps at the right time. 
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Efficiency gains of 14% overall were achieved in the first full year(2004-2005) of Derceto operation at EBMUD 

Quality improvements are harder to quantify.  EBMUD had three operational rules which they attempted 
to achieve under manual operation which they considered would improve water quality.  The first was 
smoothing the treatment plant flow rates, with only two rate changes per day. Smoother production flows 
allows chemical dosing to be optimized producing consistent low turbidity counts and stable chlorine 
rates at the plant clear water tank.  Derceto now consistently determines the two treatment plant flow rates 
through good demand prediction and sticks with these rates throughout the day. The second requirement 
was to deep cycle storage tanks to reduce average water age.  Being a mass balance tool this was an easy 
strategy for Derceto to achieve.  The third requirement was by far the hardest.  Where multiple tanks and 
pump stations existed in a cascade, moving up through pressure grades, EBMUD wanted all pump 
stations to run concurrently when the top tank needed water, so that fresh water would be delivered from 
the bottom of the cascade rather than aged water from an intermediate tank. Again this was achieved. 

 
Derceto succeeds in delivering fresh water to the top tank in a cascade system at EBMUD 

Water Quality Improvement Strategy
The Las Trampas Cascade

after Derceto

83%

17%

Cascaded

Alone

Water Quality Improvement Strategy
The Las Trampas Cascade

before Derceto

57%

43%

Cascaded

Alone
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5.2. Results for  WSSC 
This system has been in operation since June 2006. WSSC are almost unique in the US in purchasing 
more than 80% of their energy under real time energy pricing.  They are in the PJM (Pennsylvania Jersey 
Maryland) market and buy power directly through the independent market operator.  The rest of the pump 
stations ran under differing tariff structures from three separate energy supply companies. Obviously to 
automate pump scheduling optimization in a real time market means scheduling must be flexible and 
must be responsive to hourly energy price changes.  Derceto solving in less than two minutes makes this 
possible.  The operators were already achieving success in moving load at the major pump facilities in 
response to pricing for the whole year before Derceto was installed.  Within days of going live noticeable 
improvements in scheduling were evident.  In the first week savings of around $400 per day were seen at 
one pump station alone, using an independently produced very accurate baseline tool.  In the second week 
this climbed to $570/day and then just over $1000/day in the third week.  There are another 17 pump 
stations to measure.  The graph below was produced to show the operators when Derceto was making 
better scheduling decisions than they had traditionally achieved over a week. Blue bars above the line 
show increased savings, white bars below the line show when operators historically did better with each 
bar being a one hour block.  Diagrams like this were instrumental in explaining to operators why a fully 
automatic optimizer was required to extract additional cost savings. 
 

 
Hourly improvement in savings analysis in a real-time market for WSSC for the first week o June 2006. 

The WSSC distribution system was extremely complex with a very large number of uncontrolled pressure 
reducing valves making demand calculation and optimization difficult.  Storage in the system was limited 
to about 17.5% of daily demand reducing the ability to move load to cheaper periods.  The most complex 
constraints were around the two large water treatment plants where no more than four pump changes per 
day were allowed.  These constraints may eventually be relaxed to increase savings as a result of 
capital improvement projects already underway before Derceto was installed. 
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5.3. WaterOne of Kansas City 
 This system was potentially the most difficult to optimize.  The main water treatment plant operates with 
a totally flat energy tariff, with some time-of-use demand charges based on the highest demand in a 15 
minute period over a whole month.  To make matters more complex the highest summer demand set the 
demand penalty charge for the whole year, so a single extra pump running for 15 minutes could add 
$100,000 or more to the energy costs for the year. The pump stations out in the distribution system were 
under a completely different energy supply company’s contract, also with flat energy charges.  Just to 
make the problem harder still there was no usable elevated storage, all system storage was in underground 
tanks which had to be pumped out to supply customers. 
 
Derceto after 3 months of operation looks set to wipe up to $1M off the $5M annual energy costs through 
clever manipulation of the flows at each station playing one tariff off against another. During the peak 
time-of-use demand charge periods the treatment plant is not pumping to the customers, it merely 
replenishes its substantial in-ground clear water tanks.  Instead the many field pump stations supply 
customers since they do not have the same demand charges.  They drain down their in-ground tanks 
during the day.  At night when the demand charges no longer apply the treatment plant refills the field 
tanks draining the clear water tank in the process ready to start the cycle all over again.  The very large 
flows and very small tanks made the problem very difficult to solve as even a small error could cause a 
tank to drain or overfill in less than 15 minutes.  This is hard to handle in a solver working in half-hour 
time steps. 

 
Expected behavior of treatment plant clear water tank was to fill during on-peak periods (10:00 am to 8:00 pm) 
getting full by the end of this period. 
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Actual results from running system over one day show the expected behavior is being achieved. 

Results from the first three months of operation have been very encouraging with the anticipated counter-
cyclical behavior clearly evident in the tank filling regime where they are at minimum levels by 8:00 pm. 

 
Expected behavior of zone storage tanks was to drain during on-peak periods. 
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Actual results from running system over one day showing tanks draining during the day and filling overnight. Note 
that the green squares in the pump schedule at the bottom are bar graphs of variable speed pump set-points. 

It is interesting to note that this solution was not forced or guided, the solver found it on its own since 
Derceto does seek optimality.  Due to the very tight level constraints this system can occasionally, 
although rarely, take up to four minutes to come up with a solution.  

5.4. Results for  Eastern Municipal Water  Distr ict 
This distribution system also had a number of unique elements which required additional optimization 
routines.  By far the most complex of these was the use of gas reciprocating engine driven variable speed 
pumps. EMWD buy gas on forward contracts monthly, with variable pricing.  Derceto has to determine 
the likely consumption of gas based on its price so that a reasonable volume of gas can be contracted with 
risk as this is a “ take-or-pay”  contract.  Unused gas is lost as a cost.  Determining the most efficient 
operation of a gas engine driven pump is no trivial task either, however this was already partially within 
existing capabilities of the software as electric variable speed drives are relatively common.  The system 
goes live in the first week of July 2006; results will be presented at the 8th Annual International 
Symposium on Water Distribution Systems Analysis, Cincinnati, Ohio, 2006.  
 
Testing on the simulator which uses historical data and a Scada system show that Derceto is achieving the 
goals we anticipated.  Gas use will be reduced since it was previously mistakenly thought to be cheaper to 
use then peak electricity at some pump stations. Derceto determined the true efficiency of these pumps in 
$ per MG delivered and based on this selected electric pumps at those stations to reduce overall cost. 

Tariff Structure Historical kWh Derceto kWh % Change 
Off-Peak & Super Off-Peak Electricity 28471.19893 30341.73594 6.57% 
Mid Peak & Flat Rate Electricity 30915.59695 23550.91721 -23.82% 
Peak Electricity 9053.560417 9863.667908 8.95% 
Gas 52505.58301 46728.7084 -11.00% 
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6. OPERATOR INTERACTION 
One of the key difficulties in rolling out advanced technology into a conservative industry like a water 
company is getting buy-in from all levels in the organization.  Fully automatic control was feared by some 
within these organizations for a variety of valid reasons, mainly to do with safety, reliability and legal 
liability in the event of a problem.  Working through these issues was a major step in each project.  
Operators know the systems they work with very well, including the many foibles and little understood 
constraints in the system.  Extracting this information not only produces a more robust solution, it also 
draws operators into the project resulting in greater comfort levels and interaction with the optimization 
experts.   
 
There have been anecdotal reports on why MOEA has not been taken up more rapidly in the engineering 
design community.  Stories of results showing a 4”  pipe to run in parallel with a 96”  pipe are probably 
apocryphal but have rightly or wrongly given the impression that these techniques blindly produce results 
which may have little validity in the real world.  It is a major step for a water utility to then take on such 
advanced techniques to actually control their distribution systems fully automatically. A leap of faith is 
required which is only likely to occur when these system become much more commonplace in the 
engineering office. 
 
The Derceto solution is far more pragmatic and provable.  It was created by the 74th largest international 
engineering company in the world. With six current reference sites and growing it is at the forefront of 
introducing practical optimization software into a conservative industry. 

7. CONCLUSION 
The benefits of effective pump scheduling have long been discussed and calculated in the academic 
world.  Reduction in energy costs of 10%, 15% or more are predicted.  Theoretical analysis often shows 
just how these gains could be achieved for any particular water distribution system, with a known demand 
profile and equipment availability.  The capability of MOEA systems to calculate schedules is also widely 
known in the academic community.  It is the failure of these techniques to make significant inroads into 
the deeply conservative water distribution industry which concerns many.  Making a better mouse trap 
does not mean the buyers will come. 
 
Derceto shows that real world energy cost reductions of this magnitude are achievable in practice, without 
substantially increasing risk or reducing water quality.  In fact the opposite appears to be true in as much 
as a fully automated system tends to stay within its operational constraints as much as is physically 
possible.  The ability of computers to solve the enormous number of simultaneous non-linear equations in 
near-real time makes it possible to consistently deliver water to customers at lowest cost while improving 
water quality and reducing breaches of operational constraints. 
 
Solving the mathematical equations is only one part of the problem; convincing a skeptical  client to make 
the leap of faith required to install such a system is the true hurdle we must all help them jump to be 
successful. Having credibility in the market comes from understanding the industry or aligning with 
someone who does, such as a major engineering company. This has helped one large Australian MOEA 
based design tool for example.  As more optimization systems are delivered and installed successfully it is 
reasonable to assume that the forward thinking handful of water utilities will be joined by the great 
majority who will follow the “best practice”  bandwagon.  This can only be good news to the optimization 
community in general.   
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