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ABSTRACT 

Different attempts have been made to facilitate successful operation of wastewater pumping system. The 
wastewater pumping units which are already existed in different parts of the world have been studied to identify 
its success, failure and different parameters associated with its suboptimal performance. The performance of 
wastewater pumping depends on three parameters namely pump, hydraulics, control system and pump station. 
These parameters are interdependent and must be carefully matched to achieve efficient WWP system. 
Nowadays the scenario has changed where organizations has started looking increasingly at the total cost of 
ownership, another way of saying Life Cycle Cost Analysis (LCCA) and recognizing the need to get most out 
of their equipment purchase. 

The master thesis includes theory part which describes the different parameters associated with wastewater 
pumping unit especially focusing on Xylems WWP system. This thesis is an attempt to help companies to know 
how LCCA could be productive management tool in order to minimize maintenance cost and maximize energy 
efficiency  

The study reported in this thesis work has been conducted to shed light over the use of Life Cycle Cost 
Analysis in wastewater pumping system. The current study tries to suggest and assess an adopted approach to 
ensure successful and efficient operation of WWP system with lowering energy demand and decrease in 
maintenance cost. Initial cost, Maintenance cost and Energy costs are important issues in the operation of 
WWP system since they are responsible for total cost over time. Therefore, description of each cost, formulas 
necessary for LCC calculations, data and survey structure, material and energy flow has been described. 

This work also aims to provide an extensive literature review, different survey and data collection techniques, 
analysis of collected data, statistical modelling, customer interaction by questionnaires and an interview with 
experts were used. LCC calculations were used to support the design and selection of most cost-efficient 
wastewater pumping system.  

Therefore, the given thesis work is an attempt to achieve better functional performance, improve existing design 
principles associated with WWP System, contribution to asses economic viability, support decision making to 
enhance operational quality to achieve efficient and successful wastewater pumping system. 

 

Keywords 

Wastewater pumping (WWP), Efficient, Xylem, Initial Cost, Hydraulics, Control, Running cost, True cost, 
Economic viability, Energy cost, Maintenance cost, LCC, Efficient, LCCA, Questionnaires, Statistical 
Modelling 

 

 

 

 

 

 

 

 

 

 

 



4 
 

ABBREVIATIONS 

 

LCC - Life Cycle Cost 

LCCA - Life Cycle Cost Analysis 

WWP - Wastewater Pumping 

C_ic - Initial Cost 

C_in - Installation Cost 

C_e - Energy Cost 

C_o - Operating Cost 

C_m - Maintenance Cost 

C_s - Downtime and Loss of Production Cost 

C_env - Environmental Cost 

C_d - Decommissioning/Disposal Cost 

Q - Volume of Flow 

H - Pump Total Head 

P - Pump Power Input 

η - Pump Efficiency 

BEP - Best Efficiency Point 

MFA - Material Flow Analysis 

C_n - Cost after N years 

C_p - Present Cost 

N - Number of Years 

I - Interest Rate 

P - Average Annual Inflation in Decimals 

NPV - Net Present Value 

FOG - Fat, Oil and Grease 

ABC - Activity Based Accounting 
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TCS - Traditional Costing System 

E_s - Specific Energy 

η_tot - Total Efficiency of Pumping System   

ρ - Density 

EWA - European Water Association 

SCADA - Supervision Control and Data Acquisition 

N Impeller -Nanotechnology Impeller 

HMI - Human Machine Interface 

CFD - Computational Fluid Dynamics 

COD - Chemical Oxygen Demand 

BOD - Biological Oxygen Demand 
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1. Introduction 

1.1 Background 

Globally, pumps are being used for various purposes and its usage is widespread. They are being used to provide 
domestic, industrial and municipal water and wastewater services. Globally average pumping system consumes 
up to 20% of total energy and account for 25 to 50% energy usage in industrial plant operations (Pump life 
cycle costs: A guide to LCC analysis for pumping systems, Euro pump and Hydraulic institute, Executive 
Summary, 2004). 

“Pumps are normally purchased as individual components however they provide service only when operated 
as a part of the system”. Different types of pumps are being used in different sectors but pumping of wastewater 
is core issue for this study which will be focusing on packaged Wastewater Pumping Station. The energy, 
material and resources used by such system is highly dependent on model and type of pump and design of 
pump station where pumps are installed and the way pump system is operated. 

Pumps are biggest consumers of electricity. Pumping system accounts for 22% of world’s electric energy motor 
demand (Ruuskanen, 2007). Euro pump and Hydraulic Institute, 2004,1-2 has been cited in (Ruuskanen, 2007) 
that in certain industrial plants over 50% of electrical energy used by motors are for pumping systems. The 
energy cost and maintenance cost alone contribute to 60% over total cost of WWP system (White paper, 2015). 

Pumping system includes pumps, pumping station and other equipments which helps to transport the fluids 
from one place to other. Particularly in wastewater plants pumps are aimed to remove sewage to processing 
site.  The energy and materials consumed in accomplishing this task depends on design of the pump, the design 
of installation unit, design of control system, design of sump station and the way system is operated. These 
factors are interdependent and they must be carefully synchronized with each other to ensure lowest 
maintenance and lowest energy consumption. Sometimes operating requirements override the consumption 
and increases maintenance cost, but an optimum solution is still possible and hence LCC Analysis will prove 
to be a financially attractive alternative for the WWP system. 

LCC Analysis is tool that can help decision makers to evaluate many types of systems including pumping system 
by taking into account not only investment costs but also running costs over Life span of a system. Also, this 
analysis is a strategic tool to determine whether the initial cost is worth it or not after major future costs such 
as maintenance, energy and downtime (Ramadoss, 2013). “Pump users and industry leaders have increased the 
emphasis on reducing the life cycle cost (LCC) of industrial pumps”. “Organizations with matured procurement 
division do not purchase pumps based on their initial purchase and installation cost”, instead they focus on 
total life cycle cost of pump which is five times greater than the initial cost and installation cost (Ramadoss, 
2013). 

The key objective of analyzing total LCC is to minimize total cost which involves tradeoff between the elements 
of LCC analysis.  By using life cycle cost analysis, it is possible to implement cost effective solutions and also 
assess economic viability in order to achieve successful and efficient wastewater pumping system.  In 
Environmental point of view, water is an important resource for life. Due to economic development, fast paced 
population and social lifestyle water is now progressively considered as scarce natural resource which must be 
preserved. 

There is growing awareness in the preservation of earth’s resources as they are finite, and they must be used 
carefully with minimum waste in order to provide for future generations. There is also growing concern 
regarding energy which contribute directly or indirectly variety of environmental pollution. Therefore, 
conserving energy and materials helps to solve both these potential problems and at the same time that is 
beneficial to user by reducing the cost.  

The project scope lays in the consideration of design principles of pump, the design of pump station and its 
components and results obtained from development of Master thesis Entitled “Life cycle cost analysis and 
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optimization of wastewater pumping system”- Pumping station of Xylem pumps, Pump stations and Control 
system. 

1.2 Problem Description 

Pump usage is widespread whereas Xylem pumps and its Wastewater Pumping solutions have been used in 
many industrial and municipal operations. 

The factors affecting systems outcome and if they are matched properly it is possible to ensure a successful 
operation of system with lower energy demand and decrease in maintenance cost. When investing in pumping 
system there is often tendency to focus upon initial capital investment at the expense of other factors that could 
dramatically reduce running costs and improve performance in long run. One way is to avoid this mistake and 
get more accurate picture on true cost over time is to use LCC tool (White paper, 2015). 

1.3 Life Cycle Cost Evaluation 

Sometimes during longer operations, the purchase cost can become insignificant compared with running cost 
over the time. In this difficult operations cost of excessive wear, maintenance, energy consumption, unplanned 
shutdowns, loss of productivity, seal replacement and product damage can contribute to substantial proportion 
of total LCC reduction to total expenditure and routing operating cost.  

Although, engineers are continuously striving to improve system design to achieve most cost-effective 
wastewater pumping system it is difficult to find different key parameters which are responsible to increase 
total cost of ownership.  Even though wastewater pumps manufactured by Xylem are efficient but still there 
are different key components which need to be addressed properly since they are responsible to increase energy 
and maintenance cost as it has been reducing the overall performance of the system. As over 70% of total life 
cycle cost of product is attributed to early design stage, designers are in position to sustainability to reduce the 
life cycle cost of products giving due consideration to life cycle cost analysis (LCCA) implications to their design 
decisions (Asiedu, 2010). Therefore, it is important to perform LCC Analysis to improve the design, to upgrade 
and to optimize any system. The LCCA will play the role of assistance tool in deciding whether to pay higher 
purchasing cost to avoid unwanted and non-predicted maintenance and other costs. 

There are different phases associated to WWP system from acquisition to disposal with different key cost 
parameters which are attributed in total cost of the system. Thus, all these key parameters are needed to be 
addressed effectively in order to optimize WWP, but it is very difficult to get realistic results without having 
sufficient data. Successful WWP may not be efficient and optimize for longer run. Hence organizations like 
Xylem Water Solution are continuously working to optimize energy, maintenance and operational cost savings 
with consideration of different cost factors in order to achieve most efficient WWP system. Also, the greater 
understanding of all the components that make up the total cost of ownership will provide an opportunity to 
dramatically reduce energy, operational and maintenance costs. 

This is an attempt to predict most cost-effective solution by analysis of data which is obtained through survey 
collection methods and finding out key design elements which are responsible to increase in total cost of system 
in order to suggest most optimize solution. 

This study further deals with analysis of data to identify avenues of potential energy and cost saving by applying 
various techniques to identify important design elements in wastewater pumping system and finding interaction 
of different operational factors during working life of WWP system. 

The water companies throughout the world continuously thriving to achieve most efficient WWP system, 
therefore application of LCCA to optimize different costs associated in total life cycle of WWP and its potential 
outcomes are included. Currently customers seek pumps and pumping unit which demonstrates their economic 
value over long term and are no longer interested in cheaper solution because often minimization of production 
cost does not promote optimal performance thought life cycle. These changes in demand highlighted the 
importance of LCCA applied to design, construction, operation, maintenance and demolition of pumping unit. 
During old times LCCA for wastewater pumping system were not integral part in designing of WWP system 
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but nowadays it is becoming important while considering true cost over life cycle of WWP system. The LCCA 
helps to evaluate overall long-term economic efficiency and provides economic base for optimum strategy 
selection (Korpi, 2008). 

The main focus is in the demand to achieve successful and efficient wastewater pumping system through the 
practical application of LCCA for wastewater pumping system to study each component associated in the 
operation to get potential energy and cost savings through life cycle of pumping system. 

1.4 Research Questions 

• How LCC tool is beneficial in optimization of wastewater pumping? 

• How LCC could help in Minimizing cost, Minimizing Waste and Maximizing Energy Efficiency? 

• Why should organizations care about LCC in design of WWP? 

1.5 Aim and Objective 

Aim 

The present study attempts to draw conclusion on how LCCA is beneficial in the optimization of WWP 
system. The primary aim of this study is to: 

• Identify globally existing WWP systems and categorize them profoundly which involves, design 
principle of pump, design of pump station, control system design and the way pump is operated 

• Studying different costs associated with WWP system and finding out how particular cost affect the 
overall cost of the system to achieve successful and efficient wastewater pumping system 

Objective 

The objectives of this study are: 

• To study different costs associated with entire WWP system 

• To study different key parameters which are responsible for total LCC increase and ways to find out 
to lower total LCC of whole system 

• Application of LCCA and MEFA tools on collected data to identify potential energy and cost savings  

• Find out importance of each component on the operation of the system 

• Identify key design elements for WWP and interaction of operational factors from the analysis 
conducted on collected data 

• Provide the models to support the analysis  

1.6 System Boundary  

This study focused on wastewater pumping system and the components related with its working.  

The details of set boundaries are given below: 

• Wastewater and municipal waste area were considered in this study 

• This study considered internal wastewater pumping unit including only pump, pump sump and control 
system, external network associated with wastewater pumping unit like pipeline network, valves and 
surge tanks, ventilation pipe, clarifiers have been excluded 

• While considering pump station, the pump with a capacity which is only in the range of 20 to 350 
lit/sec has been selected 
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2. Literature Study 

There are different costs associated with total life cycle of wastewater pumping system. Consideration of eight 
standard costs which together contribute to do Life Cycle Cost Analysis. While conducting a complete analysis 
it is important to gather and enter the data related with all categories in the formula. 

Though this work is considering major costs especially Initial cost, Maintenance cost, Energy cost and 
Operational cost but still there are different comparative cost parameters which are associated with each major 
cost and responsible to increase total cost need to be consider. 

2.1 Life Cycle Cost 

LCC was originally designed for procurement purpose in the U.S. Department of Defense and still use 

most commonly in military sector as well as construction industry (Korpi, 2011). 

LCC concept was born 35 years ago when the term life cycle costing was used in military related document 
which was prepared by the United States logistics management institute for the assistance secretary of defense 
for installations and logistics (Okano, 2001). 

Hyvonen, 2003 stated that only 5% of large industrial companies uses life cycle cost analysis whereas Sterner 
2000 cited in Korpi, 2011 has been mentioned about Swedish building industry study that 66% of the companies 
used life cycle costing to assist on decision making. 

Basically, Life cycle cost analysis is the method of evaluation of expenditure and manipulation of 
future costs in total life cycle of product (Korpi, 2011). 

White and Ostwald, 1976 cited in Korpi ,2008 that “Life cycle cost of an item is the sum of all funds expended 
in support of the item from its conception and fabrication through its operation to the end of its useful life”. 

Okano, 2001 has explained that LCCA is an economic comparison of alternatives. Its emphasis is on 
determining how to allocate given budget among competing projects to maximize the overall net return from 
the budget. 

Life cycle cost has referred to all cost associated with the system as applied to defined life cycle. In general, it 
includes research and development cost, production and construction cost, operation and support cost, 
retirement and disposal cost. Life cycle cost is determined by identifying the applicable functions in each phase 
of life cycle, costing these functions, applying the appropriate costs by function on year to year schedule and 
ultimately accumulating these costs for the entire span of life cycle. Life Cycle Cost includes all producer, 
supplier, customer, maintainer relator cost (Okano, 2001). 

LCCA requires that future costs need to be calculated by taking into consideration the time value of money. In 
LCCA the future costs such as operation and maintenance have to convert into their appropriate values before 
adding them to items procurement cost (Okano, 2001).  

Boussabiane and Kirkham, 2004 cited in  Mendes, 2011 explained that customers  seeks waste water pumping 
that demonstrates their monetary value over the long term with most economically advantageous solution and 
they are not interested in cheaper solutions because often minimization of production cost does not promote 
optimal performance throught the life cycle (Mendes, 2011 ). 

These fluctuations in demand seeks the importance of LCCA which can be applied to the design, construction, 
operation, maintenance and demolition of WWP unit. 

Therefore, it is important that Life cycle cost analysis should be evaluated as a part of decision making 
in order to achieve better functional performance, enhance output and economic efficiency of 
particular system (Hallin and Sadasivam, 2011). 
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The Life Cycle Cost Analysis is the way to anticipate most cost-effective solution; it does not guarantee a 
particular result but allows the organization or plant designer to make a reasonable comparison between 
alternative solutions within the limits of available data (Hydraulic Institute, Executive Summary). 

2.2 LCC of Pumping System 

Percevic and Hladika, (2016) has explained about traditional accounting and modern cost accounting methods 
where they mentioned that traditional accounting methods will no longer appropriate in modern business 
conditions whereas they studied importance of modern cost accounting on cost rationalization and cost 
reduction. How traditional cost accounting method gives information on short term and modern cost 
accounting methods like LCC are oriented for real product profitability and oriented for longer period are 
explained, further this cost comparison will also be explained in this work. 

Mainly traditional accounting are focused on manufacturing cost and allocation of indirect manufacturing cost 
on products whereas Life cycle costing considers all costs associated with product its entire life cycle (Percevic 
and Hladika , 2016) 

The main purpose of LCCA is to identify real costs of product and enable long term evaluation of product 
profitability. Therefore, life cycle costing creates a basis for dynamic product profitability evaluation 

Gerlach (2015) has also provided an overview on IAM approach for wastewater pumping system where he 
used Fault Tree Analysis (FTA) to identify critical elements in WWP system. The FTA gives primary importance 
to the pump which claims that pump is the critical asset in WWP system. 

Ruuskanen (2007) has explained about optimization of energy consumption in wastewater pumping which 
focusses on finding out ways to improve energy efficiency in wastewater pumping and ways to achieve energy 
saving potential. The main intention of this paper was to study pumps and pipework theory and special 
characteristics of wastewater pumping system.  

The Euro pump and Hydraulic Institute also mentioned about the life cycle profit and life cycle cost in LCC 
guidelines and pump life cycle costs where they explained importance of concept of life cycle profit to analyze 
the benefits from investment. Also, it included study of how reducing total cost of the system will improve life 
cycle profit. 

Nowadays, for WWP system unit energy savings, cost savings, environment cost and energy efficiency are 
becoming significant issues (Ruuskane, 2007). To achieve energy and cost saving potential and all other 
objectives related with operation of WWP it is essential to carry out LCC analysis on existed WWP system data 
to increase efficiency of WWP system 

Pumps are biggest consumers of electricity. Pumping system accounts for 22% of world’s electric energy 
demand (Ruuskanen, 2007). Euro pump and Hydraulic Institute, 2004,1-2 has been cited in (Ruuskanen, 
2007) that in certain industrial plants over 50% of electrical energy used by motors are for pumping systems. 

The energy cost and maintenance cost alone contribute to 60% over total cost of WWP system (White paper, 
2015). As per the definition of Hydraulic Institute “The life cycle cost of any piece of equipment is the 
total “lifetime” cost to Purchase, Install, Operate, Maintain and Dispose of that equipment” in other 
words it is important to accurately predict the current cost of energy, expected annual energy price inflation 
along with expected maintenance (Material and labor costs) to avoid energy and maintenance cost not to 
dominate over life cycle costs (Pump life cycle costs: A guide to LCC analysis for pumping systems, Euro pump 
and Hydraulic institute, Executive Summary, 2004). 

World Pumps (1998) has mentioned in the paper “Life Cycle Cost Analysis for Pumping System” phases 
of the analysis in which first phase should be the identification of key cost drivers for the process being 
evaluated. It includes nature and type of the liquid. Second phase includes statistical analysis including the 
calculations about running time of a particular application and amount spent on the spare parts whereas third 
stage includes monitoring of planned and unplanned maintenance, records of spare part purchase, power 
consumption records and product degradation (Product leakage records).    
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Also, this paper describes how it is important to put the value of each cost driver to achieve successful LCC 
analysis. Whereas simulating logistic elements helps to investigate random events to evaluate uncertainty 

Sauders et al. 2004 has been cited in Kotzab, 2000 that choosing a survey strategy allows the collection of large 
amounts of data in an efficient manner. Typically, this is done by using questionnaires with which researchers 
bring together standardized data that can be compared easily. 

Surveys are the major sources which provide scientific knowledge. The survey in this work has been designed 
with specific objective which is to collect data from globally existed wastewater pumping unit. The survey 
includes different set of questionnaires which are related with different parameters. All the survey results are 
presented in statistical tables and charts. 

2.3 Cost Allocation Diagrams  

Following is fig.1 shows details representations of difference in between traditional and activity based 
accounting. In traditional costing system the indirect manufacturing costs are allocated to cost objects on 
arbitrary basis which could affect on product profitability evaluation (Percevic, 2016). 

In activity-based costing i.e. Life cycle costing is designed in order to correct deficiencies of traditional costing 
system. The initial purpose is to provide fair and accurate cost allocation. The aim is to define most appropriate 
way for indirect manufacturing cost allocation to cost objects (Percevic and Hladik, 2016). 

 
 

 

 

 

 

 

 
 
 
 
 

Fig. 1. Cost allocation in traditional accounting (Percevic and Hladika, 2016) 
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Fig. 2. Cost allocation in ABC (Percevic and Hladika, 2016) 

There are few basic factors which have caused plant designers, managers and customers to change their views 

• Increasing awareness regarding present and future cost of energy 

• Realization that initial cost and design of equipment or plant can greatly influence the operation, 
maintenance and lost production from failure 

• Development of different technical and economic models that can easily compare alternate investment 
possibilities 

2.4 LCC Cost Distribution Model of Typical Wastewater Pumping 

The White Paper (2015) and Ruuskanen (2007) provides and overview over typical life cycle cost distribution 
over lifetime of wastewater pumping system. 

Energy consumption is one of the biggest cost elements to be considered over the total life cycle cost of the 
pump. Energy cost may dominate the life cycle cost especially when pump runs more than 2000 hours 
(Ruuskanen, 2007). 

Euro pump and Hydraulic institute (2001) has been cited in (Ruuskanen, 2007) that mentions energy and 
maintenance cost are dominant expense item, and this is why advancement of energy and maintenance cost 
savings has a lot of influence on the total life cycle cost of the pump. 
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Fig. 3. Life Cycle Cost of typical medium sized industrial pump (Ruuskanen, 2007). 

2.4.1 Cost Distribution Model 

Here we are focusing on some deep understanding about LCC with diagrammatic representation of typical 
wastewater pumping. Following diagram represents different costs incurred during the life cycle of wastewater 
pumping based on the assumption of life of WWP is 20 years. The eight elements of LCC Energy, Maintenance 
and Operation are account for the half the total LCC  

 

Fig. 4. The cost incurred during the life cycle of WWP Unit (20 years life). Source: Top 10 Global 
Chemical Manufactures (2006). 
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2.5 Wastewater Pumping System and Components 

Nowadays wastewater treatment plants are becoming larger and more sophisticated due to growing challenge 
to handle waste. There are many different processes involved in wastewater pumping like secondary sludge 
pumping and dewatering. The demand for handling large amount of sludge continuously increasing which 
demands for improved wastewater pumping system which suits for these problems. 

As handling and pumping of wastewater is a challenging, expensive and complex, there is need to have efficient 
wastewater pumping system where pump can handle high solid concentration and is expected to provide 
continuous operation, high reliability and high energy efficiency. 

The organizations like Flygt has continuously thriving to optimize WWP system and it has proven track record 
of experience and equipment to provide reliable and efficient solutions for handling sludge in wastewater 
treatment process. 

During the whole process of wastewater treatment, pumping play crucial role in the transportation of all type 
of wastewater. While pumping the different fluids WWP unit has gone through different kind of risk factors 
which are responsible for total cost of ownership. 

Hence, to meet the expectation of continuous operation, high reliability and energy efficiency LCC Analysis 
plays dramatic role in designing the WWP system. 

Therefore, it is important to understand the challenges in Wastewater Pumping System. Complex processes 
like handling of heavy concentration of sludge, handling of wastewater with ph in between 8 to 10%, to maintain 
duty operation continuous without failure and to maintain high efficiency (Energy saving) are the deciding 
factors which are needed to consider achieving efficient pumping system. 

2.6 Theoretical Study  

2.6.1 Purpose of LCC 

“Existing traditional accounting methods usually focusing on only manufacturing cost and allocation 
of manufacturing costs on products, but life cycle cost considered all cost associated with product 
during its life cycle”. 

The main purpose behind implementing LCC is to identify real costs and enable the long-term evaluation of 
product profitability. Therefore, it is important parameter which is beneficial in making foundation for dynamic 
product profitability evaluation. 

LCC identifies main activities associated with particular product which help to find out all costs associated with 
that product during the performance of each activity (Percevic and Hladika, 2016). 

In today’s growing era of industrial revolution, organizations have started developing more interest in total life 
cycle cost of product rather than only manufacturing cost of the product. 

LCC is becoming important as it provides fundamental qualitative basis for long term decision making regarding 
product pricing and evaluating product profitability. 

To achieve better systems efficiency and functional performance to enhance quality and economic efficiency, 
it is important to evaluate life cycle cost as a part of decision making. From the manufacturer and client’s 
perspective the LCC analysis has following purposes. 

Barringer and Weber (1996) has been cited in Korpi E a useful frame of reference detailing LCC purposes that 
accounts for both client and supplier perspective is presented below, 

 

 

 



12 
 

Table 1. Purpose of LCCA, Adapted from Korpi E. (2008). 
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2.6.2 Importance of LCCA 

Since LCC is an economic tool, it has importance from many perspectives. Following is the description of 
importance of LCCA. 

LCC helps to reduce energy cost, operational cost and maintenance cost includes minimizing waste and 
maximizing energy efficiency of the system. LCC will provide most cost-effective solution from all available 
alternatives within limited data. Life cycle cost mainly contributes eight different cost parameters hence 
evaluation of these cost identifies most financially attractive alternative. Since competition in global market has 
been continuously increasing, organizations are continuously seeking cost savings that will improve the 
profitability of their operation. 

Together with economic reasons organizations are becoming increasingly aware towards environmental impacts 
and preserving natural resources where LCC again gets an importance in environmental perspective. It helps 
to determine the total cost for the system over its lifetime. While conducting complete analysis it is necessary 
to gather and enter data for all eight categories in the formula for realistic results. 

Also, LCC analysis helps to manipulate how the investment is beneficial and it gives clear picture when user 
wants to sell the value. In customer perspective, it gives an overview of expected future costs and helps to show 
that organization is looking at the total solution of customer. 

It also helps to organization to show that something that is more expensive in purchasing, can be lower in 
operation cost, leading to lower cost over working life of product. 

2.6.3 Benefits of LCCA to the Wastewater Pumping System 

As defined by White paper (June 2015) and results from Hydraulics Institute, Euro pump and US department 
of energy following are the benefits of LCCA, 

• LCC analysis provides power to take best decision to lower the cost thought the life of WWP with 
optimizing many parameters.  
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• It helps to calculate payback time and select most preferred option.  

• It acts as a tool which justifies spent to decisions. Since it provides whole picture of total cost, it allows 
to choose most cost-effective solution within limits of available data and later it helps to save as much 
as money as possible. 

• Before investing in any pumping system, it is very common to invest in initial capital cost to reduce 
further running costs to increase performance of the entire system, to get correct picture of true cost 
over time, LCC analysis is helpful. 

• When budget is lower, but investment is needed, LCC analysis will help to select most appropriate 
investment that is beneficial which saves money. 

2.6.4 Pump Theory 

In pumping system main objective is to move liquid from the source to the required destination. Depending 
upon the function of the pump, type of liquid to be pump, diverse pump applications have been developed. 
Pumps are classified on the basis of the applications they serve, the materials they are constructed of, the liquids 
they are handle and their position in the sump. Typical classification of pumps is explained below 

 

  

Fig. 5. Type of Pumps. Source: Pump life cycle costs: A guide to Lcc analysis for pumping systems, 
Europump and Hydraulic Institute (2001) 

2.6.5 Special Characteristics of Wastewater Pumps 

Because different type and different characteristic of wastewater, different types of wastewater pumps have 
been developed to pump sewage water. In this pumping application special attention has been given to 
characteristics of sewage water like clogging, ph, viscosity and underground position of sewage water. 

The installation of wastewater pump has been divided in two group 

• Submersible installation 

• Dry installation 
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Advantage of submersible installation over dry installation is all electrical units are permeable which allows 
pump to work without failure. This feature results in 30 to 60% of saving in reduction in building volume and 
elimination of heating and ventilation and also continuous cooling is another advantage (Ruuskanen, 2007). 

2.6.6 Impeller Type of Wastewater Pump 

When solid objects such as stringy fibers and modern waste enters the inlet of conventional pump they tend to 
get caught on leading edge of the impeller’s vanes that reduces the impellers efficiency resulting in increased 
power consumption. 

In particular, fibrous material tends to accumulate in the gap between impeller and casing along the leading-
edge causing impeller being blocked. To ensure non-clogging operation and to maintain sustained efficiency 
Xylem has developed different advanced type of impellers to ensure clog free pumping. 

There are many types of impellers are used in wastewater pumps like N impeller, Vortex Impeller, Channel 
Impeller and Chopper Impeller. 

2.6.7 Pumping System Hydraulic Characteristics 

While designing pumping system it is important to define system characteristics as well as process requirements 
accurately to ensure the accurate functioning of the pump.  

2.6.8 Pump Characteristic Curves 

Characteristics of centrifugal pumps are generally presented in set of curves. The technical performance of the 
pump can be expressed graphically as Head curve H which indicates total head against flow Q. 

Fig. 6 represents typical performance curve for submersible pump, 

 

Fig. 6. Performance curve for submersible pump (Ruuskanen, 2007). 

From above curve it is concluded that Head and Flow are inversely proportional to each other. 
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2.6.9 Pump Operating Point 

Pump operating point is also called as duty point where system curve and pump curve meet each other. All 
pumping systems are comprised of a pump, a driver, a pipe installation, operating control and each of these 
elements consider individually. 

Proper design considers interaction between the pump and rest of the system and calculation of the operating 
duty points. A pump application might need to cover several duty points of which the largest flow or head will 
determine the rated duty for the pump.  

If pump head curve drawn to the same scale as the system curve is overlaid or plotted on the systems curve, 
the point of the operation will be the intersection of these two curves. At this duty point the pump head equals 
to the head require by the system (Ruuskanen A, 2007). 

Usually true pump operating point is different from the theoretically calculated.  The reason for this is 
inaccuracy of all numeric methods of calculating pipe work losses and tolerances allowed in published pump 
performance curve (Ruuskanen A. 2007). 

Following is the diagram of Pump Duty point, 

 

Fig. 7. Pump operating point (White Paper, Pump Life Cycle Costs, A guide to LCC analysis for 
pumping systems (Xylem), 2001). 

2.6.10 Curve of System Loss 

The properties of the pump will change with use due to wear and corrosion or sedimentation will change with 
the age of pressure pipe. When the pump is operating in the high solid content wastewater, then system losses 
will be increased later and the pump performance will be decreased. 

Following is the curve showing the reduction in performance of the pump while working in the sewage water. 
With the sludge content less than 1% it is assuming that system curves are safe. 
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Fig. 8. System loss curve (Ruuskanen, 2007). 

2.6.11 BEP (Best Efficiency Point) 

It is common term used to denote the efficiency of the pumps. This simply means rate of flow and the head at 
which pump efficiency is maximum (Asdal et al, cited in Ruskanen,2007). 

It is advisable that pump should work near it’s Best Efficiency Point. If the pump is operating more than 10% 
or less than 10% of BEP, then it lowers the pump performance. 

Following is the diagram representing the consequences on reliability if the pump operates far from the BEP. 
There are different risk factors responsible where pump cannot maintain its desired BEP. 

.  

Fig. 9. BEP curve (Ruuskanen, 2007). 
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2.6.12 Wastewater Pump Efficiency (Sustained High Efficiency) 

Regardless of the impeller design, it is important to maintain the original efficiency.  Wear and clogging are key 
factors that reduce hydraulic efficiency of the system. When wastewater solids such as stringy fibrous material 
enters the inlet of a conventional wastewater pump, they may get caught on the leading edges of the impeller 
and elsewhere in the pump. This build-up often results in decreased flow and reduced efficiency. This is referred 
to as a partial clog (White Paper, 2015). 

The efficiency of the pump varies widely depending on the type of impeller.  However, pump efficiency for 
some impeller types decreases dramatically in wastewater often due to partial clogging of the impeller.  

If solids continue to build up in the pump, a complete clog may occur and the pump will stop.  A situation 
arises that can result in costly unplanned service calls. If a conventional wastewater pump runs intermittently, 
the build-up is likely to be removed by the back flushing. This occurs when the pump shuts off at the end of 
an operating cycle. When the next cycle begins, the efficiency often has returned to its initial value since the 
pump is now free of build-up. 

When using a variable-speed drive, the pump has longer operating cycles. This results in more potential build–
up of stringy solids. Variable-speed drives with application specific wastewater pump software can detect pump 
clogging and initiate a pump cleaning cycle that prevents the pump from clogging. 

Sustained high efficiency can be achieved by selecting a pump with self-cleaning hydraulics, such as an impeller 
with N-technology. The reduction of unplanned service calls to an absolute minimum can be achieved by 
combining an impeller with self-cleaning hydraulics and a variable-speed drive that has clog detection and pump 
cleaning functions. 

Following is the diagram of conventional pumping verses self-cleaning impeller. In self-cleaning impeller energy 
efficiency is kept at sustained high level. 

 

 

Fig. 10. Sustained energy efficiency in self-cleaning impeller (White Paper, Life Cycle Costs for 
Wastewater Pumping Systems, (Xylem) 2015). 

2.6.13 Energy Uses Verses Sedimentation 

The velocity of the fluid in the force mainly affects both sedimentation as well as energy consumption. 
Operating with high velocities reduces risk of sedimentation but leads to extra energy consumption while 
operating on lower speed saves energy consumption but leads to sedimentation.  
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Following is the diagram shows Energy usage and risk of sedimentation at different velocities. 

 

Fig. 11. Energy usage and Risk of sedimentation (White Paper, Variable Speed Wastewater Pumping 
(Xylem), 2013). 

The higher the concentration of silt and sand, higher is the risk of sedimentation. The frequency of flushing 
depends upon system design, the degree and type of contaminants being pumped, and minimum velocity 
required to maintain optimal operating conditions (White paper, 2013). 

2.7 Sewerage System  

2.7.1 Typical Sewerage System Layout 

Sewerage systems are being built all over the world to collect wastewater from residential, industrial and 
commercial establishments and to transport it to treatment plants. Currently sewerage networks are being 
designed to achieve uninterrupted transportation of sewage solids throughout the system all the way to the 
treatment plant. 

Below is typical layout of whole sewerage system layout. Sewerage system has various components including, 
pipeline network, pumping station, local sewer, pressure sewer and clarifiers. The given thesis work considers 
only pumping station which is one of the critical components of Sewerage system. 
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Fig. 12. Sewerage system layout (Anne, 2006). 

2.7.2 Packaged Pumping Station 

Pumping stations are one of the crucial components of sewerage system and working environment of the 
pumps. The pumping station is housed with sump, control system and pump which are the important 
parameters within the packaged pumping system. The main duty of pumping station is to pump influent 
wastewater towards the wastewater treatment plant.  

Pumping stations are recognizing hindrance to the objective of uninterrupted transportation of sewage solids 
therefore function of pumping station regarding solid handling must be improved. Therefore, it is important 
to design pump and pump sump to convey solids preferably at the same rate as the solids enter the station. 

 

 

Fig. 13. Packaged pumping Station (Anne, 2006). 
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2.8 Top Down and Bottom Up Approach 

This might be bottom up approach because we have already existed problem case of pumping station with 
some significant previous study. We have something we just need to reach to such a point where we can add 
some weight to our findings from previous results. 

We have data from company side or already existed some results, we just need to find some flaws and work on 
some crucial parameters so that we could get some realistic results to put more weight on further LCCA 
calculation.  

2.9  Xylem Overview 

Xylem water solution is leading manufacturer of wastewater pumping and dewatering solutions in the world. 
It has all comprehensive ranges of flygt and Godwin dewatering pumps available in different sizes, pressure, 
flow rate and functionality. With the dewatering solutions, customer’s throught the world can buy or rent the 
reliable equipment and solution for any dewatering application which is available in more than 140 countries. 

Currently Xylem is world leading global water cooperation. It has been continuously developing new products 
and technologies to solve customer’s water and wastewater problems worldwide and helps people to use water 
efficiently in their homes, industries, farms and buildings (Xylem Brochure). 

Xylem has set mission of sustained efficiency for its products over longer time. To achieve innovative energy 
savings and efficient solution to water problems this thesis is the small attempt towards successful and efficient 
wastewater pumping system which contribute to endorse sustainable development. 

Xylem pumps have been used in different fields like mining and quarrying, oil and gas, industrial use, marine 
applications, construction and tunneling and municipal use (Dewatering pump handbook, 50Hz, Xylem). 
Depending on the type of work and requirement of technical specification they are used in the following 
particular field (Xylem Brochure). 

Xylem has started as Flygt in Emmaboda in 1901 as a small local company, later it has owned by Xylem and 
currently it has grown into a global group of companies. Now it has become global and stock listed American 
corporation focusing on world’s water problems. 

“Xylem has many different products including solutions and services that has been used all over 
the world. 98% of production has been exported from Emmaboda, Sweden” 

Xylem pumps and other products are used all over the world in water supply and wastewater systems for 
irrigation and drainage and range of industrial processes. The brand Xylem Group has well-known brands 
within, the biggest of which are Flygt, Godwin, Leopard, Sanitaire, Wedeco and Lowara which are the biggest 
producers of mixers, impellers, manure pumps, wastewater pumps, propeller pumps, control system and pump 
stations. It has been pioneered for decades within the development of products and solutions within the water 
and wastewater industry. These pioneering innovations include submersible pumps, banana blade mixer, N-
impeller and smart run pump-controlled system which are protected by 700 patents (Xylem Brochure) 
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3. Method 

3.1 Methodological Overview 

This chapter provides an overview of the methods which were applied for achieving the objectives of the thesis. 
Meanwhile, in this chapter, a detailed description of the methodological approach of the development process 
which were aimed to design the models is provided. 

The given study was carried out as a master thesis with joint cooperation between KTH, Royal Institute of 
Technology and Xylem Water solutions, AB. In order to meet the objectives as presented above, this study 
made use of qualitative methodological approach including survey, LCC calculation model, LCC comparison 
model. The primary data was relied on real data collected from the selected company’s products and their 
customers from all over the world. Meanwhile the secondary data was relied on published scientific literature 
and the ‘white papers’ which are provided by the Xylem Water Solutions.  

All of the methods are required to meet the aim of this study. The models are presented in the format of 
Microsoft excel which is making it possible to compare and document future LCCA as well as keeping the 
results of this project as a base reference. 

3.2 Method for Survey Development  

This section provides a description of the development of survey. The procedure includes the following steps: 

 

Fig. 14. Method of survey development 

3.2.1 Define the Goal and Aim of The Survey 

The purpose of this survey is to collect data utilizing the global network of wastewater pumping system owners. 
The data collected by this survey was the main part of primary data. It aimed to identify key design elements 
for a network wastewater pumping system. Meanwhile, the data was the main data which was employed to 
evaluate the relative quantitative importance of key design elements. 

The valuable information and provided data will be the core for conducting this study and will be used to: 

• Identify key design elements for a wastewater pumping system and evaluate the relative quantitative 
importance of them.  

• Help us in Xylem to improve the technologies we have, develop new solutions. 

• And finally, support us in validating the services we provide to our customers and provide more sustainable 
and cost saving solutions to them which enables to sustain the lowest total cost of ownership.  
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3.2.2 Select the Response Group 

Xylem international application engineer team was selected as the response group. This team is working closely 
with the task pump stations and customers. Therefore, this response group has the biggest potential to gather 
the data and response the survey.  

3.2.3 Convert the Goals to Survey Questions 

A survey questions should be a testable and an answerable statement (Johnston, 2008). The survey questions 
should be designed based on the research questions and goals by both text conversion and hypothesis design 
(Herzing J. 2016).  

To convert the goals to survey questions, the following steps were employed in this phase.  

• Determine the data which can satisfy the corresponding goal 

In this survey, there were 42 items which were selected as the raw data to satisfy the goals 
(details shown in appendix 1). The data items were determined based on the key influencing 
effectors which were described in chapter 7.3.4. 

• Identify the area where the data can be gathered from 

The selected company operates in more than 150 different countries/markets worldwide. 
Thus, the area was identified as the global market which included North America, Europe, 
South America and Asia. 

• Set the context and limitation for each data 

Each selected data item was set in the corresponding context based on the real working 
condition, geographic limitations and technical limitations. 

• Set the hypotheses and potential options for each question 

The assumptions and potential options were firstly proposed by thesis project team. Secondly, 
a technical experts team from Xylem checked and adjusted the details based on the current 
test results and data from Research and Development (R&D) department in Xylem. 

• Set the main catalogs for different question types  

The main catalogs for survey questions were determined in two versions. The first version 
aimed in showing a clean structure to the response group. In this version the catalog list 
included 7 parts as basic information, pump information, investment information, energy 
consumption, pump station design, control system information and maintenance. The second 
version aimed at grouping the raw data for analysis. It included three parts namely influencing 
factors, investment data and coefficients. 

• Write the individual survey questions 

 
There were 37 questions which were written to cover all 42 required data items with the 
explanations of corresponding context and limitation. 

3.2.4 Survey Testing  

This survey was mainly tested in two stages. In the first first stage, the project group test the survey internally 
for checking the response time, the functions of the online distribution system, the relevance of different 
questions in catalogs, the rationality for potential answer, the relevance of each question with the corresponding 
goal.  

http://statpac.org/research-library/survey-design-process.htm#research-questions
http://www.statpac.com/surveys/index.htm#toc
http://statpac.org/research-library/survey-design-process.htm#validity
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The second stage testing was done by part of selected response group from the response groups. This testing 
included time requirement testing, links function testing on Natigate and data reliability.  

3.2.5 Survey Distribution  

Website online survey was the main distribution method for this survey. Natigate was the selected web-tool for 
distribution. All of the survey questions were converted to online survey form. The survey link was developed 
automatically by Natigate. The online survey is finally distributed by email with a detailed introduction. 
Meanwhile, a document of this survey was provided with email distribution. 

In order to conduct the survey, two links were provided, the first link ‘A unique link’ was created for each 
responder individually. The second one, was an ‘Open Link’. The unique link which was generated on the 
recipient’s email address and it could only be used for filling in the data on just one selected pump station. The 
link could be revisited, and the response could be adjusted before it was sent off. 

 
The open link meant that the information filled in this open Link survey cannot be retrieved if the survey’s 
webpage is closed and data needs to be filled again. On the other hand, it can be used for registering more than 
one pump station and enables you to fill in the data of additional pump stations which we would really 
appreciate. This link can also be shared with colleagues in the application network.  
 

3.3 LCC Model Development 

This section provides a description of the development of LCC calculation model. The procedure included the 
following steps:  

 

 

Fig. 15.  LCC Model development 

3.3.1 Define the Goal and Aim of  LCC model 

The aim of the given LCC calculation model was to provide a simplified calculation model by identifying the 
sensitive elements. The simplified LCC calculation aimed to reflect the level of sensitivity of each design element 
in LCC.  

3.3.2 Identification of Preliminary Cost Parameters  
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Preliminary 
LCC formula 

Selection

Key LCC 
Parameters 
Selection

Selection of 
Simplified 

LCC Formula 
from the 

Context of 
Company

Life Cycle 
Cost 

Calculation

http://statpac.org/research-library/survey-design-process.htm#research-goals
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Table 2. Preliminary cost parameters 

Initial cost (C_ic) It involves the purchasing cost of pumps (procurement cost), 
piping cost, all mechanical and electrical equipments cost as 
well as cost of engineering, testing and inspection including any 
spare parts and training. 

Installation 
cost/commissioning 
cost  
(C_in) 

Pump systems can be installed by an equipment supplier, 
contractor or user personnel. This decision depends on several 
factors such as skills, tools and equipment required to complete 
the installation, contractual procurement requirements, work 
rules governing the installation site whereas commissioning 
requires close attention to the equipment manufacturer’s 
instruction for initial startup and operation. 

Energy cost  
(C_e) 

These costs cover the total energy cost to operate the pumping 
station including control unit, pump drivers and all auxiliary 
services. 

Many factors are involved in energy consumption of the pump 
like total head, the overall efficiency (Driver, Motor and 
Hydraulics) and the ability to maintain high efficiency over 
time. To maintain higher energy efficiency over time is a major 
concern for solids handling pumps. 

Energy cost  
(C_o) 

Operating costs are labor costs related to the operation of 
pumping system. It is associated with labor costs to carry out 
normal operations of pumping system. It involves up to date 
supervision about wear and tear, system supervision and to 
keep station clean 

Maintenance  
and repair cost  
(C_m) 

To obtain optimum working life from pump requires regular 
and efficient servicing therefore manufacturer always advice 
user about the frequency and the extent of this routine 
maintenance. The cost depends upon time and frequency of 
service and the cost of the material. 

It deals with total number of hours spent on maintenance and 
cost of the spare parts which includes planned and unplanned 
maintenance. Costly unplanned maintenance can occur when 
pump fails due to cavitation, clogging, over heating due to 
excess load, or may be due to other malfunctions. Total cost of 
routine maintenance is also included.  

Downtime and loss of 
production cost (The 
time during which 
pump is out of action or 
not available for use) 

(C_s) 

Despite the design and target life of the pump and its 
components there will be occasions when an unexpected failure 
occurs in those cases cost of lost production is unacceptably 
high, a spare pump may be installed in parallel to reduce the 
risk. 

Environmental cost 
(Including disposal of 
parts and contamination 
of pumped liquid) 

The cost of contaminated disposal during the lifetime of 
pumping system varies significantly depending on the nature of 
the pumped product. 
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(C_env) This includes costs regarding spills, environmental inspections 
and contaminant disposal during the life cycle of pumping unit. 
The disposal of used parts and various materials is included.  
Such cost is varying from country to country and set by local 
authorities. 

Decommissioning and 
Disposal Cost 
(C_d) 

In majority of cases the cost of disposing of pumping system 
will vary little with different designs. It also involves disposal of 
hazardous and non-hazardous liquids. Radioactive and other 
toxic will have to follow legal standards before disposal.  

3.3.3 LCC Formula Selection  

 
 

 

          (Bull, 2015) 
Where, 

 

Table 3. LCC parameters (1) 

LCC 
 

Life cycle cost 

C_ic 
 

Initial costs, purchase price 

C_in Installation and commissioning 
cost  

 

C_e 
 

Energy cost 

C_o Operational costs  

 

C_m Maintenance and Repair costs 

C_s Downtime Cost 

C_env Environmental Cost 

C_d Decommissioning/Disposal 
Cost 

    

3.3.4 Key LCC Parameters Selection  

There are different parameters associated with efficient performance of Wastewater Pumping System through 

the designed life of particular WWP system. 

 

LCC = C_ic + C_in + C_e + C_o + C_m + C_s + C_env + C_d 
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Table 4. Cost parameter description 

 

 

Though there are many sensitive cost factors related to better performance of pump hydraulics, control system 

and pump Station but out of the total parameters as mentioned in standard LCC formula, it is observed that 

there are four major ketone sensitive parameters namely C_in, C_ic, C_m and C_e which has more contribution 

in total cost of ownership than any other parameters. 

In order to achieve hassle free and optimal system over the time it is always important to keep its energy demand 

in permissible limit and keep it’s frequency of maintenance as low as possible. These are critical factors in the 

total operation of WWP (Wendin, 2003). Study shows that pumps are using 22% of worlds total electrical 

energy produced, while considering together energy cost and maintenance cost itself has contribution up to 

60% of total WWP (Wendin, 2003). 

As we observed there are different reasons for energy consumption and higher maintenance cost in pumping 

operation. Also, there are many interdependent factors which ensures lowest net maintenance and net energy 

cost. Hence therefore in order to achieve optimum solution it is always important to focus mainly on C_in, 

C_ic, C_m and C_e. 

Also, initial cost is one of the deciding factors in relation with maintenance, energy and operation since higher 

or lower the initial cost surely has influence over rest of the cost parameters. In order to get most cost-effective 

solution, it is also important to address different sensitive key components which are responsible for the 

changes in energy cost and maintenance cost. 

Selected 
Parameter 

Additional description  

C_ic Initial cost is one of the deciding factors in relation with maintenance, energy and 
operation since higher or lower the initial cost surely has influence over rest of the cost 
parameters. 

C_in Installation and commissioning cost involve following things 

• Foundations (Design, Preparation, Concrete and Reinforcing) 

• Setting and grouting of equipment of foundation 

• Connection of piping 

• Connection of electrical wiring and Instrumentation 

• Performance evaluation at start-up 

• Training 

C_m It deals with total number of hours spent on maintenance and cost of the spare parts which 
includes planned and unplanned maintenance. Costly unplanned maintenance can occur 
when pump fails due to cavitation, clogging, over heating due to excess load, or may be due 
to other malfunctions. Total cost of routine maintenance is found. 

C_e Many factors are involved in energy consumption of the pump like total head, the overall 
efficiency (Driver, Motor and Hydraulics) and the ability to sustain high efficiency over time. 
To maintain higher energy efficiency over time is a major concern for solids handling 
pumps. 
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Based on the comparison in between different types of pump stations which were gathered from the survey in 

this thesis, the main factors behind increase in total cost of ownership were energy and maintenance followed 

by operational cost, installation cost and initial cost.  

Hence, the study concluded to focus on four major deciding factors in total cost of ownership namely C_in, 

C_ic, C_m and C_e with detail focus on each sensitive key parameter associated with these major parameters. 

Life-cycle costs mainly depend on initial cost, energy costs and maintenance costs. Unfortunately, maintenance 

cost is the most uncertain parameter in these three, because the predication of maintenance cost has to concern 

different influence factors and the interaction in every specific system. In most contexts, the factors related to 

maintenance cost are hard to quantify. Thus, to provide a set of predictable factors which can be quantified is 

a fundamental requirement for a “simplify LCC calculation” model. 

3.3.5 LCC Formula Refining In The Operation Context of Selected Company 

 

 
 
Where: 

Table 5. LCC parameters (2) 

Refined LCC 

 

Refined life cycle cost 

    C_ic 
 

Initial costs, purchase price 

C_in Installation and commissioning 
cost 

 

C_m Maintenance and repair costs 

 

3.3.6 Procedure of Calculation of LCC 

The following procedure was used to calculate the LCC  

 

Refined LCC = C_ic + C_in + C_e + C_m 
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Fig. 16. Steps in LCC calculation 

3.4 Concertor LCC Comparison Model 

This section provides a description of the development of Concertor LCC comparison model. The procedure 
included the following steps: 

 

 

Fig. 17. Steps in LCC comparison model 

3.4.1 Goal Definition of LCC Comparison Model 

The goal of this LCC comparison model is to show the proportion of how much cost can be saved by applying 
the concertor pump into a retrofit pump system. The comparison results can underpin to determine which 
pump can provide low LCC in designed lifetime and show the proportions of each key element.  

A fully integrated system concertor introduced by Xylem offers a unique synergy between hardware and 
software functions. Concertor system manages well the design of works to reduce the total cost of ownership 
with highest quality and reliability.  
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of return
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structure

Cost factor 
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/Application/
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approach for 
LCC 
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3.4.2 System Definition 

The selected comparison project is the retrofit project. In this kind of project, no significant civil work needs 
to be changed or rebuilt. Thus, the civil work is not included in LCC.  Meanwhile, for retrofit project, the new 
pumps will work in the same or similar pick capacity. The selected pumps cover the 7.5KW for concertor and 
from 1.5KW to 7.5KW for the conventional pumps which were replaced in the same pump station. 

3.4.3 Formula Explanation  

For Current values: 

Table 6. Current values in retrofit project 

Yearly 
maintenance 
cost 

Maintenance cost * (1 + Inflation rate) ^ year 

Net / Total 
maintenance 
cost 

Maintenance cost * (1+ Inflation rate) * (1-((1+ Inflation rate) ̂  Total 
Lifetime years)) / (1-(1+ Inflation rate)) 

Yearly energy 
cost 

Energy cost * (1 + Inflation rate) ^ year * (1 + energy cost above 
inflation) ^ year 

Net / Total 
energy cost 

Energy cost * (1+ Inflation rate)*(1 + energy cost above inflation) 
*(1-((1+ Inflation rate)*(1 + energy cost above inflation)) ̂  Total Life 
time years) / (1-((1+ Inflation rate)*(1 + energy cost above 
inflation)))  

  
For Present values: 

Table 7. Present values in retrofit project 

Yearly present 
values 

Current value / (1 + Interest rate) ^ year 

Net / Total present value 

Net / Total 
maintenance 
cost 

Summation of yearly present values 

 

 

Pump (Concertor) potential average operation power calculation formula: 

Aim to calculate the potential power of Concertor in the given conditions. 

Table 8. Concertor power calculation formula 

Average pump 
power 

(((Hs+(100-Hs)/4)/100)+(100-((Hs+(100-Hs)/4)))/1000)*1,04 

(Xylem R&D) 

 Hs = Head static / Head Total 
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3.4.4 Development of The Model Structure 

The model was developed in MS Office Excel. The model is based on the formulas which were described in 
the conceptual models, the formulas which were provided by Xylem R&D department and the data which 
gathered from 20 different wastewater pump stations worldwide.  

This model includes four parts namely ‘Data Input’, ‘Coefficients Input’, ‘Cost Calculation Results’ and ‘Life 
Cycle Cost Comparison’. Detailed explanation for each part is given below, 

 

 

Fig. 18. Development of model structure 

3.4.5 Cost Factor Selection 

The most significant cost factors to calculate the LCC in this model are the four major factors which are given 
below, pump cost, installation cost, energy cost and maintenance cost. The reason for this selection is that for 
a retrofit project, the costs for civil work and operation (employee salary and other management) will be 
normally constant, meanwhile other service such as training and design will be provided for free. 

3.4.6 Coefficients  

• Inflation rate: 3% 

• Energy cost above inflation: 3% 

Model 
Structure

Data Input

It aims to give  
input required 
for basic 
technical data 
of selected 
pump station.

Data includes 
pump station 
design 
capacity(flow, 
static head 
and total 
head), life 
span, 
pretreatment, 
running hours, 
Impeller type.

Coefficients

It aims to 
select 
corresponding 
coefficients 
based on the 
input data.

Cost Calculation 
Results

It aims to 
show the cost 
and 
proportion of 
each cost in 
life cycle.

Pump cost and 
installation 
cost are one 
time direct 
investment.

The energy 
cost and 
maintanance 
cost are long 
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• Interest rate: 2% 

3.4.7 Maintenance Coefficient Selection 

Clogging rate is most common reason for unplanned maintenance and one of the most occurred risk factors. 
The number of time pump clog is depending upon type of pump Hydraulics, Pumped media, Location of 
pump, Size of the pump and Motor torque etc. 

The common clogging mechanism is ragging in front of impeller. Slow accumulation of fibrous material in 
front of impeller subsequently lead to failure of the pump. 

To find out number of instances of pump clog, it is important to know clogging coefficient whereas clogging 
coefficient depend upon type of pump hydraulics and type of pumped media (clean water, fine screened sewage 
and unscreened sewage) 

It is important to consider clogging coefficients for different types of impellers in different media with different 
power. 

• For non-pretreatment system with conventional pump, the clogging rate will be 0.75 times/year in this 
model. (Xylem white papers, 2015) 

• For both screened pretreatment and screened pretreatment system with N-technology pump, the 
clogging rate will be 0.25 times/year in this model. (Xylem white papers 2015) 
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4. Results and Interpretations 

This chapter presents the data and finding from the work. It includes the findings which was gathered from 
literature studies, the responses results from survey and calculation results from modeling. 

4.1 Survey Outcomes 

This section presents the survey results from responses. The results are represented in two parts which are data 

table of result and description for each survey question. In this thesis, survey results obtained through designed 

questionnaires to obtain the data to find out key components in the operation of wastewater pumping system. 

The given survey got total 10 responses from different countries. Following was explanation of responses. The 

given responses were put in the percentage format as shown in table X in the appendix section. 

• Combined sewerage system or not? 

Table 9. Data of sewerage system type 

 

The given result was based on the type of sewage system in which pump is working. Out of the 10-pumping 

stations, 9 are combined sewer system where only 1 was individual.  

• Pump station type 

Table 10. Data of pump station type 

 

The given result was based on whether given station was new or built for upgradation. Out of the total 10 

responses, 7 were the newly built stations and 3 were retrofit station.  

• Type of pre-treatment 

This question represented the type of pre-treatment applied in the selected pump station. Out of the 10 

response, 6 pump stations were without any kind of treatment whereas 4 stations were provided with screen 

pretreatment. 

 

 

 

 

 

 

Combined sewer system 
 

Yes 1 

No 9 

Pump station type 
  

New station  7 70,00% 

Retrofit station   3 30,00% 
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Table 11. Data of Pre-treatment type 

 

• Characteristics of pumping media 

Table 12. Pumping media characteristics 

 

Out of the total data gained, 3 pump stations were working under high Fat, Oil and Grease content wastewater 

while maximum are 4 stations were operating under high BOD.  Only 2 pump stations were working under 

high COD content media. 3 pump stations were working under high suspended solid content whereas only 2 

pump stations were operating under abrasive media. 

• Types of pumps hydraulics 

Table 13. Type of pump hydraulics 

 

Regarding, pump hydraulics, pumps were divided on the basis of impeller type. Pump efficiency was related to 

the type of impeller. Pumps which are operating with N- Technology impellers were most efficient so far. Out 

of the 10 responses, only 10% (1 Pump station) of pump had a close single vane impeller while 90% (9 pump 

station) of the pumps were working on N-Technology impeller 

• Type of pump’s machinery 

Table 14. Type of pump machinery 

 

What type of pre-treatment does the pump station have? 
  

No pre-treatment 6 60,00% 

Screen 4 40,00% 

Characteristics of pumping media / Quality of wastewater  
 

High FOG content (Fats, Oils, and Grease) 3 

High BOD content (Biochemical Oxygen Demand) 4 

High concentration of COD (Chemical Oxygen Demand) 2 

High suspended solids content (Heavy duty) 3 

Types of pumps hydraulics   
  

Closed single vane impeller 1 10,00% 

Pump with N-technology 9 90,00% 

Type of pump’s machinery 
 

Submersible  9 

Dry-pit motor   1 
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It was based on what type of pump motor they were using. Out of total 9 pump motors were submersible 

whereas only one motor is dry pit motor. 

• Pump installation 

Table 15. Type of pump installation 

 

Out of the total stations data, around 4 pump had dry installation while 5 had wet installation. 

 

• Designed by which producer 

Table 16.  Pump station provider 

 

Out of the total stations 30% stations were designed by Xylem and 10% were designed by other manufactures. 

Whereas 60 % pump stations were designed based on local standard. 

• Prefabricated pump station or not 

Table 17. Type of pump station 

 

Out of the total stations 30% stations were prefabricated by Xylem solutions while 70% were on site 

constructed. 

• Shape of the pump station 

Table 18. Shape of pump station 

 

Pump installation 
  

Dry 3 37,50% 

Wet 5 62,50% 

The pump station was designed/provided by 
 

Manufacture Xylem 3 

Manufactures (Other) 1 

Third party / Based on local standards (e.g. Hydraulics Institute (HI)) 6 

Is this a prefabricated pump station? 
  

Yes, Xylem (TOP) 3 30,00% 

No 7 70,00% 

Shape of the pump station 
 

Rectangular 4 

Circular 6 
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Out of the total pump stations, 40% pump stations were rectangular while 60% pump stations were circular in 

shape. 

• The control system is provided by 

Table 19. Control system provider 

 

60% Out of the total were provided with control system and they were provided by Xylem solutions whereas 

10% of control system provided by other pump manufacturer. 30% of pump stations provided with control 

system by third party. 

Table 20. Characteristics of control system 

 

• Function of the control system 

Basically, control system was differentiating on the basis whether it was SCADA, HMI or Remote Control. 

Almost 6 pump stations provided with SCADA, 2 pump stations provided with HMI Interface while only one 

station was provided with Remote Control system. For all the stations, control system designed for H2S 

Removal only. Control systems were divided on the basis of different functions. 

In 75% of control system it had start and running time counter function, 50% control system had random star 

level function, 25% has constant level control, 50% has speed control function, 75% of control system had 

The control system is provided by: 
  

Pump manufacturer (Xylem) 6 60,00% 

Pump manufacturer (Other) 1 10,00% 

The third party 3 30,00% 

Which function does the control system have? 
 

Communication functions 
 

SCADA - Supervision Control and Data Acquisition 6 

HMI - Human Machine Interface 2 

Remote control 1 

Cleaning functions 
 

H2S removal system 1 

Software of system control 
 

Start and running time counters                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       3 

Random start levels 2 

Constant level control  1 

Speed control 2 

High and low-level alarms  3 

Power failure 3 

Alarm logs  3 
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high- and low-level alarms, 75% stations had power failure function whereas 75% of control system had alarm 

log function. 

 

• Type of level sensor 

Table 21. Type of level sensors 

 

Different types of level sensors were used in the different pump stations. 57% of pump stations used pressure 

sensor, 57% used were floater sensor, 14% of pump stations were using optical probe sensor. 

 

• Reason for the ‘Call outs’ 

Table 22. Reasons of callouts 

 

 

 

 

 

There were different reasons for the call outs. Out of the total pumping stations, in 62.50% pump stations, 

clogging was the reason for call out in 37% stations pump over heating was the main reason, In 62% of stations 

flooding was the main reason whereas rest 50 % has other reasons to call outs.   

• Lifting equipment 

Table 23. Lifting equipment availability 

 

There were many reasons to lift the pump from the station. Out of the total pump stations, 60% of stations 

had lifting equipment available on site while in rest of 40% there was not any lifting equipment available. 

What type of level sensor is used in this pump station? 
 

Pressure sensor 4 

Float switch (floater) 4 

Optical probe 1 

Sonic  2 

What is the main reason for the ‘Call outs’? 
 

Clogging   5 

Pump(s) overheating 3 

Water level (flooding) 5 

Other (please specify):              4 

Is there any lifting equipment available on site? 
 

Yes 6 

No 4 
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4.2 Result of LCC Model and Pumping Stations 

The pumping station information which gathered form survey were divided in two groups. The first group 
included all non-prefabricated pump stations. The second group included 3 prefabricated pump stations. Thus, 
6 of 10 Pumping stations were involved into the analysis section.   

The unit of cost in this study was USD. The name of pumping stations was named by group number plus 
pumping station number. The nomenclature is shown in the following table, 

 

Table 24. Nomenclature of pumping stations 

Description Group name Pumping station Example 

Non-prefabricated pump station group G1 1,2,3,4 G1-1 

Prefabricated pump station group G2 1,2,3 G2-1 

 

4.2.1 Result of LCC Key Element Calculation Pumping Group G-1 

• Pumping station G1-1 

 

Fig. 19. Key LCC elements proportion of station G1-1 

Table 25. Table G1-1: Basic information for pumping station G1-1 

7%
7%

83%

3%

Cic Cin Ce Cm

Basic information of Station: Pumping station G1-1 

BEP: Flow 220 l/s (160 l/s average), Head 24.5m 

Not combined system 

Types of pumps hydraulics: N-technology 

4 pumps (include 1 standby) 

 

Pretreatment: Screen 

Lifetime: 20 years 
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Table 26. Results of cost in G1-1 

Pumping 
station 

C_ic  C_in  C_e  C_m  

G1-1 150000 150000 1899749 80374 

 

The pie chart of ‘Key LCC elements proportion of station G1-1’ showed the share of four selected LCC 
elements. The spending on C_e ranked first in pumping station 1, accounting for 83% of the total cost. The 
C_ic and C_in had same share and ranked the second place representing 7% of the total cost respectively. While 
the C_m was rather small, making up the last 3% of the total cost.  

Comparing to other pumping stations in this pumping station group, the proportion of maintenance and repair 
cost in G1-1 was much lower than the proportion in other pumping stations. The key influence factor that 
contributed to the low maintenance and repair cost (C_m) was the ‘Average times of Callout’ which only 
occurred once per year in this pump station. Numerous influences on the call-out can be sought in this study. 
For pumping station G1-1, the universal reason was the ‘leaky seal’ which was driven by the reliability of pump 
itself. 

• Pumping station G1-2 

 

Fig. 20. Proportion of key LCC elements of G1-2 

 

 

 

 

5% 1%

69%

25%

Cic Cin Ce Cm

Media: High suspended solids content (Heavy duty) 

Designed by: Third party / Based on local standards 

Average energy consumption: 707005kW/year 

Main reason for the ‘Call outs’: Leaky seal 

Average times of Callout: 1 / year 
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Table 27. Basic information for pumping station G1-2 

 

 

 

 

 

 

 

 

 

 

 

Table 28. Cost of LCC key elements of G1-2 

Pumping 
station 

C_ic  C_in  C_e  C_m  

G1-1 49869 6465 706153 258076 

 

The pie chart of ‘Key LCC elements proportion of station pumping station 2’ shows the share of four selected 
LCC elements. The cost on energy consumption ranked first in pumping station 2, accounting for 69% of the 
total cost. The C_m ranked the second place representing 25% of the total cost. While the C_ic and C_in were 
rather small, making up the last 6% of the total cost. 

Comparing with other pumping stations in this pumping station group, the Cm in pumping station G1-2 was 
higher than it in pumping station G1-1. The key influence factor contributing to the high Cm was the ‘Average 
times of Callout’ which could occur 24 times per year in this pump station. The main reason for call-out in 
Pumping station 2 was ‘flooding’. This situation can be traced to a multitude of factors which should be 
concerned in the pump station design stage.  

 

 

 

 

 

 

 

Basic information of Station: Pumping station  G1-2 

BEP: Flow 160 l/s (66 l/s average), 20m 

Combined system 

Types of pumps hydraulics: N-technology 

2 pumps (include 1 standby) 

Pretreatment: No 

Lifetime: 20 years 

Media: High FOG content 

Designed by: Manufactures (Other) 

Average energy consumption: 131400 kW/year 

Main reason for the ‘Call outs’: Flooding 

Average times of Callout: 24 / year 
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• Pumping station G1-3 

             

 

Fig. 21. Proportion of key LCC elements of G1-3 

Table 29. Basic information for pumping station G1-3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

32%

8%

14%

46%

Cic Cin Ce Cm

Basic information of Station: Pumping station G1-3 

BEP: Flow 50 l/s (6 l/s average), 11.3m 

Not Combined system 

Types of pumps hydraulics: N-technology 

2 pumps (Include 1 standby) 

Pretreatment: No 

Lifetime: 20 years 

Media:  High suspended solids content 

Designed by: Third party  

Average energy consumption: 15000KW/year 

Main reason for the ‘Call outs’: No 

Average times of Callout: 0 / year 
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Table 30. Cost of LCC key elements of G1-3 

Pumping 
station 

C_ic  C_in  C_e  C_m  

G1-2 95000 25000 40306 138134 

 

The pie chart of ‘Key LCC elements proportion of station pumping station G1-3 shows the share of four 
selected LCC elements. The C_m ranked first in pumping station 3 accounting for 46% of the total cost. 
Following cost was C_ic representing 32% of the total cost, which was higher than the cost share in other 
Pumping stations in this Pumping station groups. While the C_e and C_in were smaller representing 14% and 
8% respectively.  

Comparing with other Pumping stations in the pumping station group G1, the C_m in pumping station G1-3 
took significantly higher proportion in the total cost. In this G1-3, there was no requirement of ‘callout’; the 
planned maintenance cost took the main contribution of the maintenance cost. The highlight from the 
illustration is the much lower share of C_e vs. the above two Pumping stations. The reason was that the pump 
station only worked 2 hours per day in average. Thus, the average energy consumption was only 15000 KW 
per year. 

4.2.2 Result of LCC key element calculation pumping station group G-2 

• Pumping Station G2-1 

 

Fig. 22. Proportion of key LCC elements of G2-1 

 

 

 

 

 

 

 

44%

2%

42%

12%

Cic Cin Ce Cm
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Table 31. Basic information for pumping station G2-1 

 

 

 

 

 

 

 

 

 

 

 

 

 

• Pumping station G2-2 

 

Fig. 23. Proportion of key LCC elements of G2-2 

Table 32. Basic information for pumping station G2-2 

48%

2%

39%

11%

Cic Cin Ce Cm

Basic information of Station Pumping station G2-1 
BEP: Q 473m3/h, H13m 

Not Combined system 

Types of pumps hydraulics: N-technology 

2 pumps (1+1) 

Pretreatment: No 

Lifetime: 10 years 

Media: High BOD content  

Designed by: Institute (HI) 

Average starts and stops of pumps per day: 8 

Main reason for the ‘Call outs’: clogging 

Average times of Callout: 2 / year 

Basic Information of Station Pumping Station G2-2 

BEP: Q 265 m3/h, H 22m 

Not Combined system 

Types of pumps hydraulics: N-technology 

4 pumps (3+1) 

Pretreatment: Screen 
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• Pumping Station G2-3 

 

Fig. 24. Proportion of key LCC elements of G2-3 

 

Table 33. Basic information for pumping station G2-3 

48%

2%

38%

12%

Cic Cin Ce Cm

Lifetime: 10 years 

Media: High BOD content  

Designed by: Institute (HI) 

Average starts and stops of pumps per day: 7 

Main reason for the ‘Call outs’: No 

Average times of Callout: 0 / year 

Basic Information of Station: Pumping Station G2-3 

BEP: Q 220 m3/h, H 15m 

Not Combined system 

Types of pumps hydraulics: N-technology 

3 pumps (2+1) 

Pretreatment: Screen 

Lifetime: 10 years 

Media: High BOD content  

Designed by: Institute (HI) 

Average starts and stops of pumps per day: 135 

Main reason for the ‘Call outs’: clogging 
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Table 34. Cost of LCC key elements for pumping station Group G2 

Pumping 
station 

C_ic C_in C_e C_m 

G2-1 280000 11200 223546 65018 

G2-2 235200 7000 223546 67000 

G2-3 266000 14000 212082 64800 

 

From the group of charts, we can see clearly that these three prefabricated stations showed the similar cost 
composition of the four selected cost elements. 

The two major cost elements were C_ic and C_e which accounted for almost 90% of the total cost, where in 
Pumping station G2-2 & G2-3, the C_ic represented almost half of the total cost. The C_m followed these two 
with around 12% of the total cost. While the least one cost was C_in, representing only 2% out of the total 
cost. 

4.3  Result from Concertor Calculation Model Test 

The test was included 5 pumps in 5 selected stations which were able to gather the input data of static head, 
total head, previous pump power, running hours. The lifetime was assumed as 20 years. 

4.3.1 The Input data as following: 

Table 35. Input data of concertor calculation model(R1) 

Input/Test Nr Test 1 Test 2 Test 3 Test 4 Test 5 

Head Total [m] 12 13 20 14,3 8,2 

Head static [m]  8 2,3 13 7,6 5,4 

Convectional pump power 5,9 5,9 5,9 7,5 7,5 

Pretreatment  No No No No No 

Lifetime 20 20 20 20 20 

Running hours 16,2 2,2 6,3 3,8 20,3 

 

4.3.2 Excel Calculation Model.  

Table 36. The calculation model (R2) 

Nr Input Option      

1 Project type Retrofit     

2 Capacity  Flow [l/s]  
 

  

    Head Total [m]    

Average times of Callout: 1.5 / year 
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    Head static [m]     

    Hs/H   % 

  Lifetime  Year    

3 Pretreatment  Yes(Screen) / No     

  Running hours /day 
 

  

  Type of hydraulic   Impeller type C N 

4 Clogging rate  Times/Year 0,75 0,25 

  Interest rate /year 3%   

  Pump model   
Test 
Pump 

Concertor 
XPC 

  Pump power  kW   

  Cost for pump   USD   

  Unplanned maintenance cost      

  Net unplanned maintenance cost (Inflation rate 3%)     

     

  Daily running hours  Hr/day   

  Concertor energy consumption level (Power)  kW   

  Energy consumption   (kW/Year)   

  Energy cost  USD   

  Net energy cost (Inflation rate 3%, energy inflation rate 3%)   USD   

  Planned maintenance cost (include sump and pipe cleaning )   USD   

  Net planned maintenance cost   USD   

  Installation cost    USD   

  Total cost for 20 years   USD   

 5  LCC saving proportion      

  LCC    USD 100%  

  Energy cost    USD 100%  

  Planned maintenance cost   USD 100%  

  Unplanned maintenance cost    USD 100%  

 

4.3.3 The Model Excel Sheet Result from Test Pumping Stations 

The test results showed corresponding results versus the actual saving mentioned above. In all the five tests, 
the saving on energy consumption was between 20% to 50%, which was within the range of 0-70% of designed 
saving potential. The saving on maintenance cost was between 60% to 80%, which was also within the 0-80% 
designed saving potential. 
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Xylem Concertor is an integrated type of pump which integrates an integrated control system e.g. energy 
minimizing. Concertor pump design to offer owner a low cost and high reliability pump system. The costs 
saving was reflected two indicators as following: 

Energy consumption: Energy consumption can be saved up to 70% comparing with a conventional system 

Clog-free technology and self-cleaning function: Clog-Free technology and self-cleaning function save up to 
80% on vacuum cleaning costs which can certainly cause a lower total maintenance cost. 

The following charts showed the data of test result:  

 

   

Fig. 25. Test result 1(R3)        Fig. 26. Test result 2(R4) 

    

Fig. 27. Test result 3(R5)          Fig. 28. Test result 4(R6) 

 

Fig. 29. Test result 5(R7) 

100% 100% 100% 100%
66% 81%

25% 33%

0%

50%

100%

150%

TEST 1

Test conventional pump Concertor

100% 100% 100% 100%

36% 46%
23% 25%

0%

50%

100%

150%

TEST 2

Test conventional pump Concertor

100% 100% 100% 100%
66% 81%

25% 33%

0%

50%

100%

150%

TEST 3

Test conventional pump Concertor

100% 100% 100% 100%

47%
71%

21% 33%

0%

50%

100%

150%

TEST 4

Test conventional pump Concertor

100% 100% 100% 100%

45% 49%
20% 38%

0%

50%

100%

150%

TEST 5

Test conventional pump Concertor
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5. Discussion  

The rate of success in LCCA implementation for the industries like wastewater pumping includes the extent to 
which LCCA helps to optimize the total cost of owning and operation the physical assets, achieve lower 
maintenance cost, allow longer useful life, overcome problems of limited funds and achieve lower initial cost 
(Ardit, 1999) 

Therefore, key objective in doing LCCA analysis is to minimize total cost of whole system, which involves 
trade-off between the elements of LCC analysis.  

Since the pump is one of the crucial part in the wastewater pumping system which absorbs large portion of 
energy to transport the fluid, it is central for all life cycle costs of any piping system (Pump life cycle costs: A 
guide to LCC analysis for pumping systems, Euro pump and Hydraulic institute, Executive Summary, 2004). 
The pumps contribute major portion of expenditure (CAPEX) in wastewater pumping. It accounts for the 20 
to 25 % of all components used. Though initial cost is one of the important part of the total LCC of any 
industrial pump but other operating costs such as maintenance, repair and energy account for nearly half of it. 
Despite this the purchasing team has to made decisions based on initial purchase cost instead of total operating 
cost of the WWP. 

Following is the general discussion on different parameters. 

5.1 Pump Station Design                                

5.1.1 Required Design Capacity  

Maximum/Minimum/Normal flows to be pumped must be consider. It means during peak flows like storm 
water runoff, pump should be accommodated peak demand, or It has to accommodate the normal demand 
with one duty pump. Sometimes it is better to install small size pumps in order to reduce initial cost or future 
extra cost which is associated with excavation, concrete and ventilation. Also minimizing the number of pumps 
minimizes capital cost. Once it is confirmed on preliminary selection of pump size, next stage is to examine 
complete range of operating conditions.  

Thus, the capacity is one of the factors which will certainly impact the initial cost. 

5.1.2 Wastewater Characteristics 

The characteristic of the fluid to be pumped have obvious effect on pump selection process. Wear resistance 
and solids passing capability are the peculiarities since it contains sand, grit and floating debris. Therefore, 
pumps which are capable to pass different qualities of fluid need to be selected. For abrasive liquid and stringy 
material pumps must be capable to handle appropriate inlet velocities with round impeller edges and should be 
configured with non-clog services.  

The characteristics of wastewater is the influencing factors to identify the system requirement of pretreatment 
process and pump selection in the selected station group in this thesis. The characteristics of wastewater were 
determined in three aspects, quantities or size of gross solids, grit quantities or sizes and quantities of hydrogen 
sulfide, and then specified into five characteristics which are high FOG content (Fats, Oils, and Grease), high 
BOD content (Biochemical Oxygen Demand), high concentration of COD (Chemical Oxygen Demand), high 
suspended solids content (Heavy duty) and high grit content (Abrasive media). 

The pretreatment processes which were considered in the thesis included screen, grit chamber, retention basin 
and primary sedimentation. 

According to the above, design capacity and wastewater characteristics were significant factors for the selection 
of pump hydraulic, pretreatment design and maintenance rate. Both factors influenced the initial cost and 
maintenance cost.   

https://epd.georgia.gov/sites/epd.georgia.gov/files/related_files/site_page/devwtrplan_b.pdf
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5.1.3 Types of Pump Intake Basins 

Rectangular: Rectangular intake basin may lead to high cost because of the size which is related to the civil 
work. When the large floor combines with the low velocity, the risk of deposition is higher than other shapes 
reference.  

Circular: Circular intake basin has advantage of low cost. It is the typical shape for submersible pumps; and it 
can be used with dry pit pump as well. The disadvantage of the circular shape is the cleaning wastewater wet 
wells, which either requires hopper bottoms or practical approach to mix and blend scum and sludge.  

Therefore, the shape of intake basin would mainly influence the initial cost and planned maintenance cost. 

5.1.4 Running Hours 

Pumping station G1-3 reflected another typical scenario that the pumping system had high reliability, but the 
maintenance cost occupied a big proportion in the LCC. The ‘running hours’ made the biggest contribution in 
this scenario. 

According to these 3 Pumping stations in group G1, running hour can be assumed as a high sensitive 
influencing factor for pump system LCCA. The maintenance cost would take a big proportion for both high 
reliability and low reliability system. 

5.1.5 Start-Up 

Fluid velocity can be increased rapidly by pump start-up. It raises the risk of undesirable surge. With soft start 
function, this risk can be reduced in general. None of the pumping stations in this study could show a significant 
interaction between start-up and any specific cost element. It could be further discussed by the statistical analysis 
based on a sufficient sample size.  

5.2 Pump Selection  

After identifying the influencing factors which have been discussed above, in terms of selecting suitable type 
and size of pump for target station, the initial selection factors include design capacity and operating conditions. 
In general, the design capacity concerns flow rates of minimum, average and maximum; the operating 
conditions are determined by system head curves, flow rates, submergence and/or NPSH (Net Positive Suction 
Head). 

Hence final selection of pump includes more critical details reviewing which should be consider in initial 
screening, also detailed discussion with manufacturers and clients is of prime importance performing detail 
analysis of pump hydraulics and considering the performance of pumps at possible operating conditions 
provide them/to the candidate with all details of hydraulics requirements, station layouts, detailed system curve 
structure and all other specifications.  

Therefore, as a crucial part in the pump station, pump selection will certainly impact all of the key cost elements 
in the life cycle cost.   

5.3 Operating Conditions  

It is one of the important factors in pump selection process since operating at minimum flow, Net Positive 
Suction Head and limitation on submergence are keystone parameters in pump selection process.  

If there is not enough Net Positive Suction Head available at pumping station site, constant speed and vertical 
turbine barrel pumps are preferred. When there are chances of fluctuating inlet head, it requires high shut off 
head. In some pumping stations elimination of propeller pumps has preferred because it needs high power 
when valve is closed.  
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Therefore, to work against closet valve would require large motors and switchgear which later increases cost of 
ownership. Selection of size and location of site is also one of the deciding factors in pump selection process. 
If there is small site available, then it is preferred to have vertical pump in order to reduce floor plan. If there 
is option of only shallow pump station, horizontal pump is preferred to reduce headroom which is required for 
crane which later minimize the deadweight of the superstructure.  

Weather condition is also one of the factors in consideration concerning noise. Selection of pump is also based 
on in which mode they are expected to work, like pump with sloping head capacity curve (H-Q) are suitable 
for variable speed drive applications, while pumps with flat H-Q curve are not suitable for V/S operations.  

5.4 Pump Control System 

For the pump which works in a completely automatic wastewater pump station with self-cleaning function, the 
following pump controllers are required: 

• Self-checking: checking the malfunctions related to pump, controller, pressure transducer; sending 

alarm to central facility with malfunction information. 

• Sending alarm to central facility for Highest High-Water Level (HHWL) from a float switch. 

• Alternate the main pumps. 

• Lock the small pump when it cannot handle the excessive flow rate. 

• Low water level checking. 

• Immediately shut down function when detect loss of prime. 

5.5 Rate of Unplanned Maintenance 

From the pumping station Group G1, Pumping station 1 and Pumping station 2 showed an opposite 
scenario. In pumping station G1-1, the pump system reflected high reliability, the unplanned maintenance rate 
was only once per year. Based on the low quantity of maintenance cost, the results of LCC key elements 
proportions provided a structure represented a low maintenance, low initial cost and high energy cost picture. 
In pumping station G1-2 the pump system reflected low reliability, the unplanned maintenance rate which was 
24 times per year made biggest contribution to unplanned maintenance cost.   

These two pumping stations were typical samples which showed that the influencing factor ‘unplanned 
maintenance rate’ could certainly impacted the reliability of pumping system and then impacted the whole 
maintenance cost. 

5.6 Prefabricated Pump Station  

In general, prefabricated pump station offer a high reliable and cost-effective pumping system. Prefabricated 
pump station is pre-assembled with discharge connections, valves, discharge piping, and inlet and outlet 
connections that connects to the site requirements. The station can made of Glass-fiber-Reinforced-Polymer 
(GRP), plastic or other similar lightweight materials, which can provide a strong, lightweight with high 
resistance to corrosion.  

Installation of the pump station is easier than conventional pump station and requires shorter working time. 
With optimized geometry, minimal space requirement, and self-cleaning function, it can significantly reduce the 
risk of sedimentation on the sump floor. 

In this study, all three pumping stations in G2 group showed the very similar proportions of key cost elements. 
Compared with G1, however, there was no significant similarity. The most obvious difference was the 
proportion of C_ic. In G2 group, all of three pumping stations showed higher proportion than G1 group. 
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Thus, based on the function and features of prefabricated pump station and considering the results in the 
finding section, it would be better taking prefabricated pump station as an independent category to do the 
further LCC model refining and influencing factors analysis. 

5.7 Analysis of Concertor LCC Comparison Model 

Based on the data which was provided by the selected company (Xylem), the default settings of required 

coefficients and data related to C_in and C_ic were fully based on real data. The main differences of results 

were caused by the calculation of C_e and C_m. Thus, the model refining, formula adjustment and maintenance 

coefficients selection should be based on the statistical analysis with a sufficient sample size.  

5.8 Limitation of the Study 

Firstly, the given LCC analysis is time consuming which took longer time to gather the require data. Therefore, 
in spite of obvious long-term benefits of life cycle costing its adoption is relatively slow and main reason which 
makes this process slower is lack of enough and reliable data and process of gathering data. 

The thesis work cannot give guarantee on the accurate of results since the available data was very limited to 
complete core analysis, therefore material and energy flow analysis also cannot be performed. Due to the 
insufficient data, the given work does not include sensitivity and statistical analysis. 

Though WWP system with Concertor could help to save net energy and net maintenance cost as compared to 
conventional products pertaining with its operations for designed period, but initial investment cost for WWP 
with Concertor is high. 

There are different phases associated with analysis of pumping system. The given work was carried out with 
objectives of identifying possible pump changes to improve system performance and effectiveness, calculate 
LCC on possible pump and pump station changes and procurement of any required equipment changes using 
LCC. However, this study doesn’t include the consideration of other pumping system analysis parameters, such 
as determination of system loads, minimization of system losses, system components and types of power 
transmissions. 

Secondly most important limitation of our thesis work is it is limited only for reported pumping station studies 

and the data gathered from the respondents do not necessarily represent all the practices used in pumping 

stations. 

The amount of data collected is dependent on the basis of designed set of questionnaires. Few respondents 

could reply quickly as it may be easier for them to go through each question, but few respondents may take 

longer time since it may be time consuming for them to answer each question and that slower the data collection 

process. 

For most of the questions the response rate was high while few questions remain unanswered. This may lead 

not to reach expected realistic results. 

In some collected data, deficiencies in reporting may be led to wrong interpretation from actual method like 

calculations may have been performed at lower level of detail than at which they have actually been performed. 
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6. Conclusion and Future Study 

6.1 Conclusion of Key LCC Elements  

Though there are many sensitive cost factors related to better performance of pump hydraulics, control system, 

and pump station but out of the total parameters as mentioned in Standard LCC formula, it is observed that 

there are four major keystone sensitive parameters namely C_in, C_ic, C_m and C_e which has more 

contribution in total cost of ownership than any other parameters. 

Life-cycle costs mainly depend on initial cost, energy costs and maintenance costs. Unfortunately, maintenance 

cost is the most uncertainty parameter in these three, because the predication of maintenance cost has to 

concern different influence factors and the interaction in every specific system. In most contexts, the factors 

related to maintenance cost are hard to quantify. Thus, to provide a set of predictable factors which can be 

quantified is a fundamental requirement for a “simplify LCC calculation” model. 

6.2 Conclusion for General LCC Model  

The mentioned 6 pumping stations reflected the connection between some influencing factors and the LCC 

elements. 

The impact from rest of the influencing factors on the LCC elements remain uncertain, the verification of 

whether any connection exists in between the rest influencing factors and the LCC elements requires statistical 

analysis with extra data support.  

Table 37. Conclusion of influencing factors (C1) 

 
Influencing factors Impact 

1 Pump station capacity ALL 

2 Combined or not ALL 

3 Wastewater characteristics C_m 

4 New or retrofit station C_in, C_ic, C_m 

5 Pre-treatment Cm 

6 The best efficiency point ALL 

7 Pumps hydraulics C_m 

8 Submersible or dry-pit motor C_m 

9 Pump insulation dry or wet C_m 

10 Prefabricated or not C_m 

11 Active volume NA 

12 Shape of the pump station NA 

13 The average starts and stops NA 
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14 Running hours C_e 

15 Hydraulics design C_m, C_e 

 

6.3 Conclusion for Concertor LCC Comparison Model 

In terms of the Concertor LCC comparison model, the strength of this model was presented in this section. 

Meanwhile, to provide more practical and credible calculation results, model refining is necessary. 

6.3.1 The Strength of Concertor LCC Comparison Calculator  

• Less input: this model only requires 5 inputs. All of these 5 inputs are the basic data which can 

gather form the design stage. 

• Obvious results: the output of this model is a clear picture which shows how much proportion of 

cost can be saved. It avoids the risk of uncertainty by providing the exact number of cost. since 

in different context, the exact number of cost would be different, for instance, different countries 

have different salary level. 

• Avoid the impact by some coefficients: The model can avoid the impact by the impact related to 

coefficients which will change during overtime such as interest rate. 

6.3.2 Model Refining Potential of Concertor LCC Comparison Calculator  

• Deviation between the potential average running power and the actual average running power: 

the calculation results of potential average running power of Concertor still show deviation versus 

the real data which gathered from the test pump stations.  

• Require sufficient data to support the calculation and model refining: to provide a statistical 

analysis for refining this model, the sufficient data is required. For each factor, 30 Pumping 

stations is the minimum sample size which we have decided.  

• Adjustment of calculation formula: the current formula only covers limited factors, nevertheless, 

to get the result which could be closer to the reality, more factors are required. Thus, the 

adjustment of calculation formula is necessary in future.  
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6.4 Future study  

As discussed in the “Limitation of the study” section, the insufficient data is the primary reason of lacking 

guarantee to the results accuracy. The limitation on the data also considerably restraints the possibility to refine 

the statistical method and the calculation model. Therefore, the focus of future study should fall on 

improvement of data gathering approach and increasing sample space so that the statistical methods can be 

applied. 

To provide a more accurate results which can reflect the interaction between influencing factors and cost 
element, firstly, a larger sample space which should satisfy the requirements of statistical analysis is required. 
Therefore, for gathering more data, it is necessary to adjust the survey by improving the focus and questions, 
so that the respondents would have more opportunities to find the relevant data.  

Secondly, to reflect the interaction between influencing factors and cost element, the statistical methods which 
aim to determine whether there is any statistically significant difference between two or more independent 
factors, such as ‘one-way ANOVA’ or/and ‘N way ANOVA’, should be applied into the data analysis sections.  

Thirdly, to provide the results which are closer to the real operating conditions, the calculation formula in the 
model should be refined based on the further data gathering, real testing data and statistical analysis. 
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8. Appendix 

Appendix 1 

Technical survey for Life Cycle Cost Analysis (LCCA) of Network Wastewater 

Pump Stations  

Introduction 

This survey is a part of master thesis project on “Life Cycle Cost Analysis and Optimization of Wastewater 

Pumping Systems” which co-responded by the Royal Institute of Technology (KTH in Sweden) and GC–

Transport (Xylem). KTH Royal Institute of Technology in Stockholm is Sweden’s largest and oldest technical 

university. The university is working with industry and society in the pursuit of sustainable solutions to the 

humanity’s greatest challenges: climate change, future energy supply, urbanization etc. Meanwhile, KTH is 

addressing these with world-leading, high-impact research and education in natural sciences and all branches of 

engineering, as well as in architecture, industrial management, urban planning. 

The primary purpose of this thesis work is to: 

• Investigate the globally existing wastewater pumping systems and categories them profoundly. 

• Identify the key components to achieve an efficient wastewater pumping system.  

• Find the importance of each component on the operation of the system.  

• Identify the potential energy and cost saving.  

• Identify key design elements for a wastewater pumping system and the interaction of operational 
factors.  

The purpose of this survey is to collect data utilizing the global network of wastewater pumping system 

owners. The valuable information and data you provide will be the core for conducting this study and will be 

used to identify key design elements for a wastewater pumping system and evaluate the relative quantitative 

importance of them.  

The data collection will involve several aspects as following: 

• Basic information  

• Pump information    

• Investment information  

• Energy consumption 

• Pump Station design 

• Control system information  

• Maintenance  
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Your valuable support will help us in Xylem to improve the technologies we have, develop new solutions, 

help us validate the services we provide to our customers and provide more sustainable and cost saving 

solutions to them which will enable to sustain the lowest total cost of ownership.  

The information gathered is confidential, and the answers will only be processed as statistical 

observations. Be assured that all answers you provided will be kept in the strictest confidentiality.  

Some notes before you start: 

• This survey is made in 7 parts in total. The questions start on general information about the pumps and the 

pump station and then move to the data on investment. This is followed by questions on the station design 

and the monitoring and control provided for the station. The survey is finalized with questions regarding 

the services and maintenance. Some of the questions require communication with the costumer to get some 

simple information or operational data from the customer.  

• For the pump station selection, please pre-select your Network Wastewater Pump Station in the pump flow 

capacity range of 20 - 350 liter/sec that you have access or can acquire information on the aforementioned 

categories before starting the survey. This is suggested to keep the process of selection as a random process. 

• For the question which you may not be able to answer or the data is not available, please mark with ‘NA’. 

Part 1 Basic information  

1. Location of the pump station (Country): 

2. Pump delivered year (yyyy): 

3. Pump station started to work time (yyyy): 

4. Pump station capacity (please specify with the unit) 

a) Designed capacity: 

b) Average operational capacity: 

5. Is it for a combined sewer system? 

 Yes 

 No 

6. Pump station type: 

 New station  

 Retrofit station   

7. What type of pre-treatment does the pump station have? (Multiple choice) 

 No pre-treatment 
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 Screen 

 Grit chamber  

 Retention basin 

 Primary sedimentation 

8. Characteristics of pumping media / Quality of wastewater (Multiple choice) 

 High FOG content (Fats, Oils, and Grease) 

 High BOD content (Biochemical Oxygen Demand) 

 High concentration of COD (Chemical Oxygen Demand) 

 High suspended solids content (Heavy duty) 

 High grit content (Abrasive media) 

9. What is the design life time for this pump station (in years): 

Part 2 Pump information    

10. Number of pumps installed in the station:  

11. Number of stand by pumps (if you don’t have, please fill in 0): 

12. The best efficiency point (BEP) of the pump optimal capacity (please specify with the unit): 

13. Types of pumps hydraulics (Multiple choice, if it is mix):  

 Open single vane impeller  

 Closed single Vane impeller 

 Closed two Vane impeller 

 Pump with screw impeller  

 Pump with vortex impeller  

 Pump with N-technology 

 Other impeller type, if so please specify:          

14. Type of pump’s machinery 

 Submersible 

 Dry-pit motor  

https://epd.georgia.gov/sites/epd.georgia.gov/files/related_files/site_page/devwtrplan_b.pdf
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15. Pump insulation 

 Dry  

 Wet 

Part 3 Investment information  

NOTE: Please fill in the investments/costs with your Billing Currency/ Local Currency. 

16. Total investment of the project (exclude civil works):  

(NOTE: The total investment of the project = Initial Investment Costs + Installation and commissioning 

cost; or = ‘Total project estimate investment – civil works’) 

17. Investment of pumps and auxiliary system only: 

18. Cost for station design: 

19. Cost for control system: 

(NOTE: If the control system was offered for free, please write ‘Free’ instead of ‘0’) 

Part 4 Energy consumption 

NOTE: Please fill in the energy consumption in KW (Kilowatt).  

20. Average operational energy consumption of the pump station:  

Part 5 Pump Station design 

21. The pump station was designed/provided by:   

 Manufacture Xylem 

  Manufactures (Other) 

  Third party / Computational Fluid Dynamics (CFD) design 

  Third party / Based on local standards (e.g. hydraulics Institute (HI)) 

22. Design energy consumption (based on design capacity):  

If data for Q22 is not available please fill in following data: 

a) The power needed of the pump station (rated power drawn from the net, not the motor capacity): 

b) Duty point 

• Flow (please specify with the unit) 

• Head (please specify with the unit) 
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c) Name and model of the pump(s) 

23. Is this a prefabricated pump station? 

 Yes, Xylem (TOP) 

 Yes, Third party 

 No 

24. What is the active volume (Please specify with the unit): 

25. Shape of the pump station 

 Rectangular  

Please specify length and width: (Please specify with the unit) 

 Circular  

Please specify diameter: (Please specify with the unit) 

26. The average starts and stops of pumps per day: 

27. Running hours (hr/year/month/week/day, please choose one based on your available data and specify) : 

 

Part 6 Control system information  

28. The control system is provided by: 

  Pump manufacturer (Xylem) 

  Pump manufacturer (Other) 

  The third party 

  No control system 

29.  Which function does the control system have? (Multiple choice)  

Communication functions 

 SCADA - Supervision Control And Data Acquisition 

 HMI - Human Machine Interface 

 Remote control 

Cleaning functions 

 Flush valves 
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 Mixers 

 H2S removal system 

Software of system control   

 Start and running time counters                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       

 Random start levels 

 Constant level control  

 Speed control 

 Dry run protection  

 High and low level alarms  

 Power failure 

 Energy minimizer  

 Alarm logs  

30. What type of level sensor is used in this pump station? (Multiple choice) 

 Pressure sensor 

 Float switch (floater) 

 Optical probe 

 Sonic  

Part 7 Maintenance 

In part 7, the questions will ask the information related to the cost, frequency and reason for 

maintenance of the selected pump station. For time unit, please choose one of 

yearly/monthly/weekly/daily based on your available data and specify. For ‘cost’, please fill in the 

investments/costs with your billing currency/ local currency. 

31. Cost for planned maintenance of this pump station: 

32. Average time s of visits for an unplanned maintenance (Callouts): 

33. Cost for ‘Callouts’: 

34. What is the main reason for the ‘Call outs’? 

 Clogging   
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 Pump(s) overheating 

 Water level (flooding) 

 Other (please specify):              

35. How the cost for the planned and unplanned maintenance align with the cost for a typical station in this 

size range 

 Similar 

  Much lower - (please specify ) 

  Much higher - (please specify) 

If ‘Much lower / Much higher’, please specify in percentage and the main reason: 

36. Is there any lifting equipment available on site? 

 Yes  

 No 

37. Application engineer contact details  

Name (Surname Forename/s):                            Email: 

Appendix B 

Results from collected data 

Table X. Result of the Survey 

Question 
Number  Survey Question Series 1 (#) Series 1 (%) 

1 Is it for a combined sewer system? 
  

 
Yes 1 10,00% 

 
No 9 90,00% 

2 Pump station type 
  

 
New station  7 70,00% 

 
Retrofit station   3 30,00% 

3 What type of pre-treatment does the pump station have? 
  

 
No pre-treatment 6 60,00% 

 
Screen 4 40,00% 

 
Grit chamber  0 0,00% 
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Retention basin 0 0,00% 

 
Primary sedimentation 0 0,00% 

4  Characteristics of pumping media / Quality of wastewater  
  

 
High FOG content (Fats, Oils, and Grease) 3 30,00% 

 
High BOD content (Biochemical Oxygen Demand) 4 40,00% 

 
High concentration of COD (Chemical Oxygen Demand) 2 20,00% 

 
High suspended solids content (Heavy duty) 3 30,00% 

 
High grit content (Abrasive media) 2 20,00% 

5 Types of pumps hydraulics   
  

 
Open single Vane impeller  0 0,00% 

 
Closed single Vane impeller 1 10,00% 

 
Closed two Vane impeller 0 0,00% 

 
Pump with screw impeller  0 0,00% 

 
Pump with vortex impeller  0 0,00% 

 
Pump with N-technology 9 90,00% 

 
Other impeller type, if so please specify:          0 0,00% 

6 Type of pump’s machinery 
  

 
Submersible  8 88,89% 

 
Dry-pit motor   1 11,11% 

7 Pump insulation 
  

 
Dry 3 37,50% 

 
Wet 5 62,50% 

8 The pump station was designed/provided by 
  

 
Manufacture Xylem 3 30,00% 

 
Manufactures (Other) 1 10,00% 

 
Third party / Computational Fluid Dynamics (CFD) design 0 0,00% 

 
Third party / Based on local standards (e.g. hydraulics Institute (HI)) 6 60,00% 

9 Is this a prefabricated pump station? 
  

 
Yes, Xylem (TOP) 3 30,00% 

 
Yes, Third party 0 0,00% 

 
No 7 70,00% 

10 Shape of the pump station 
  

 
Rectangular 4 40,00% 

 
Circular 6 60,00% 
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11 The control system is provided by: 
  

 
Pump manufacture (Xylem) 6 60,00% 

 
Pump manufacture (Other) 1 10,00% 

 
The third party 3 30,00% 

 
No control system 0 0,00% 

12 What type of level sensor is used in this pump station? 
  

 
Pressure sensor 4 57,14% 

 
Float switch (floater) 4 57,14% 

 
Optical probe 1 14,29% 

 
Sonic  2 28,57% 

13 What is the main reason for the ‘Call outs’? 
  

 
Clogging   5 62,50% 

 
Pump(s) overheating 3 37,50% 

 
Water level (flooding) 5 62,50% 

 
Other (please specify):              4 50,00% 

14 Which function does the control system have? 
  

 
Communication functions 

  

 
SCADA - Supervision Control and Data Acquisition 6 85,71% 

 
HMI - Human Machine Interface 2 28,57% 

 
Remote control 1 14,29% 

 
Cleaning functions 

  

 
Flush valves 0 0,00% 

 
Mixers 0 0,00% 

 
H2S removal system 1 100,00% 

 
Software of system control 

  

 
Start and running time counters                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       3 75,00% 

 
Random start levels 2 50,00% 

 
Constant level control  1 25,00% 

 
Speed control 2 50,00% 

 
Dry run protection  0 0,00% 

 
High and low level alarms  3 75,00% 

 
Power failure 3 75,00% 

 
Energy minimizer  0 0,00% 

 
Alarm logs  3 75,00% 
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15 
How the cost for the planned and unplanned maintenance align with the 
cost for a typical station in this size range 

  

 
Similar 

 
100,00% 

 
Much lower- (please specify ) 

 
0,00% 

 
Much higher - (please specify ) 

 
0,00% 

16 Is there any lifting equipment available on site? 
  

 
Yes 6 60,00% 

 
No 4 40,00% 
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