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1 Introduction

In view of the globalization of industry on the one hand and the growing debts of public bodies
on the other hand, public bodies operating water and wastewater systems are increasingly
adopting entrepreneurial management approaches and ways of thinking.

One of the objectives of modern management systems is to provide management with steering
and decision-making tools. By developing a technical and economic controlling system including
appropriate reports, it is possible to counteract the growing pressure on costs.

A further step is to consider significant operating cost items such as energy, consumables
(precipitants and flocculants), repair and maintenance separately and to develop dedicated
management systems for these items with a view to reducing expenditure. As regards energy,
the objective of cost reduction is combined with the ecological objective of cutting emissions of
the greenhouse gas carbon dioxide.

All system operators participate in this general development process in accordance with their
size and their specific tasks. On the basis of general strategic goals, the main challenge is
always to develop specific operational tasks and projects adapted to the size of the organization
concerned and the resources available.

This presentation gives an interim report on the development of a technical controlling and
energy management system at the Wupperverband.

2 The Wupperverband as an operator of water and wastewater facilities in the
catchment area of the Wupper

The Wupperverband is one of the water associations of North Rhine-Westphalia, operating as a
public body under a special statute. The association is responsible for the river basin of the
Wupper, with a total area of 814 km2. The River Wupper is about 114 km long, drains the
northern part of the Bergisches Land region and flows into the Rhine near Cologne. Annual
precipitation in the catchment area varies from 700 to 1400 mm and about 900,000 people live
in the area.

Within the catchment area, the Wupperverband is primarily responsible for river maintenance,
low water replenishment and flood management. In this connection, it operates nine reservoirs
(one drinking water and eight industrial water reservoirs) and is responsible for waste water
disposal and treatment in part of the catchment area.

The Wupperverband operates 70 stormwater tanks — the last tanks upstream from the waste
water treatment plants, 60 km of sewers, 11 waste water treatment plants and a sewage sludge
incineration plant. The population equivalent connected to these systems is about 1.1 million.
The association has a workforce of 380 and receives contribution revenue totalling some 100
million euros.
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3 Elements of technical controlling

A technical controlling system determines at regular intervals key figures which are made
available to company management for steering purposes.
The prerequisites for the development of a technical controlling system are as follows:

¢ |Initially, a central process data system of adequate performance is needed.

e Then, the technical data must be linked with commercial data from the accounting
system.

o Areporting system must be established to present key technical and commercial data;
and

e A system for the determination of key operating data must be introduced.

3.1 Modernization of central process data system

In 2004, the Wupperverband launched a project for the renewal of its central process data
system. The old system is based on MS Access and was developed within the association step-
by-step over a period of 16 years. On the one hand, this system features data selection
mechanisms developed in accordance with operating experience. On the other hand, the
system is entirely overloaded.

The new system is to represent an improvement and to meet the following criteria:

e Complete central process data system for the wastewater sector, allowing the
simultaneous processing of continuous and laboratory data and integrating all data from
processing plants, stormwater tanks, sewers, the central laboratory and external sources

e Easy-to-use evaluation tool with graphics modules designed to reach a large number of
employees

e Capabilities for the rapid analysis of operating conditions for operational optimization

e Standard solution available on the marketplace with standard interfaces to external
programs

¢ Rapid development and production of standard reports to support the reporting system
and technical controlling.

The project, which was divided into three phases, is currently in progress and implementation is
expected to take about one year for each phase (see Table 1). Phase | includes the selection of
a consultant, the description of the actual situation, the definition of requirements in a working
group throughout the association and obtaining budget proposals to give an indication of the
total cost. Phase Il includes the preparation of a tender specification and the official tendering
procedure (in accordance with VOL, the standard conditions of contract for services to be
provided for public bodies in Germany). As of 15 September 2006, this phase had been
completed and the contract had been awarded. Phase Il will now include the installation and
commissioning of the system.

One interesting result of the tendering process was that the system required by the
Wupperverband was not available on the market as a complete unit. The systems available
could only meet about 80% of the specified requirements. Potential contractors considered the
approach for laboratory data selection and evaluation adopted in the old system to be highly
innovative. As a result, suppliers were prepared to invest in this aspect or to waive royalties with
a view to making their own products more attractive.

The positive result of these developments for the Wupperverband was that the final price was
about 70% below the price indicated in budget proposals. This clearly indicates that it can pay
to work intensively on the design and tendering of a system of this type. The total cost breaks
down into about 45% for system design and 55% for the system itself.
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Table 1: Project milestones for the replacement of the central process data system
Phase |Project milestones Time frame
Project definition and selection of consultat 3-4/2004

group

Description of the status quo of the various existing data system,
preparation of the catalogue of requirements / Development of
the product specification with consultant and internal working

7/2004 - 6/2005

Presentation of potential bidders and budget proposals

5/2005

requirement catalogue

Preparation of detailed tender specifications describing the

7/2005-4/2006

Call for tenders

5-9/2006

Installation of the adapted standard system
I

10/2006 - 3/2007|

Scheduled commissioning

5/2007|

Table 1 shows the time schedule for the various phases of the project.
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Fig. 1. Functional requirements for the design of the new central process data system

(LeiKon, 2005)
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Fig. 1 gives an overview of the general functional requirements to be met by the new central
process data system.

3.2 Development of areporting system

The reporting system for wastewater operations developed since 2003 has a three-stage
structure. Monthly reports in accordance with DWA code of practice M 260 are generated by the
process control systems of the waste water treatment plants and are used as a management
tool by plant management.

On the basis of these monthly reports, two-page quarterly reports are produced for each
treatment plant, using Excel. These reports cover the following items:

e Master data of treatment plant e Digestion performance
¢ Human resources data (working times, e Key sludge treatment data
absences, overtime worked)
e Calculated population equivalents e Key energy data
o Water flow rates, concentrations, e Precipitants and flocculants
pollution loads
e Nutrient conditions e Wastewater accepted for treatment
o Key data of activated sludge process e Disposal of residual materials and waste

o Effluent plots

These quarterly reports contain key technical data but no information on cost. The
Wupperverband is currently working on the expansion of these reports to include cost
information.

Once each year, a more comprehensive status report with about 100 pages is produced. This
covers current and historic development of key technical and financial data. The association
uses this report as a basis for its main wastewater business processes over the following year.

The Wupperverband sees potential for automating the reporting system within the new process
data system, in the definition and annual updating of key technical and economic indicators for
management and budgeting and in linking the technical process data system with the
commercial data system. The Wupperverband already uses a presentation software package
developed by MIK AG on the basis of SAP. In future, technical data from the operating data
system are to be supplied to this package.

3.3 Participation in national benchmarking projects

As regards the conceptual design of an indicator system for wastewater treatment, the
Wupperverband has accessed work carried out by 10 major German waste water treatment
plant operators via service contracts. These utilities have established a service company,
agquabench GmbH, which uses and develops a benchmarking process for waste water
treatment plants together with its customers.

The main objective of these projects is to make business processes comparable for all
concerned and to determine and compare key cost figures for each indicator of a sub-process.
The benchmark is always the best value of a subprocess and not necessarily the lowest value
(Fig. 2). Within the project, the resulting deviations must be analysed and any measures
required must be defined.

The objective of this approach is to supplement the expertise developed within the association
by the know-how available in the sector and to use it for cost optimization.
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For the second time now, the association is using the existing treatment plant operation module
and has already carried out benchmarking exercises on five waste water treatment plants. The
measures resulting from the first project, which covered Burg and Hiickeswagen waste water
treatment plants, are currently being implemented and no final results of the project are
available as yet. Other operators report average savings of up to 5% as a result of
benchmarking.

For corporate benchmarking, the association also uses a method already developed for
comparing key balance sheet indicators of similar companies.

For the projects “analysis and monitoring of indirect discharges" and “reservoirs”, the
association is participating in the development of methods and will then carry out a comparison
of key figures. In this way, the Wupperverband is actively involved in further development within
the sector.

Fig. 2 shows the system and procedure for benchmarking projects. With annual data
compilation, benchmarking can be used as a controlling tool. For this purpose, it is important to
compile and evaluate the data automatically using an online portal.
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Fig. 2: System and procedure for benchmarking projects

4 Elements of energy management

One of the key challenges faced by manufacturing industry today is to secure energy supplies
at economically acceptable conditions. Attempts by government in 1999 to liberalize the former
guasi-monopoly situation in the energy industry only led to a reduction in energy costs for a
limited period of time. Energy prices have now reached a very high level. The reasons are the
general global increase in energy consumption on the one hand and the shortage of energy
resources (for example, on the oil market) on the other hand. In Germany, taxes (levies under
the Renewable Energy and CHP Acts, eco-tax and value added tax also account for a relatively
large proportion of the price of energy.

The Wupperverband therefore decided to introduce energy management as a matrix process
covering all the functional units of the association.

The objectives of the energy management process are to reduce energy costs on the one hand
and to minimize carbon dioxide emissions (greenhouse effect) on the other hand.

The operational tasks resulting from the process are as follows:
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e Transparent tracking and presentation of energy consumption and energy costs within
the Wupperverband,

Brief presentation of energy policy and legal developments,

Further development of energy purchasing methods and contract systems,

Proposal of measures to reduce energy consumption and costs at individual plants,
Proposals concerning the expansion and optimization of power generation from
renewable energy sources (CHP and hydropower plants),

e Development of innovative projects to reduce energy consumption.

4.1 Energy consumption and power generation

The Wupperverband uses 56.8 million kWh of energy per year. Of this figure, 40.4 million kWh
are purchased from external sources. This energy includes electric power, fuel oil, natural gas
and district heat. Table 2 below shows the percentage breakdown of energy consumption by the
various sources of energy.

Table 2: Energy used by the Wupperverband

Energy Consumption WV per year kWh / a Share

Power (external) approx. 25.6 Mio. kWh/a 25,600,188 45%

Power (internal) approx. 16.3 Mio. kWh/a 16,348,818 29%

Fuel oil approx. 1.22 Mio. l/a 12,792,497 23%

Natural gas and approx. 132,000 m*/a 1,200,000 2%

propane

District heat approx. 820,000 kwh/a 820,000 1%
56,761,503 100%

Energy expenses account for approx. 10% of the cost of materials used and approx. 50% of the
cost of raw materials and consumables.

Since 2000, energy expenses have risen by an average of about 5 % per year. Among other
things, this is a result of the expansion of waste water treatment plants to provide more effective
treatment. In addition, the cost of electric power in 2007 will increase by about 25 % compared
with 2005 if consumption remains constant.

The Wupperverband uses approx. 16.3 million kWh of power generated by the association itself
using packaged CHP plants, hydropower plants and one steam turbine. In addition, the
association’s hydropower plants generate about 8.7 million kwh of power which is fed directly to
the public grid. The association therefore generates power corresponding to about 60 % of its
own requirements from renewable sources! In addition, the above table shows that electric
power accounts for two-thirds of the energy used by the association.

4.2 Development of an energy data management (EDM) system

The purpose of an energy data management system is to record the energy consumption data
of individual plants and power generated by the association itself almost on a real-time basis.
Initially, the project launched in July 2005 records power purchased from external sources for
17 power use points with special contracts in a central database as a load plot on the basis of
15-minute values. The data is presented using visualization software.

D:\Kontakte\Japan\Vortrage\D-Wiebusch.doc - 78 - Page 6 of 12



WUPPERVERBAND

flr Wasser, Mensch und Umwelt

@

29.09.2006
Dr. B. Wiebusch

In the next stage of the project, there are plans to record the power generated by CHP and
hydropower plants as well as power purchased under general tariffs. It is also planned to export

the data to the future operating data system.

Using the EDM system, it is possible to create updated reports on energy consumption, load
and power generated by the association’s own plants. Where necessary, periods with high
energy consumption (e.g. load peaks) will require more intensive analysis.

Fig. 3 shows the structure of the energy data management (EDM) system.
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Fig. 3: Structure of an energy data management system for the Wupperverband
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Fig. 4: Breakdown of electric power costs into energy components, taxes and levies
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4.3 Purchasing of electric power

In 2004 and 2006, the Wupperverband issued calls for tenders for the supply of electric power
in accordance with VOL. The contract was concluded on the basis of supply to the point of use.
In other words, the power supplier concludes a contract with the network operator concerned
and invoices the demand and commodity charges as well as network utilization fees. The term
selected for the contract in both cases was two years.

The tendering process has brought definite benefits. Firstly, all 17 points of use with special
contract now have a simple, standardized power supply contract. Secondly, the increase in
electric power expenses was not as severe as expected, as a result of competition between
suppliers. The association had to accept a 15% increase in electric power cost as of 1 January
2005 and a 25% increase as of 1 January 2007.

The price structure of these contracts indicates that the demand and commodity charges
account for 59% and taxes and levies (Renewable Energy Act and CHP levies, electric power
and value added taxes) for 41% of the price of electric power (see Fig. 4).

The association is now in the process of launching investigations concerning the applicability of
new purchasing methods (“timetable purchasing”) in cooperation with a power supplier. This
involves the use of a forecast load curve to be covered by the power purchased. Any excess
guantities purchased or deficits are balanced by the power supplier within a separate balancing
account.

The unbundling of power suppliers has led to the establishment of separate companies for
power sales and network operation. If this structure were reflected by power supply contracts, it
would be necessary to conclude separate network connection and network utilization contracts.
Contracts with network operators would cover the monopoly market of network utilization, while
only the supply of electric power would be included in calls for tenders. This approach could
have an advantage, in that more tenders would be received, especially from energy traders. As
a disadvantage, there would be a slight increase in administration expenses.

The configuration of power supply contracts can have a significant effect on external power
costs.

Average price in ct/kWh (Medium Voltage 10 kV)

I I

35 Price level: July 2004 —
30

25
20 \ ,,,,,, Regression analysis of 427 power use points
15 <]

10 . —

0 1.000 2.000 3.000 4.000 5.000 6.000 7.000
Duration of use [ h ]

e Wupper Water Association

Fig. 5: Average price as a function of duration of use of supply points, for delivery and metering
in the medium-voltage range (Specht, 2004)

Fig. 5 shows the relationship between the price of electric power and duration of use [h]. For
this purpose “duration of use” is defined as the power consumption in [KWh] divided by the
annual peak load [kW]. If electric power is taken at absolutely the same load figure over the
entire year, the “duration of use” is 8,760 hours, corresponding to the number of hours in the
year.
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Waste water treatment plants with relatively even power consumption normally have a high
duration of use in excess of 5,000 hours, while the duration of use of pumping stations is often
below 1,000 hours. As the hours of use increase, the average price of electric power falls.
Power suppliers reward relatively constant consumption as the peak load capacity to be made
available is reduced and the load on power supply systems is more evenly distributed.

Load peaks have a greater detrimental impact on energy expenses with an annual demand
charge than if a monthly demand charge has been agreed,

Another point to be considered is the feeding of power generated by the association from
renewable sources to the public grid under EEG — the Renewable Energy Act. Consideration of
the energy situation at Buchenhofen waste water treatment plant indicates a revenue potential
of about € 100,000 per year. Since the end of May 2006, the compact CHP plants at
Buchenhofen have been feeding power “virtually” to the public grid. However, it will be
necessary to carry out a new viability analysis as a result of the severe increase in power prices
from 1 January 2007.

Under the Oil Tax Act (Min6StG), Section 25 (exemption, reimbursement or tax credits in the tax
area), there is a possibility of tax reimbursements if plants for the combined generation of heat
and power have an annual degree of utilization of at least 70%.

This possibility of reimbursement has been used at the sewage sludge incineration plant for
some time.

4.4 Optimization of energy consumption

Standardized energy analyses in accordance with the energy manual for North Rhine-
Westphalia published by the State Ministry of Environmental Protection, Nature Conservation,
Agriculture and Consumer Protection are a key tool for optimizing energy consumption. The
state subsidized these analyses for many years and the Wupperverband has already analysed
six waste water treatment plants. Although the subsidy program has been suspended, the
continuation of these analyses is regarded as beneficial.

As a result of these analyses, measures are proposed and a general viability assessment is
made. For a more detailed assessment and implementation if appropriate, the proposals are
forwarded to the operating departments concerned.

Table 3: Savings potential as a result of energy analyses and realization

Total Energy Share in differecr?tsiéll (AB Share in
(without wwtp Odenthal) (power and heat) energy _AC) cost
Population equivalent: 191,376 [kWh/a] [%] [€/a] [%0]
Savings potential determined 2,492,692 100% 96,352 100%
Of which:

Already realized 1,368,767 55% 85,313 89%
Realilzatl'on with expansion / 983,727 39% -499 1%
modifcation

Realization not feasible 31,565 1% 1,217 1%
Other items (clarification required) 108,633 4% 10,323 11%

Abbreviations: AB = Annual Benefit, AC = Annual Cost, wwtp = waste water treatment plant

Table 3 shows that 55% of the savings potential indicated by energy analyses conducted since
1999 in terms of energy savings and 89% in terms of cost savings have already been realized.
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39% of the energy savings potential indicated will be realized in the long term in connection with
modifications and expansions.

The connection between power supply contract, peak loads, duration of use and power cost or
average power cost was already mentioned above.

The targeted shut-down or turning-down of individual units as part of a load management
strategy may help in reducing peak loads and the resulting demand charges (see Figure 6).
Where this is economically viable, an automated load management system is normally used.

450
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Fig. 4. Sample load curve for a waste water treatment plant (for a population equivalent of
50,000) showing load peaks

The Wupperverband is currently conducting studies to determine whether it will be economically
viable to introduce automated load management systems at individual plants. Initial results
show that such systems would have a cost:benefit ratio approaching 1 as a result of the monthly
demand charge provisions. If load management at the plants is not automated, it will be
necessary to manage loads manually using the energy data management system. This will only
be possible in connection with a retrospective analysis of the data collected. The experience
obtained could then be considered when selecting future modes of operation.

Table 4:  Overview of studies concerning the feasibility of automated load management
systems for the Wupperverband

wwtp Annual hours of Feasibility Installation
use Study
Base year 2003 2005 2003
o Feeding into network in
Buchenhofen 5,702 5,131 ,iAnm7o g'szg?: accordance with
=Y Renewable Energy Act
. _ Together with the
Huckeswagen 3,699 3,660 C/B=0.8 modifiation of the wwtp
Radevormwald 4083 2665 c/B=09 |Afterexpansionof
wwip
Schwelm 2,699 2,415 cB=11 No installation
Burg 4,319 3,340 In progress

Abbreviations: C = Cost, B = Benefit, wwtp = waste water treatment plant

In addition, benchmarking projects include a technical and economic assessment of the energy
situation. However, the technical assessment is very rough and is no substitute for an energy
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analysis. An important addition by the benchmarking method is the economic assessment
based on the determination of specific consumption costs and, in the case of packaged CHP
plant operation, specific production costs.

4.5 Increasing the share of renewable energy

In order to ensure greater independence from the rising cost of energy purchased from external
sources, it is necessary to increase the share of energy generated by the Wupperverband itself
from renewable sources. In this connection, the Wupperverband can tap potential in the
following areas:
e Construction and operation of further hydroelectric power plants on the reservoirs
operated by the Wupperverband
e Increase in digestion gas production for power generation by the cofermentation of
organic materials, using vacant capacities in digesters
¢ Installation of solar power facilities on the association’s buildings

In future, depending on network transmission charges and electric power prices, it may become
viable for the Wupperverband to transmit hydropower to its own waste water treatment plants
for use at those plants instead of feeding it to the public power grid.

5 Conclusion and outlook

The basic structures of a technical controlling and energy management system have been
developed within the Wupperverband since 2003. The current technical controlling tasks at
Wupperverband are operating data processing, reporting of key technical and economic data
and participation in external benchmarking projects.

Technical controlling activities in future will include the definition of key technical and economic
indicators and integration in reporting for the management of operating processes and for
budget planning.

Energy management, which will be a matrix process at Wupperverband in future, will have the
environmental objective of reducing carbon dioxide emissions and the economic objective of
cutting costs. The methods used for achieving these objectives will be the development of a
purchasing and contract system adapted to energy markets, the central recording of all energy
data on a real-time basis as part of the reporting system, the use of load management system
to ensure even load factors and energy analyses to optimize energy consumption.

Although the Wupperverband already covers 60% of its energy requirements from renewable
sources, there is still potential for increasing this share. In general terms, the power generated
by hydropower facilities could be increased and greater use could be made of organic materials
for cofermentation in the association’s fermentation basins. A review of this potential is currently
in progress.
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