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Abstract

As the eectricity industry continues deregulation, utilities, with proper planning, can
effectively manage procurement on the real time market to minimize energy costs while
maintaining production demands and assuring reliable operations within defined boundary
conditions. The water industry is in a unique position to benefit from deregulation, with its
capacity to pump and store water when electricity cost is low, and draw down by gravity
when cost is high.
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1 INTRODUCTION

As arule, dectricity consumption is the second highest cost for water distribution companies
behind labor. The price of electricity isaso rising a afar higher rate than labor costs making
it likely that it will become the dominant cost in production and distribution of water in the
near future if it is not already at that position now. The nature of the electricity market is
changing dramatically in most states under the guidance of the Federal Energy Regulatory
Commission (FERC) with the intent to deregulate the energy market, and possibly the
transmission and distribution markets as well. A working understanding of concepts such as
Locational Margina Prices and both Rea-Time and Day Ahead Pricing are going to be very
important both to the procurement team at water utilities to best manage the purchasing
process and to the operations and planning teams to leverage the market when scheduling

pumping.

A prime requisite is educating the respective personnel responsible for procurement and
operations to understand the electricity industry reference framework and jargon for how
electricity is priced and the options available in a consistent way so fair “apples with apples’
comparisons can be made between competing offers of supply. This paper is a primer on the
terminology in use and options generdly available throughout the US with particular
relevance to water distribution systems. The authors aso present some methods for reducing
risk in the energy purchasing process by optimizing the energy load-profile to match financial
incentives set by the energy companies.

"The more than 60,000 water systems and 15,000 wastewater systemsin the United Satesare
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 | nstitute, Energy Audit Manual for Water/Wastewater Facilities,
(Palo Alto: 1999), Executive Summary.
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1.1 Energy Market Fundamentals

Before studying the details of electricity pricing it is worthwhile to gain some understanding
of how electricity is supplied to you, the customer. There are three main components
constituting this supply path.

Generation — the source of electrical power. Generation of eectricity can be by a
mixture of coal, gas, nuclear, hydro, wind, etc

Transmission — the electricity generated has to be delivered over long distances to
customers. Thisis done at very high voltages to reduce losses

Distribution — Thisis the company you normally deal with. They, reduce the high
voltages used in transmission to more usable val ues at sub-stations, and distribute to
your facilities. They also meter and bill your energy use.

Deregulation of all three of these components is the ultimate goal of a free market.
Deregulation of generation is by far the easiest and most straightforward step to take and so in
general when referring to a State as being deregulated, this often only refers to generation.

There aresix major cost components of an electric supply charge assessed for a retail
customer in a deregulated market. These cost components are generally the same for the any
retail customer who has two choices to purchase power in the market:
(a) purchasing from athird party supply contract
or
(b) opting for aprovider of last resort service from a utility

What differentiatesthese two options are the pricing products that are offered by the
unregulated and regulated entities

Generation Supply

This includes market clearing hourly locational margina prices (LMP); capacity obligation
costs [based on previous summer coincident average peak load during five highest market
peak loads); and energy congestion costs. The capacity cost is priced on a per MW day basis
and cleared through either a daily or periodic multiple month auction in the market. In some
cases the values can settled in a bilateral arrangement between supplier and customer.

Network transmission

The utility (that serves the retail customer) owned network transmission facility costs which
vary according to the capacity obligation [based on previous summer average coincident five
highest peak loads during the utility peak load). These charges are regulated by FERC
and assessed the retail supplier who in turn passes these costs to the retail customer.

Ancillary Charges

These costs are assessed to a retail supplier who in turn passes these costs on to the retail
customer, they include (a) regulation and frequency response service, (b) scheduling system
control and dispatch, (c) transmission owner scheduling, system control and dispatch service,
(d) reactive supply and voltage control, and (€) operating reserves. Some of these costs are
market based and some are fixed and subsequently regulated by FERC.

Wholesale & Retail Adders

Margin assessed by the wholesaler to the retail supplier for sale of power and margin assessed
by the retail supplier for its back office costs (billing and supplier coordination) and risk
management. All of these margins are passed through to the retail customer.
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Didtribution

Costs assessed by the local utility to distribute power from the substation to the meter of the
customer. These costs include wires and any non by passable regulatory charges like
decommissioning charges and/or competitive transition charges. All of these charges are
regulated by the local public service commission.

L osses
All of the above costs are adjusted upward for losses of energy from the generator to the
meter.

1.2 Terminology

It seems that every industry creates its own specific jargon and acronyms to quickly describe
complex concepts, and the energy industry is no different in this regard. The terms in
common usage in the generation sector are actually the easiest to understand. They sell energy
in units of a megawatt hour (MWh). A megawatt (MW) is enough power to supply 700
average houses. The price a which a generator can sell that electricity, if not set by
regulation, is determined by consumer demand. Demand for electricity is very dependent on
the time of day, the day of the week (e.g.: weekday vs. weekend or holiday) and the season. It
is only determined by the cost of production in as much as a generator is reluctant to
participate in the market if a profit cannot be made above the cost of generation, although in
some cases a generator may have some incentive to generate at aloss.

Transmission of electricity refers to the delivery of eectricity at high voltage and long
distancesto aLocal Distribution Company (LDC). A transmission utility must assure that the
installed capacity of the lines which will carry the electricity will met peak consumer
demands as well as maintaining stability of both frequency and voltage on their networks.
They therefore are interested in peak instantaneous electricity demand, measured in kilowatts
(kW) just as much as they are in making a margin on the energy sold on energy passing over
their lines. The transmission company will charge the LDCs differing prices for energy
depending on where the take-off point is on their distribution system and aso charge for
demand hence the demand charges component of almost all electricity bills.

Distribution of electricity is left to the local distribution company. They are the front-line for
most customers and are responsible for connection, metering and billing for electricity
consumption. In a deregulated market they still have involvement as they own the physical
lines that get electricity to a customer and they therefore have similar financial heeds to meet
when setting prices for demand and energy as do the transmission companies. Electricity bills
in a deregulated market can therefore be very complex with a large number of separately
identified items relating to demand and energy. The local distribution companies often also
have local and city taxes to add. A common itemized addition to a bill is the recovery of
historical costs for assets bought and installed before deregul ation for which a future return is
no longer guaranteed. These so called “stranded costs” must be cleared from the balance
sheetsin afair and equitable way.

When thinking of Demand charges, based on kW, and energy charges, based on kWh, a
common analogy may help. An automobile dashboard can be envisioned to illustrate the
difference between kW and kWh. If kW is represented by the instantaneous speed of your car,
then kWh would correspond to the mileage traveled as measured by the odometer.
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1.3 What DoesthisMean to the Water Industry?

As a rule, the largest user of eectricity in water and wastewater operations is pumping.
Typically 94% of al energy purchased by a water utility ends up being used to pump water
with the remaining 6% covering office and administration uses.*

Other (HVAC .

' Backwash
Raw Water Lighting etc), 6% o 5;8 ks
Pumps, 31%

High Zone
Pumps, 21%

Main Zone
Pumps, 37%

Figure 1: Energy use profile of a large water utility in Maryland

What makes water distribution particularly interesting from an energy standpoint is that in
generd it is not possible to store electricity; it must be generated at the same rate at whichitis
consumed. The water utility is a striking exception to the above rule, with the capability,
within constraints, to shift electrical demand.

Demand for electricity is relatively inelastic; consumers expect that there will always be
electricity at the socket and use it regardless of system constraints. This creates a volatile
market, since any shortfall in generation may lead to rolling black-outs or voltage dips as a
way to balance supply with demand. In the real-time electricity market this also leads to sky-
rocketing rea time prices during shortfalls, as evidenced in some ways by the Californian
market although this was more a result of gaming the market by a few unethical companies
rather than true imbal ances.

In general if generation exceeds demand, and it generaly does, then a natural balance is
reached through market forces of supply versus demand. The bid price to supply electricity
offered by the last generator to enter the market sets the electricity price for everyone. Thisis
called “setting the margin” and this varies during the day since cheaper nuclear and coal
generators can be at the margin during low demand night periods and more expensive thermal
generators brought on line during peak parts of the day. Generally this price is set by coa
fired plants in most US states but is increasingly being set by gas fired generators at prices
nearly double that of coal. Put another way, if coal fired generation stations set the margin
40% of the time and gas sets the margin 60% of the time the average price would be much
higher than if the ratios were the other way around.

What makes water utilities amost unique in this mix is the inherent operational flexibility
allowing them to store electrical energy as kinetic energy by filling elevated storage when
electricity prices are relatively low and letting gravity supply customers and keep system
pressures acceptable when electricity is expensive. This also makes water utilities a desirable
customer for a generation company, especiadly if electricd demand can be reduced

! There are notable exceptions such as ozonation or UV treatment processes which can be major
electricity users.
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significantly at short notice. This would be of greater value in a truly deregulated market
where the generator dea s directly with the customer rather than through an LDC.

2 THEREAL TIME ENERGY MARKET

There are a number of real-time energy markets operating very successfully in the US. The
largest and most established of these is the Pennsylvania Jersey Maryland (PIM)
Interconnection, a Regional Transmission Organisation (RTO). PIM, acting neutrally and
independently, operates the largest competitive wholesale electricity market in the world. In
this market there is a plethora of options available to customers. The way customers are
offered this range of options generally applies anywhere a deregulated market existsin the US
and is therefore worth analyzing in alittle more detail .

When a customer decides to investigate the deregulated energy market within a state the first
thing you find out is that you don't have to do anything at al if you do not want to. Your
existing supplier is awaysthere. Their roleis called the Provider of Last Resort (POLR) and
in many cases they are an appropriate way of purchasing eectricity for small accounts. If
however you have some control over when you use electricity, such as a water utility, then it
isamost always better to investigate some form of Time-Of-Use (TOU) energy tariff. Thisis
where a Loca Distribution Company provides cheaper pricing for electricity during well
defined periods of the day, generally the night and weekends. For mid-sized accounts TOU
tariffs provide a good blend of financia incentive for moving electrical load around during a
24 hour day while being relatively easy to deal with in terms of budgeting and hilling.
However, and it is a big however, TOU tariffs always contain some element of risk margin to
the LDC since, although they may be charging set on peak and off peak rates per kWh in the
tariffs, they are purchasing energy on the wholesale market at fluctuating rates. As they do
not want to risk overexposure during some of the volatile periods they will set good margins
in the TOU rates to assure profitability under all but the most extreme market fluctuation
conditions.

On very large accounts, such as major pumping station and treatment plants it is often
advisable to take this risk on directly, bypassing the LDC and dealing with an Energy Supply
Company (ESCO) directly. This implies an ability to control your electrical load precisely
and promptly in response to electricity price signals. The benefits can be very significant,
with very cheap overnight power available at rates far below TOU tariffs. In fact it isnot at al
unknown for electricity prices to drop to zero, free power, during off peak periodsin the PIM
market as a result of coa plants trying to keep from shutting down overnight. You are
however still subject to adders and costs from the LDC due to demand and installed capacity.

21 Energy Costsin a Real Time Mar ket

A generator will sell you electricity under a variety of contracts. It is possible to
simultaneoudy purchase under any or al of these mechanisms and to periodically change or
renegotiate procurement strategies in response to market trends and production reguirements.
For example, if long term fixed contracts suddenly become very cost effective this may
dramatically alter the makeup of a procurement scheme. Y ou have, of course to be aware that
the generators know more about the market than you do and would have reasons for dropping
prices such as being aware that a significant new low cost generation plant is about to come
on line and wanting to lock in relatively good prices before this happens.

211 Purchasing Energy Blocks (Hedging)

A generation company normally prefers to enter into long term fixed volume contracts. For
example, you agree to take X megawatts at Y price for the next 6 months. This gives them
some certainty in the market for which they may offer an incentive such as a reasonable
discount on TOU rates. As a purchaser you can buy “blocks’ of power in units of MW from
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one or more suppliers. Further these do not need to be set at a constant for the whole day. It is
very common to buy some base rate blocks for twenty four hour by seven day consumption
(24 x 7 block) then buy smaller blocks of peak time electricity to make up the total load
profile that you consume. An example may be a 16 x 5 block of 3 MW meaning a block has
been purchased for a 16 hour nominated time each day excluding the weekends. An ESCO
would normally determine the best strategy for buying blocks of power and the trigger price
at which offers should be accepted from the market. Any energy requirements above or
below the committed block value is purchased or sold respectively at the real-time market
rate.

Figure 2: Block purchasing energy with actual load profile overlaid (black line)

By using block purchasing, a hedging strategy can be put in place to give some price certainty
in a volatile market. There are problems with this approach, not the least of which is that
electrical load typicadly correlates with water demand. For example, on hot days, the power
grid will be stressed due to excessive use of air conditioners, and the water system may be
stressed by use of water for irrigation. Knowing how much water will be used at some future
date implies knowing the weather at that date with some certainty. It is tempting to be very
conservative and purchase blocks more than sufficient in size to cover any eventudity,
however there is generally a premium to be paid in the price for these blocks above the real -
time market prices.

Figure 3: Hedging contracts have been useful for controlling costs for a Maryland Water Utility
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2.2 Purchasing on the Day Ahead or Real Time Market

If a long term hedging arrangement is not used, or does not cover the total power
consumption requirements, the balance must be purchased at the market rates at the time the
power is consumed. There are commonly two alternative options; purchase on the day ahead
market or purchase at real-time spot prices.

The day-ahead market is one where customers and suppliers bid via an Independent System
Operator (ISO) to reach settlement if possible on contracts for the following day. Typicaly
this market closes at about 4:00 pm with agreed prices and contracts in place for the next
business day. In this market it is possible as a consumer of power to set a price at which you
would close a firm contract for your load profile tomorrow and have a generator accept your
price. The energy market is complex so you as a customer are not always at a position of
strength in this arrangement since the generators have a far better handle on likely prices
tomorrow when judging whether to accept your bid. There is always the strong possibility
that no-one will accept your contract if they think they will earn higher prices for their energy
tomorrow or conversely, your may be snapped up if your bid price looks too high right now.
A good ESCO can help you with this process.

Pepco Day Ahead Prices
Jun 04

Price (SMWh)
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Figure 4: Real time prices for every day of June 2004 are significantly cheaper than the Sandard Offer
of Service tariff shown in the heavy blue line

The most common market is the real-time market. Here no fixed contracts are in place and
you pay the real-time price for energy posted by the ISO. Thisisthe margina price aready
mentioned earlier. Prices are displayed in real-time on the Internet or via a dedicated
communications link with 5-minute prices and hourly moving averages. Thisis not the price
you will actually pay however. The actual price, caled the reconciliation price, takes alittle
longer to work out and may not be avail able until the following day or even later. So how can
it be that you see a price on a screen and it’ s not the actual price? The answer isthat it takes a
while to balance supply and demand. Generators bid to supply electricity into the grid based
on these price signals but demand may increase or decrease quickly. If there is a large
number of generators who are willing to supply the market the price will reflect the lowest
cost bidder into the market at the margin. If on the other hand there is a shortage of
generators and extra load must be supplied the price will rise until the load is satisfied by
higher bidding generators.

It is not possible to smply switch some forms of generation on or off at a moments notice and
this of course can create short term volatility in the market. The worst case scenario is an
unexpected trip of a mgjor generator creating a shortfall in supply in the market that can only
be filled by accepting very high bids to supply from generators who can rapidly enter into or
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increase power supply into the market to compensate for the shortfal. If the prices remain
high the cheaper sources of power will generaly enter the market and bring the price down,
however thisisn't alwaysthe case. The larger the market, the less volatility you would expect
although there will always be localized constraints that can cause localized high prices.

In genera the best rewards are obtained by purchasing on the real-time market but this carries
the most risk. Anyone who can control load by moving it around in time can take advantage
of electricity pricesfar lower than Standard Offer of Service including Time Of Usetariffs for
off-peak use.

2.3 Demand chargesin the Day Ahead or Real Time Market

Demand charges do not disappear just because you are purchasing on the real-time or day
ahead market. Your LDC will still need to pass on transmission charges and their own
charges to you, the customer. Under a Standard Offer of Service contract these demand
charges typically apply to the highest 15 minute kW demand in amonth. By way of example,
if you normally run only one pump at a station but are forced to run two pumps, even for a
relatively short period, this condition will set the peak demand for determining the monthly
demand charge. Demand charges can make up 40% or more of your energy bill.

The way these demand charges are applied when in the real-time market is derived from the
very highest demand hours on the transmission and distribution networks. In the PIM market
the five highest hours of eectrical demand for the year are recorded. Y our actual load during
these five hours, your Peak Load Contribution (PLC), is then measured and a charge per MW
of load is applied to cover your total annual demand charge. This is a substantial cost; in
2004 for example it was around $15,000 per MW. In a completely separate exercise your
LDC will record the five highest demand hours in your localized area of power take-off and
look at your PLC during these hours. It is unlikely that the transmission hours and distribution
hours are identical. You will then be charged per MW of load a a rate comparable to the
transmission charge.

There are of course two magjor problems with this approach. The first is that nobody can
predict which five hours are the ones to avoid until after the fact and secondly, this year's use
of power determines next years demand charges. The PIM will advise when they think a
peak day may be about to occur but cannot be specific and cannot know themselves if it was
truly a peak day until the end of the year. 1n 2005, peak day warnings occurred more than 20
times with no indication of which hour to avoid. Reducing demand charges is therefore
complex but can be done. Typically the real-time price for electricity risesto very high levels
during exceptional demand days. Any load management system that responds to rea-time
prices will aready be reducing load as much as possible in response to the kWh pricing
signals and therefore also reduce the demand component leading to subsequent benefitsin the
following year. It is aso possible to hedge this demand charge by purchasing demand
capacity in a competitively bid market. Y ou may for example agree to accept a hedge for 20
MW of PLC at afixed rate. If your demand is lower you lose out, if your demand is higher
you pay the difference at the applying rates. This approach does give some certainty on
demand costs and can be spread out over the year so it is incorporated in your monthly
electricity hills.

3 ENERGY USE IN PUMPING

With electricity being the second highest operating cost and pumping dominating how energy
is consumed it would be reasonable to think that a significant amount of effort is made to
procure and install energy efficient pumps. In a European study [European Commission
(2001)] of thousands of centrifugal pumps used for treated water pumping it found that
electricity charges contributed 85% of the lifetime cost of the pump, maintenance 10% and
the purchase price was only 5%. They also found that purchase price and delivery made up
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90% of the reasons why a particular pump was selected. In a separate UK study by a pump
efficiency monitoring company they suggest that in fact 95% of the lifetime costs for a pump
are energy costs with only 1% being the purchase price the balance maintenance. Both studies
found very little if any attention was paid to the efficiency of the pumps being compared. The
European Commission further found that there was no premium paid for more efficient
pumps yet these were not selected due mainly to confusion on how efficiency is defined. This
isin fact a very serious problem in the industry. Anecdotal evidence suggests that a great
majority of water distribution pumps are not operating on or near their best efficiency point.

3.1 Understanding the Best Efficiency Point

The characteristics of atypical centrifugal pump are non-linear and the operating point of a
pump may differ significantly from its name plate rating. In the diagram below the
characteristic curves for the most commonly used water pump, a double entry split case
pump, are shown. The desired operating point for the pump is where efficiency it at its
maximum and is called the Best Efficiency Point. (BEP).

Figure 5: Characteristic curves of a double entry split case water pump

Where a pump actually operates on its curve is dependent on the system curve, which is
determined by the hydraulics of the system the pump is installed into. The Total Dynamic
Head (TDH) across the pump sets the operating point and is significantly affected by the
water demand seen by the pump. Herein lies the problem. When specifying a pump for
purchasing long term water demand planning is taken into account since pumps generaly
provide reliable operation for 35 years or more. An engineer will take this into consideration
and specify a pump significantly larger than is required to accommodate current demand in
anticipation of future demand. This larger pump will in turn try and deliver higher flows
which will create higher back pressure on the pump and move its operating point to the left on
the figure above. Note how flat the head flow curve is to the left of the best efficiency point
(labelled as Design Duty in the diagram). Even a small increase in TDH can drive the
operating point way to the left. Now notice the dramatic drop off in pump efficiency as you
move to the left of the BEP. It is not uncommon to see pumps with a BEP of 85% efficiency
actually operating at 60% efficiency or lower when operating with only a slight increase in
discharge head over design..
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3.2 Prosand Consof Restricting Pump Flows by Technique

Where an over-sized pump isinstalled it is necessary to restrict the discharge flow to prevent
over-pressurizing the hydraulic network. High pressures create higher demand, a greater rate
of leaks, burst pipes as well as creating greater velocities and hence higher dynamic losses in
the pipelines. There are a nhumber of established techniques used to trim the output of a

pump.

321 Useof a Throttle Valveto Restrict flow

One of the most common techniques used to restrict flow is to add a throttle valve to the
discharge side of the pump. The valve is usually a butterfly valve with a locked actuator of
handle to hold the valve a a fixed opening position. It doesn't take much engineering
knowledge to realize that this low cost solution is not a good technical solution. There are a
number of problems. First a fixed position on the discharge valve is always throttling flow,
even when you do actually want increased flow. A pressure reducing valve which modifies
its head loss is much better than a fixed position vave, but also much more expensive while
also requiring substantially more room in the pump pit. Secondly a butterfly valve can have
significant wear through cavitation if it is required to create a significant head-loss to reduce
actual discharge pressure into the network. Even cheap valves become expensive when they
have to be replaced regularly. Thirdly and most importantly for this paper, these valves are
big energy hogs. An oversized pump with a throttle valve may use twice the energy or more
compared to an appropriately sized pump giving the same flow and pressure. That’stwice the
energy cost over decades of operation. That cheap butterfly valve doesn’'t seem so cheap any
more does it.

322 Usea Variable Frequency Drive on the Pump

This step is substantialy more expensive than a throttle valve but provides some significant
benefits. For pumps with motors in the 10 kW to 500 kW a variable speed controller is
reasonably priced. Larger motors running on high voltage supplies require variable speed
controllers which are significantly more expensive. A variable speed controller can also be a
substantial piece of equipment in its own right and needs space in the motor control center.
The advantage of variable speed to the pump isthat it is possible to run an oversized pump at
reduced speed to deliver reduced flows and pressures and at lower energy input.

Figure 6: A VFD motor driven pump uses less than half the energy of the same pump with a throttle
valve to achieve a reduction in flow rate
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This solution while better than a throttle valve does have a number of limitations. The VFD
is only effective over a limited range of speeds, typically from 70% to 105% of standard
motor speed. Below 70% the pump cannot generate enough head to provide flow, it stalls.
Above 105% the power required to drive the pump exceeds the motor rating. Of greater
conseguence to this paper is the fact that at lower speeds the efficiency of the pump can drop
off dramaticaly. A pump designed to run at 82% efficiency wire-to-water at its best
operating point may achieve only 50% efficiency at half its rated flow capacity. The rest of
the energy used isjust heating the water.

3.2.3 Trimming the Pump Impéellor

Another common method for reducing a pumps output flow and head is to machine the
impellor to reduce its diameter. In fact pump manufacturers sell various sized impellors to fit
into the same standard sized pump case to better match the desired BEP.

In general the larger the impellor in the pump case the greater the peak efficiency achievable
by the pump. Choosing an appropriately sized pump with an acceptable efficiency at the
expected operating point is still a better solution than trimming the impellor.

3.3 Barrierstoimproving the efficiency of pumps

In the European Commission study they identified a number of barriers to improved
efficiency in pump selection. A telling comment was their claim that “Contrary to initial
impressions, often it is the organizational and educational factorsthat are the main barrier to
improved efficiency, rather than technical or economic factors.” They divided barriersinto
three loosely defined categories.

Organizational Behavior

Many pumps are sold to intermediaries such as Distributors and OEM suppliers, who
are driven by customers to supply at lowest cost.

Within pump users’ organizations, the department responsible for buying the pump is
different from that paying the running costs.

Thereis often little visibility of the costs of pumping.

Fast turnaround on the repair of pumps means that often non-specialists undertake
repairsin apoor way.

Technical/Educational

There are trade-offs between efficiency and maintenance effort /safety requirements.
Uncertainty over system characteristics, and allowances for future plant expansion,
frequently mean that pumps are considerably over-sized for the duty.

Promoting improved efficiency of pumps should not be divorced from system
efficiency considerations.
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Pumps are often poorly maintained, and are not given attention until they start to
cause problems or stop working altogether.

Thereis considerable difficulty in measuring even the most basic of parameters, for
instance flow.

Inability to correctly choose pumps.

Scepticism over manufacturers efficiency data.

It is easier to replace a pump with the same type as before rather than re-assessing the
reguirement.

Misapplication can quickly de-grade the efficiency of a“good” pump.

Economic

For most users, energy saving is treated as if it islessimportant than either first cost,
ease of maintenance or reliability.

Total energy costs as a proportion of total costs may be too low to warrant any
significant effort.

Any energy savings made can be difficult to assess.

Acceptance tests to verify performance are only economic on larger pumps.

Lack of capital for purchasing new or more expensive pumps.

4 A SOLUTION TO CONTROLLING ENERGY COSTS

The energy market rewards companies who can control their load in response to pricing
signals. Water utilities are amost unique in having the ability to move electrica load by
filling storage tanks and using them like batteries when power is expensive. This ahility to
move load can generate significant savings in electricity costs, particularly when operating in
a real-time market but does carry some risk. It is prudent to employ pump scheduling
optimization software that is designed to mitigate this risk as much as possible before the
move to real time or time of use energy purchasing.

The key requirements for a successful energy procurement strategy for awater utility are;
A SCADA system with rea -time data on storage and flows plus the ability to
remotely start and control pumps and valves
Water storage in the system., This can be a combination of elevated storage, stand-
pipes, in-ground tanks and water treatment plant clear wells. The larger the capacity,
the better.
A real-time optimization software tool that can maintain operational requirements for
storage levels, flows, pressures, and water turnover, yet take advantage of storage to
move electrical load.

To make the pump scheduling optimization package successful the following requirements
are a so needed;
An interface driver between the SCADA system and the pump scheduler so data can
be sent back and forth including control requests and operator interactions or override
commands
A calibrated hydraulic model of the system with accurate pump curvesto alow
energy efficient solutions to be determined within operational pressure constraints
A water demand forecaster to project water consumption for the next 24 to 48 hours
and aligned to the day-ahead or real-time electricity market

The Derceto red-time pump optimization system has been installed to control all of
Washington Suburban Sanitary Commission’s (WSSC) pumps and treatment plants in May
2006. More than 80% of energy is procured on the real-time market with hedging contracts in
place for a varying percentage of the expected electrical load. The system has an input
connection to the RTO to obtain day-ahead and real-time pricing data and uses this to make
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pump scheduling decisions.  Since the price of energy is constantly changing, the solver runs
every 30 minutes to determine if better scheduling options are available and it then fully
automatically starts and stops pumps as well as controlling flow and pressure control valves.
It even sets flow setpoints for valves and variable speed pumps in the system.

5 CONCLUSIONS

Pumping costs are a very significant factor in the total cost of production and delivery for a
water utility. The electricity market is changing rapidly throughout the US with deregulation
of generation the most common outcome. Deregulated markets expose the customer to the
true cost of electricity including more specifically the fact that electricity costs fluctuate on an
hourly basis and there is reasonably consistent relationship between price and time of day.
By utilizing the water storage capacity of the distribution system to shift electrical load to
night hours, a utility can consume significantly lower cost energy than pumping during the
day. These costs are typically lower than the Standard Offer of Service available from a Local
Distribution Company.

Dueto historical reasons there is often significant inefficiency in the wire-to-water conversion
of electrica energy to water delivered. There is therefore opportunity to achieve energy
efficiency improvements in pump stations in addition to energy time of use savings available
from the way energy is purchased.

Figure 7: Energy efficiency improvements of 14% achieved for a major water pumping station at East
Bay MUD running under Derceto pump scheduling optimization software alone

The deregulated energy market should be attractive to any retail customer who can
automatically control their electrical load profile. Water Utilities fit this category as they
generaly have the ability to move energy through the day via use of their water storage
capacity. They aso have sophisticated SCADA systems allowing automation of the main
users of energy, their pumps. Implementing a real time pump scheduling optimization
package like Derceto can reduce the risks inherent with operating in a changing energy
market, especialy the real-time market and create a rapid Rate-Of-Return on investment over
typical Standard-Offer—of-Service contracts with local distribution companies.
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