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ACRONYMS AND DEFINITIONS

The acronyms and definitions below refer to common concepts used throughout this manual.

Acronyms

AP Action plan
AWG American Wire Gauge units
EEP Energy efficiency program
Effic Efficiency
EI Energy index
HP Horsepower
Hb Pumping head
Ia  Electrical current in phase a
Ib  Electrical current in phase b
Ic  Electrical current in phase c
IDB Inter-American Development Bank
IGEA Investment Grade Energy Audit
kW Kilowatt
kWh Kilowatt-hour
kVA Kilovolt ampere
kVAr Reactive kilovolt ampere
LF Load factor
mwc Meters water column
mm2  Square millimetres
Nr Reference level
Ns Suction level
(Dr-m) Distance from reference level to manometer or pressure gauge
PF Power Factor
Ps Suction pressure
Pd Discharge pressure
Q Flow of water
R.P.M. Revolutions per minute
S.F. Service factor
UCE Unit cost of energy
WSC Water and sanitation company
$ Monetary symbol

Definitions

Active power – power consumed by an electric motor that becomes useful work.

Apparent power – sum of active and reactive powers or the product of current and voltage.

Drinking water – colorless, tasteless, and odorless liquid found in nature or produced through a 
purification process; used for human and animal consumption.
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Electric current – flow of electric charge in ampere (A) that passes through a conductor with resistance 
(R) under voltage (V).

Electric power – power in watts of energy required by the electric motor attached to the pump and in 
normal operation.

Electric voltage – difference in electrical tension between two points in a circuit.

Flow – volume of water measured in a unit of time, usually expressed in liters per second.

Friction factor – coefficient of friction of water with the pipe walls. This factor depends on the material 
that the pipe is constructed of, or lined with; the diameter of the pipe; and water velocity.

Gauging – measurement of the flow of a liquid through a pipeline.

Leaks – escape of water from a water pipeline network.

Net pumping head – algebraic sum of loading gauge pressure measured at the discharge, corrected 
with the height to the line of the centers of the pressure gauges, the dynamic level, the friction losses 
in conduction pipelines, and the velocity head.

Power factor (PF) – relationship between the active power and the apparent power; the power factor 
describes the relationship between the power converted into useful and real work and the total power 
consumed

Pump – hydraulic machine that converts mechanical energy into pressure, which is transferred to the 
water.

Reactive power – power consumed by an electric motor to generate the necessary magnetic field for 
its functioning. In the triangle formed by the active power, apparent power, and electric power, the op-
posite leg is the reactive power, the adjacent leg is the active power, and the hypotenuse is the appar-
ent power. The angle θ is formed between the apparent power and active power, and the power factor 
is Cos θ.

Reference level – level selected as a reference for all hydraulic measurements, typically flat bottom 
mounting of the pumping equipment.

Suction level – vertical distance from the reference level to the surface of the water when pumping 
equipment is in operation.

Suction pit – additional hydraulic structure of the hydraulic system which serves as a staging for 
pumping any fluid from a lower to a higher level; used for drinking water, treated water, sanitary drain-
age, and rain drainage

Velocity head – kinetic energy-per-unit weight of the fluid in motion.

Water source – site which intakes the drinking water to supply to the distribution system.



Chapter 1

INTRODuCTION

The primary role of a water and sanitation company (WSC) is to provide water to the population and 
play a vital role in water management. Continuous urban growth has led to increased demand and 

exploitation of water supplies, and therefore an increased amount of energy is used to extract and dis-
tribute this vital resource to the population. Limited energy resources and water supply, and a lack of 
environmental awareness and care in the region have set a challenge for Caribbean water and sanita-
tion companies, where the major task is to increase access to service, while trying to maximize energy 
and water resources and minimize negative environmental impacts.

The water and sanitation sector in the Caribbean requires constant upgrades in infrastructure as well 
as adjustments in its operations to promote the efficient use of water and energy in drinking water sys-
tems. However, economic resources in the region are scarce, thus preventing the development of a 
comprehensive, integrated plan to solve the problem.

Energy efficiency measures, when applied to an integrated plan, can defer and in some cases eliminate 
the need for investment in additional infrastructure. Creating a comprehensive plan for energy efficien-
cy improvements in public water services is a worthy investment because it can yield returns in the 
form of savings in operational costs by increasing the level of service and giving financial sustainabili-
ty to the water and sanitation company.

The Inter-American Development Bank (IDB), aware of the problems facing Caribbean countries, has 
launched the project «Energy Efficiency in Water and Sanitation Companies of the Caribbean,» assist-
ing each country to develop an energy efficiency plan (EEP) with the overall objectives of improving 
energy efficiency and reducing energy costs in the Caribbean water and sanitation sector.

The specific objectives are to provide a general methodology for Caribbean countries, develop an ac-
tion plan to increase energy efficiency that helps utilities self-evaluate their facilities, identify and 
evaluate improvements using available technologies and practices, implement projects, and monitor 
energy efficiency.

Performing an EEP on a water and sanitation system involves the development of a sequence of phased 
steps to determine the following: where and how much energy is used in the system, the degree of ef-
ficiency, the measures and specific projects needed to reduce the consumption and cost, the cost ben-
efit or cost-effectiveness of such actions, the implementation plan, the methods of evaluation, and the 
results.

The EEP can be divided into two main activities: an energy efficiency audit and the implementation 
and monitoring of actions for energy efficiency improvement.

This process involves the following:

a. Securing a real commitment from the WSC, signified by the creation of an energy efficiency manage-
ment committee.

b. Valuating actual performance in energy consumption, including the relationship between the system’s 
operation and maintenance.
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figure 1: Components of an Energy Efficiency Program
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c. Determining opportunities for improvement and savings, based on the actual performance evaluation.
d. Evaluating the identified opportunities for improvement to define projects and expected savings.
e. Designing an action plan, which involves defining goals, timelines, policymakers, and the resources to 

be used.
f. Carrying out the action plan, which involves supervising the defined work, implementation and operat-

ing procedures, maintenance deployment, and providing feedback during deployment enhancements.
g. Assessing and monitoring results, which involves periodically measuring the progress of the plan 

throughout the entire process and the results or real benefits achieved, and identifying improvements 
to continue the cycle

The implementation of an EEP is a continuous process of improvement that should be considered 
throughout the lifetime of the WSC, and must be established as a permanent program.

This document is intended to establish the methodology for implementing an EEP and to define each 
of its components. It is structured as follows. Chapter 2 establishes criteria to form an energy efficien-
cy management committee and the committee’s guidelines. Chapter 3 presents the methodology to 
perform an energy efficiency audit and addresses the assessment of energy efficiency, the identifica-
tion of opportunities for improvement, and the definition and evaluation of projects for improvement. 
Chapters 4 to 7 develop the three components of an energy efficiency audit and the principal contents 
of an audit report. Chapter 8 recommends key points of maintenance practices. Chapter 9 covers the 
conditions and components that make up the action plan. Chapter 10 describes activities and recom-
mendations for the implementation of the action plan. Finally, Chapter 11 describes the methods and 
techniques to assess the savings once the action plan is implemented.



Chapter 2

KEY ASPECTS OF ENERGY MANAGEMENT

Successful energy management for a Caribbean water company involves applying the following basic 
management principles to the energy efficiency field:

1. Administration – effectively administer EEPs and projects.
2. Financing – create short, medium, and long-term financial strategies for energy saving measures and 

for a quick payback of the investment.
3. Operation – constantly seek better and more efficient ways to deliver low-cost water distribution ser-

vice to the population; and
4. Revenue – manage the incomes from water sales in order to improve energy efficiency and simultane-

ously increase profits.

The final objective of energy management should be to improve the balance sheet through structured ef-
forts. It is essential to mobilize human resources to achieve these results with a real plan for follow-up.

The first step for energy management is for the WSC to make a real commitment to energy efficiency. 
To do so, all areas of the water company must be involved in effecting a behavioral change. Figure 2 
shows how the three major components of a WSC must be interrelated to support this commitment.

Regardless of the its size, the WSC must commit to allocate necessary staff and funding to achieve con-
tinuous improvement. The first key step after making this commitment is to establish an energy effi-
ciency committee.

2.1. energY effiCienCY CoMMittee

The energy efficiency committee should consist of a head staff person, known as the energy champion, 
and operations staff. Appointing an energy champion is a critical component of a successful EEP. He or 
she sets goals, tracks progress, and promotes the energy management program by establishing ener-
gy performance as a core value. The energy champion is not always an expert in energy and technical 
systems; however, to be successful, he or she must understand how energy management helps the WSC 
achieve its financial and environmental goals and objectives. Depending on the size of the WSC, this 

figure 2: Diagram of a Successful Energy 
Efficiency Management Plan
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role can be a full-time position or added to an existing staff person’s responsibilities. The energy cham-
pion’s key duties often include the following:

•	Creating and leading the energy efficiency committee
•	Acting as the point of contact for senior management
•	Coordinating and directing the overall energy program
•	Increasing the visibility of energy management within the organization
•	Drafting an energy policy
•	Assessing the potential value of improved energy management
•	Securing sufficient resources to implement strategic energy management
•	Assuring accountability and commitment from core parts of the organization
•	Identifying opportunities for improvement and ensuring implementation (including staff training)
•	Measuring, tracking, evaluating, and communicating results
•	Obtaining recognition for achievements

If the energy champion does not report directly to a senior manager, it is often helpful for a member of 
senior management to serve as an “executive ally.” The involvement of upper management is crucial 
for successful programs. Having an ally provides a direct link to upper management and helps to for-
malize the commitment to continuous improvement.

In addition to planning and implementing specific improvements, energy efficiency committee staff 
measure and track energy performance and communicate updates to management, employees, and 
other stakeholders. The size of the committee varies depending on the size of the WSC. In addition to 
the energy champion and dedicated staff, it is a good idea to include a representative from each opera-
tional area that significantly affects energy use, such as engineering, purchasing, operations and main-
tenance, building/facilities management, environmental health and safety, corporate real estate and 
leasing, construction management, contractors and suppliers, and utilities/information technology.

2.2. energY effiCienCY PLAn

The second key issue of energy management is to establish an EEP via the energy efficiency committee. 
An energy plan provides the foundation for successful energy management. It formalizes senior man-
agement’s support and articulates the organization’s commitment to energy efficiency for staff, share-
holders, the community, and other stakeholders.

A successful EEP must meet the following guidelines:

•	State an objective – have a clear, measurable objective that reflects the organization’s commitment, cul-
ture and priorities.

•	Establish accountability – establish a chain of command, define roles in the organization, and provide 
the authority for personnel to implement the energy management plan.

•	Ensure continuous improvement – include provisions for evaluating and updating the policy to reflect 
changing needs and priorities.

•	Promote goals – provide a context for setting performance goals by linking energy goals to the organiza-
tion’s overall financial and environmental goals.

It is important to involve key people in plan development to ensure buy-in. The EEP should be tai-
lored to the organization’s culture and be understandable to employees and public alike. Moreover, a 
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successful EEP must consider the skills and abilities of management and employees, and include de-
tails that cover day-to-day operations. The head of the WSC should officially issue the plan and encour-
age all staff to get involved.

2.3. PerforMAnCe AssessMent

Organizations must understand current and past energy use to identify opportunities to improve energy 
performance and gain financial benefits. Performance assessment is the periodic process of evaluating 
energy use for all major facilities and functions in the organization and establishing a baseline for mea-
suring future results of efficiency efforts. Assessing energy performance helps to achieve the following:

•	Categorize current energy use by fuel type, operating division, facility, product line, etc.
•	Identify and replicate facilities with high performance practices
•	Prioritize assistance to poorly performing facilities
•	Understand the contribution of energy expenditures to operating costs
•	Develop a historical perspective and context for future actions and decisions
•	Establish reference points for measuring and rewarding good performance

2.4. goAL setting

Performance goals drive energy management activities and promote continuous improvement. Setting 
clear and measurable goals is critical for understanding intended results, developing effective strate-
gies, and reaping financial gains. Well-stated goals guide daily decision making and are the basis for 
tracking and measuring progress. Communicating and posting goals can motivate staff to support ener-
gy management efforts throughout the organization. Setting goals helps the energy champion achieve 
the following:

•	Set the tone for improvement throughout the organization
•	Measure the success of the energy management program
•	Help the energy efficiency committee identify progress and setbacks at a facility-wide level
•	Foster ownership of energy management, create a sense of purpose, and motivate staff
•	Demonstrate commitment to reducing environmental impacts
•	Create schedules for upgrade activities and identify milestones

It is important to use the energy efficiency committee’s wide range of knowledge to help set aggressive 
yet realistic goals. Upper management should review these goals to enlist their feedback and support.





Chapter 3

INvESTMENT GRADE ENERGY AuDIT METhODOLOGY

The Investment Grade Energy Audit (IGEA) in a water and sanitation system is the implementation 
of a set of techniques to determine how and where energy is used and to assess the efficiency of 

each energy-consuming component of the water and sanitation facilities. The ultimate goal is to iden-
tify cost-effective technical and administrative measures for energy savings in the facility as part of 
the development of a comprehensive plan for energy efficiency. In performing the IGEA, an orderly se-
quence of activities tends to lead to better results. The suggested sequence requires activities in both 
the field and the office. Figure 3 summarizes the main activities needed to perform an IGEA in a WSC in 
the Caribbean.

figure 3. General Scheme of Investment Grade Energy Audit Methodology

Step 4. Opportunities Identification for Saving Energy 

In
ve

st
m

en
t G

ra
de

 E
ne

rg
y A

ud
it 

M
et

ho
do

lo
gy

  
OF

FIC
E 

AC
TI

VI
TI

ES
FIE

LD
W

OR
K

Step 6. Action Plan

• Electrical parameters: 
volts, amps, kW, PF.

• Hydraulic parameters:
flow, pressure, levels.

• Maintenance observations:  
temperature, vibration, 
oiling.

• Tariffs for energy supply
• Losses reduction in electrical installations
• Improving the efficiency of electric motors
• Improving the efficiency of pumps
• Losses reduction in network
• Leakages reduction
• Improve  operation
• Improve  maintenance
• Replace power supply

Typical Proposed Saving Measures 
• Replace low efficiency 

pumps
• Replace low efficiency 

motors
• Reduce leakages program
• Replace overloaded wires
• Use variable speed drives

• Optimizing the power factor
• Increase the pipe diameter
• Monitoring and targeting
• Controlling demand
• Maintenance 

Step 1. Data Collection Step 2. Field Measurements Step 3. Information Analyses

Step 5. Evaluate
Measures 

• Design and plate data
• Data collection of the

installations
• Historical data of 

production
and consumption.

• Operating data
• Maintenance data

• Savings
• Investments
• Additional costs
• Financial indicators

• Electric losses in conductors 
and transformers.

• Motor efficiency and losses
• Pump efficiency and losses
• Head losses in pipelines
• Leakages in the network
• Energy indicator calculation
• Statistical analysis of 

indicators
• Develop energy balances
• Analysis of the operation
• Maintenance analyses 
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fieLDwork

Step 1 – Data Collection

Collecting data establishes the general operating conditions of a WSC, and helps determine the most 
effective energy saving opportunities. Data collection should be accomplished in two ways:

a) Prior evaluations – Review any existing reports of the WSC in the following sectors: legal, 
legislative, social, political, and economic management relating to water and energy. Examine 
previous audits or evaluations to determine which systems and equipment would benefit from 
an IGEA.

b) Data needed for an IGEA – Gather basic data from the pumping and distribution systems, motors, 
pumps, pipes, tanks, electrical and hydraulic plans, conditions of operations, population, and topog-
raphy.

Step 2 – Field Measurements

a) Planning of field measurements – With the information obtained in Step 1, rank all processes ac-
cording to their energy consumption levels. A strategy for field measurements that focuses on energy 
consumption of the highest ranked processes should be developed.

b) Field measurements – Field measurements must be focused on electrical and hydraulic parameters 
that allow the calculation of an energy balance to determine where the main losses of energy are. With 
this information, determine the elements and equipment with savings potentials and generate propos-
als for the corresponding saving measures. Also record temperature readings, excess vibrations, lubri-
cation of mechanical components, leakage in valves, and the state of main discharge pipes and electri-
cal installations to define maintenance actions within the action plan.

offiCe ACtiVities

Once fieldwork is finished, a series of office activities must be completed in order to proceed with the 
IGEA.

Step 3 – Information Analysis

In order to identify the elements with a high rate of loss or low efficiency, the data collected from the 
field must be analyzed based on the following:

•	Calculation of energy losses in electrical conductors and transformers, electrical motor efficiency, and 
pump efficiency; head loss in pipelines; percentage of leakage in water network; and energy indicators

•	Analysis of statistical indicators, operations, and maintenance practice
•	Elaboration of energy balances

Step 4 – Energy Saving Opportunities

After determining the greatest energy consuming elements, saving measures can be implemented 
through one or more of the following:
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•	Changing tariffs for energy supply due to a previous analysis
•	Reducing losses in electrical installations
•	Improving the efficiency of electric motors and pumps, water systems operations, and maintenance 

practices, or replacing power supply
•	Reducing losses in the network
•	Leakage reduction program
•	Technology upgrade
•	Incorporation of renewable energies

Step 5 – Energy Saving Measures Evaluation

The evaluation of the energy saving measures consists of the following:

•	Calculating direct and indirect energy and cost savings and the total amount of investments necessary 
for implementation

•	Estimating additional costs (operating, maintenance, and equipment materials, such as lubricants or 
gaskets)

•	Determining the financial indicators (pay-back, net present value, and analysis of the lifecycle of the 
project)

Step 6 – Action Plan Implementation

The following chapters develop the theoretical basis, procedures, and specific activities that allow a 
water and sanitation company to carry out the IGEA in pumping systems.





Chapter 4

EvALuATION (ENERGY EFFICIENCY DIAGNOSIS)

In the case of water and sanitation systems in the Caribbean, Figure 4 illustrates the main elements 
for the supply and transformation of energy through the process of water production. The figure de-

tails the equipment chain from the electricity supplier through the corresponding consumption and 
losses of energy in the transformer and electric control system. This system’s elements include the 
electric motor, the mechanical energy transferred to the pump, the hydraulic power supplied by the 
pump to the water network, and the remaining energy finally converted to useful work to provide water 
to the network user.

The following sections describe the procedures necessary to perform the evaluation of the energy con-
sumption and losses described in Figure 4.

4.1. DAtA CoLLeCtion

Before performing an energy audit of the pumping systems, it is essential to investigate the general 
situation and mission of the WSC, including the water and energy situation of the country where it is 
based and the main policies of the water and sanitation sector, as well as other relevant aspects to un-
derstand any challenges the WSC may face. The application of this methodology can help uncover po-
tential savings opportunities, which should be briefly analyzed during this stage. It is also essential to 
collect data on the WSC’s history in the water and energy sector.

4.1.1. Water and Energy Sector: National Context

The investigator must understand the position of the WSC in its country’s water and energy sector. To 
do so, it is important to identify national laws, regulations, statistics, and the role that the company 
plays in the sector. This requires gathering the following data:

figure 4: Typical Energy Consumption and Losses in Water Supply and  
Sanitation Systems in the Caribbean
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•	General population data
•	Current energy situation, sources of energy, and consumption of energy by sector
•	Energy rate structure
•	Particular energy problems
•	Types of water companies (public, private, etc.)
•	Legal context of water management
•	Available water and main sources
•	Statistics of water demand and coverage of potable water and sewerage systems
•	Problems faced in terms of water supply, including topographical features and distance to water sources
•	Legal and institutional framework for energy efficiency

4.1.2. General Situation of the WSC

In particular, the initial research of the WSC requires a review of the size of the water utility, the mode 
of operation, the technology used, and the specific aspects of water and sanitation that the company 
covers. The following information should be obtained:

•	General infrastructure and number and type of facilities
•	Impact of the water sector on national energy consumption
•	Facilities with the greatest energy consumption and their impact on total costs
•	Other pertinent aspects, such as the level of water losses and the energy management structure

Due to the importance of the data in terms of energy consumption evaluation, its analyses enables bet-
ter initial planning of the pumping systems to be assessed in an IGEA, especially in those pumping sys-
tems that have the potential for energy savings.

4.1.3. Basic Data

An IGEA cannot be performed without basic data collection. Table 1 illustrates the data required as 
well as the information sources used to collect them and some general observations.

The information should be as recent as possible and preferably in digital format. Verify the level of 
data reliability and carry out field tours to gather and confirm the data. It is also appropriate to resort 
to alternative databases, such as those available on the Internet. Finally, investigate information from 
national, state, and municipal agencies. Each piece of equipment must be evaluated; in the event the 
WSC cannot provide all of the necessary data, it must be collected in the field. The fundamental data 
that must be obtained or confirmed in the field are from the electrical system, electric motor, and pump 
(see the Appendix for the forms and detailed procedures for this activity).

4.1.4. Electrical System Data

The following data of the electrical system must be collected:

Electric diagram – Outline the unifilar diagram connections of the electric equipment, intake, cabling, 
transformer, main switch, and starter, if applicable.
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tAbLe 1: Information to Collect from the WSC

wsC area information source required data observations

General

Customer database of 
the WSC

Number of water service 
intakes Classified by type of use and with/out meter

Water service 
coverage and viability

Water distribution network 
and overall coverage

Percentage of area and population served; planned growth 
areas

Government records Population statistics Last three censuses and national counts

Technical

Water production

System-supplied volumes Monthly summary for at least one past year; measured in cubic 
meters

Flows produced in water 
sources

Annual average, daily maximum, maximum for summer and 
winter in extreme weather

Macro meter 
characteristics Type, model, date of installation and calibration, diameter

Engineering records

Water distribution net 
maps

Full-scale, geo-referenced, with diameters, materials, roughness 
and lengths of pipe; topographic dimensions in cruisers; types 
and locations of wells, pumping stations, tanks, and valves

Profile drawings of piping With indications of change in diameter and equipment; loca-
tions of air and outlet valves

Previous capital projects Additional data, drawings, and measurements

Energy-
related

Billing information General power supply data
Power company name, voltage in volts, rate by time of pumping, 
monthly billing, maximum demand (kW), consumption (kWh/
month), power factor, history (year)

Plans, equipment 
inventory, and 
fieldtrip

Electromechanical 
infrastructure

Unifilar diagram (caliber, protections, transformers, motors, 
capacitors, and generators); electrical intake (type, disconnect 
item, fuse); electrical substation (type, the number of 
transformers, grounding system); transformers (identification, 
type, kVA original capacity, age, and transformation 
relationship); capacitors (location, capacity kVA, bank, element 
type); measuring equipment

Electrical motor system 
stats

Starter (electric capacity type); electrical conductors (number of 
threads, length, size, material, insulation type); electric motor 
(brand, type, design power, volts, supply voltage, rated current, 
number of poles, speed at full load, service factor, original 
efficiency, aging, number of rewinding, operating temperature 
in ºC

Hydraulic pumping 
equipment stats

Pumps (identification, brand, type, model, casing material, 
driver material, design flow, design head, design efficiency and 
design power); suction (dynamic level in aquifer and safflower); 
discharge pipe characteristics; dynamic levels-per-year history

Institutional Executive reports

Management indicators Indicators of physical, water, and energy efficiency; historical 
developments in a year; impacts; benefits and costs

Feasibility and master 
plans

Projected programs, investments in short and long term, 
efficiency in development and yearly goals

Organizational structure of 
the institution Describe functions, staff, and interrelation with other areas

Inter-institutional programs State and local institutional programs
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Power supply – Record the following information about the electrical service provider and the con-
tract described in Table 1.

•	Name of the electrical company
•	Contract number on the receipt or electrical invoice for the pumping system
•	The key or name of the fare schedule in the contract
•	Voltage level of power supply

Transformer – Record the following features of the transformer:

•	Type of transformer that feeds the electrical equipment
•	Capacity of all transformers (kVA) that provide power
•	Voltage input and output of the transformer (V)
•	If the transformer has more than one output voltage, the real voltage (the voltage at which the trans-

former is currently operating)

Main Switch – Record the following data for the main switch, which controls the energy from the 
transformer or the main power supply:

•	Maker or manufacturer of the switch
•	Original capacity of the switch (A)
•	If the switch is adjustable type, the original capacity where the switch is set in (A).

Starter – If the motor has a starter, record the following information:

•	Starter type
•	Starter capacity (HP)

Protection – Collect the following starter motor overload protection data:

•	Manufacturer of the thermo-magnetic element of the motor protection
•	Capacity of the thermo-magnetic element of the motor’s protection (A)
•	Setting point of the thermo-magnetic element

Capacitors – If the equipment has a capacitor bank, note the total capacity of the bank in kVAr. Also 
identify the type of capacitors and installation method (e.g., capacitors for single equipment as com-
pared with capacitors for a group of equipment).

Grounding System – Verify whether there is a grounding system and if it is fully separated from the 
neutral system. Describe the caliber of the cable connected to the ground.

Conductors – Collect the following data about conductors that relate to the size and length of the con-
ductors in two locations: first from the service entrance, either a transformer or a direct entry, to the 
starter or main switch; second, from the starter or main switch to the motor. In both cases, collect the 
following information:

•	Caliber of the electric conductor (mm2) or (AWG) (record the data stamped on the lining of the cable)
•	Total length of conductors in the described stretch
•	Description of how the conductors are grouped
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Electric Motor Data

Obtain the following data of the electric motor and the maintenance history:

Name Plate Data – Obtain the following information described in the motor plate (if the plate is un-
readable, search the purchase order or the document describing the characteristics of the motor):

•	Make of the motor
•	Capacity of the motor (HP)
•	Speed of the motor (RPM)
•	Voltage of the motor (V)
•	Current of the motor (A)
•	Efficiency of motor (manufacturer or new motor) in percentage (–)
•	Type of motor
•	Frame type or number of the motor’s frame
•	Service factor (SF), which is a measure of the amount of overload that a motor can handle without dam-

age. When not shown in the plate, the SF is (1); a factor of more than one indicates that the motor can 
withstand greater overload.

History – Obtain the following information about the motor maintenance history:

•	Age or amount of time in years the motor was used since its first installation
•	Average motor working hours in a year (h/year)
•	Number of rewindings that have been made to the motor in its service life

Pump Data

The following data about the pump are also required (if field data are not available or the plate of the 
pump is unreadable, use the documents supplied with the pump at the time of purchase):

Frame – Gather the following data concerning the body of the pump:

•	Pump manufacturer
•	Type of pump (e.g., submersible, turbine vertical, horizontal, or centrifugal)
•	Model of the pump according to the manufacturer
•	Age or time in years that the equipment has been in operation since its installation

Impeller – Obtain the following data about the impeller of the pump:

•	Type of driving pump
•	Impeller material
•	Original diameter of the impeller (mm)
•	Age or time in years that the impeller has been in operation (data may differ from that of the pump if the 

impeller has been changed during the life of the pump)

Shaft – Record the diameter and length of the transmission shaft between the motor and pump.
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Design Data – Record the manufacturer’s model and the point of operation of the characteristic curve 
of the pump. Also, collect at least the design pressure and the flow capacity.

Fluid Characteristics – Obtain the following characteristics of the pumped fluid, which will depend on 
whether it is drinking water or sewage:

•	Fluid type (e.g., drinking water, raw water, or sewage)
•	Operating temperature of the fluid (ºC)
•	Density of the pumped fluid (kg/m3)

These base field data must be collected at the same time as the field measurements, which are de-
scribed in the following chapter (see the Appendix for template to enter data).

4.2. fieLD MeAsureMents

once the base data are obtained, plan and complete measurement of electrical and hydraulic pa-
rameters required to audit the electromechanical components of the pumping systems. The elec-
tromechanical efficiencies of the joint motor-pump and operating curves of pumping equipment 
are determined from the field measurements. The measurement campaign is divided into hydrau-
lic activities and electromechanical works in pumping systems (see Table 2).

To make the measurements as accurate as possible and obtain precise efficiency values, surveyors 
should ensure that measurement devices are calibrated and in good operation, and that the system be-
ing measured is stable. In the following section, there are important details and recommendations for 
taking the most accurate measurements so as to avoid spending excessive time recalculating (see the 
Appendix for templates and detailed procedures for this activity).

4.2.1. Electrical Measurements

All measurements should be taken by trained personnel under normal operating conditions (not at 
pump start-up). To avoid potential hazards, follow the internal safety procedures and the following set-
up guidelines and practices.1

tAbLe 2: Description of Measurement Campaign

Measurement 
campaign Activity objective equipment and tools needed

Electromechanical mea-
surements in pumping 
equipment

Measurement of electrical 
parameters

Determine power operation and 
calculate efficiency

Scanner of power electricity 
networks or measurement equipment 
(voltmeter, ammeter, etc.)

Discharge pump flow 
measurement

Determine operational equipment 
flow

Ultrasonic or electromagnetic flow 
meter

Discharge and suction 
pressure measurement

Obtain operational equipment 
loads Portable Bourdon gauge

Definition of baselines in 
pumps

Obtain load and hydraulic load 
losses Electrical probe, tape measure

1 www.fluke.com/library
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` guidelines:
•	Assess the environment before taking the measurement.
•	Do not work alone in hazardous areas.
•	Wear the appropriate personal protective equipment (PPE) as recommended by local health and safety 

personnel.
•	Make sure your test instrument is rated for the measurement environment.
•	Be familiar with and know how to use equipment prior to taking any hazardous measurements.

Practices:
•	Measure at the lowest voltage point possible. For example, if you are measuring voltage on a breaker 

panel, identify the lowest-rated breaker available and make your measurement there.
•	Keep your eyes on the area that you are probing and keep both hands free when conditions require.
•	For single phase, connect neutral first and hot second. After taking your reading, disconnect the hot lead 

first and the grounded lead second.
•	When testing for voltage, use the following three-point test method to verify your test instrument is 

working properly—an important part of your personal safety:
1. Test a similar known live circuit first.
2. Test the “circuit to be tested.”
3. Retest the first known live circuit.

•	When taking measurements in or around high-energy three-phase distribution panels, use test probes 
with a minimum amount of exposed metal, such as .12 in (4 mm) metal tip probes. This reduces the risk 
of an accidental arc flash from probe tips.

•	If possible, measure with one hand to reduce the possibility of offering a closed circuit between your 
hands. DO NOT touch any grounded structure while measuring on energized phases.

The electrical measurement parameters are voltage, electrical current, power factor (PF), active or 
real power, and reactive power. To take these measurements, use the appropriate equipment, such as 
a voltmeter, ammeter, wattmeter, or multimeter. To simplify the process, use an electric network ana-
lyzer, which can measure parameters by phases and store data in memory. It can then integrate these 
measurements directly for three-phase values to determine trends and, in most cases, other electrical 
parameter measurements. This is important in evaluating the quality of the energy used in the equip-
ment, such as the harmonic distortion, among other specifications.

4.2.1.1. Voltage

For the measurement of the electrical voltage in pumping equipment, use a voltmeter. Refer to 
Figure 5, and proceed as follows:

1. Take the measurement in the emerging voltage wires from the main switch to the motor-pump.
2. Place the red cable of the tester on the tip of the switch output in the “a” line.
3. Place the black cable of the tester on the tip of neutral “n.”
4. Register the reading for the “a” phase voltage (Van).
5. Repeat the action, putting the red cable of the tester in output tips “b” and “c” of the switch (with the 

black connected to neutral ground) and take respective readings of tension (Vbn) in phase “b” and ten-
sion (Vcn) in phase “c.”

6. When measuring voltage between phases, repeat the procedure above by placing the red wire of the 
voltmeter on the output switch in point “a” and the black cable into the “b” end; then between “a” and 
“c”; and finally between “b” and “c.”
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7. The value of the three-phase voltage (V) can be calculated with the average of these three values. Take 
three readings in each cable to confirm the data. Define a realistic variation range for minimum and 
maximum acceptable values.

4.2.1.2. Electrical Current Measurements

Measure the electric current with an ammeter. Refer to Figure 6, and proceed as follows:

•	When using an ammeter, perform single-phase electrical current readings one by one by placing the 
ammeter in each of the three cables coming out of the main switch or starter and fed to the motor. 
Readings in each cable shall be flow phases Ia, Ib, and Ic, and the electrical three-phase total current is 
calculated with these three values. Take three readings in each cable to corroborate the data.

•	If you use an electric network analyzer, take electrical current readings individually, but place the three 
amps simultaneously in each of the cables coming out of the switch and leading to the engine. The elec-
trical currents of each of the cable readings are obtained directly by the online scanner.
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figure 5: Measurement of Voltage in Pumping Equipment

figure 6: Electrical Current Measurement
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4.2.1.3. Power Factor Measurement and Calculation of the Electrical Power

For the measurement of the PF, follow the same procedures as in the measurement of current or volt-
age, using a process similar to testing the resistance of the electric grills. This method is useful be-
cause sometimes there is no wattmeter on hand. In this way, the PF value is obtained using only the 
ammeter or the voltmeter, and applying mathematical formulas (law of sines and law of cosines).

4.2.1.4. Active Power

A wattmeter, which is put in the output switch cable, is used to measure the actual power going to the 
engine. The procedure for measuring the value of the real or active power is as follows:

1. Put wattmeter on phase “a” wire on voltage terminals.
2. Put another voltage terminal in the neutral wire on “n.”
3. Insert the ammeter hook in the “a” phase wire.

The real or active power registers directly in the wattmeter. Repeat the above process to obtain the 
real power in phases “b” and “c.” If the pumping equipment has an installed bank of capacitors, take 
two measurements (see Figure 7 and Figure 8).

The first of these measurements must be downstream of the point of connection to the capacitors 
bank, drivers, directly submersible pump, or vertical turbines and pumps so that measurements are 
not influenced by the effect of compensation of the capacitors and reflect the actual situation of the 
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figure 7: Measuring the Real Power before the Capacitors Bank
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figure 8: Measuring the Real Power after the Capacitors Bank
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electric motor in evaluation. The second measurement must be upstream of the capacitor. This mea-
surement will describe the effect of the compensation of the PF on the electrical network.

4.2.2. Hydraulic Measurements

The hydraulic parameters should also be measured with calibrated measuring equipment. The system 
must not have disturbances when taking measurements. For units such as wells or pumping equipment 
installations, measurements are made directly in the discharge pipelines. For installations that inte-
grate several pieces of pumping equipment, hydraulic parameters must be measured individually for 
each piece in its own discharge pipeline.

The operating curve, with flow versus total hydraulic pumping head (Q-Hb), is developed by the mea-
surement of these two parameters and includes a reading of the changes of the operating conditions at 
each step. The following measurements are necessary to obtain the data and hydraulic parameters:

•	Flow measurement at the discharge pipeline of the pump (Q)
•	Measurement of the pressure at the suction (Ps) and discharge (Pd) gauges
•	Definition of the reference level (Nr)
•	Measurement of the dynamic level of suction (Ns)
•	Measurements of the distances at the center of the gauges (Dr-m), including both the suction and the dis-

charge

4.2.2.1. Discharge Flow Measurements

Flow measurement is done in each of the water production facilities in the water system in places such as 
wells, springs, dams, and filter galleries, and should be carried out at the exact point in the piping where 
it enters the water distribution network. In treatment plants, tanks, or pumping stations, it is of interest to 
measure the flow only in the discharge pipelines. We recommend taking advantage of the flow meters in-
stalled in the water system, but it is important to obtain the accuracy errors of this equipment prior to tak-
ing measurements. When there is no flow meter on the site, use a portable ultrasonic or electromagnetic 
meter certified by an accredited testing laboratory, which provide high levels of accuracy and versatility.

The position of the flow meter in the piping should be in a straight section of the piping and prefera-
bly horizontal. There should be no obstacles before or after the meter. These include elbows, valves, 
reductions, enlargements, and pumps, which distort the velocity of the water in the test section. Any 
bends should be at least 10 diameters upstream and 5 diameters downstream of the meter axis (see 
Figure 9). However, there are meters currently on the market that can reduce these distances according 
to the respective manufacturer catalogs.
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figure 9: Position of the Flow Meter
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Flow measurement may be carried out in a short period of 15 to 30 minutes. If flow variations are less 
than ±5 percent in the course of a full day, the average flow value is recorded. If the flow fluctuation is 
greater than this percentage, continuous testing should be carried out for at least 24 hours to establish 
an average flow value.

4.2.2.2. Suction and Discharge Pressure Measurement

For the measurement of suction (Ps) and discharge (Pd) pressure, use Bourdon type gauges (see 
Figure 10), preferably those that contain glycerin. Also, ensure good calibration and choose gauge 
ranges so as to measure in the middle third of the scale where accuracy is optimal.

figure 10: Pressure Measurements with a Bourdon Type Gauge

   

For practical purposes, head load pressure calculations should be expressed in meters of water col-
umn (mwc), although the gauges normally have scales in (kg/cm2) or (PSI). The equivalence formulas 
of these units are:

•	1	kg/cm2 = 10.3 mwc
•	1	PSI  = 0.7031 mwc

Suction and discharge pressure measurements must be taken as close as possible to the pump. If it 
is not possible to take a suction pressure measurement because it is a submersible pump or because 
there are no available measuring points, make note of this in the measurement log forms. It is essen-
tial, however, to measure the pressure in the discharge pipeline.

4.2.2.3. Reference Level Definition

In calculating the total hydraulic pumping load, set a reference from which the other levels can be 
measured. Typically the reference level is located on the engine mounting board (see Figure 11 and 
Figure 12), but in the case of submersible pumping equipment, the reference level is usually the well 
discharge head pipeline (see Figure 13).
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figure 11: Measurement for Pressure Gauge in the Discharge

figure 12: Measurement of Pressure When Gauges in Suction and Discharge Are Available

figure 13: Submersible Pump Level Measurement
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4.2.2.4. Dynamic Level Measurement

The suction level (Ns) is the vertical distance between the reference level and the water surface from 
which water is being pumped in normal and stable operating conditions. Take measurements with a 
probe-level or a flex meter. When taking measurements from a pump with a suction pit or a low-lev-
el water tank, the dynamic suction level is the level of the surface of the water within the suction pit 
or the water tank. In the case of a well, suction level corresponds to the dynamic level in the aqui-
fer. The images in Figure 14 and Figure 15 show the measurement of dynamic levels with an electri-
cal probe.

   

   

figure 14: Measurement of the Dynamic Level of a Pumping Suction Pit

figure 15: Measurement of the Dynamic Level of a Low-Level Water Tank

If the level changes position significantly while measuring in a suction pit or water tank, it is important 
to take simultaneous measurements of flow, pressure, and electrical parameters. The value can be neg-
ative or positive, depending on whether the level is below or above the reference level.
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4.2.2.5. Measurement of Levels to Manometer Centers

Figures 11 and 12 on page 22 illustrate how to locate levels to the gauges’ centers. If the pressure of 
the discharge is only measured, this level will be designated as Dr-md. In the event that both the dis-
charge and the suction pressure loads are measured, the level of the discharge manometer shall be ap-
pointed as Dr-md and the level of the suction manometer as Dr-ms.

4.2.2.6. Determination of Total Hydraulic Pumping Head

Levels described in paragraphs 4.2.2.2 to 4.2.2.5 and pressure measurements are used to calculate the 
total hydraulic pumping head (Hb), which is made up of the sum of several measured values that de-
pend on the pump type and the pumping array. Table 3 describes the calculation process and param-
eters to be considered in determining the total hydraulic pumping head, depending on the type of 
equipment and the application of the parameters.

tAbLe 3: Calculations for Total Hydraulic Pumping Head and Measuring Parameters

Case formula Parameters

Only when the discharge 
pressure is measured Hb=pd+Ns+ Dr-m+ hfs+hv

Hb = total hydraulic pumping head (m)
Pd = discharge pressure (mwc)
Ns = dynamic suction level (m)
Dr-m = distance from reference level to gauge (m)
hfs = suction head losses due to the flow friction and 
accessories in the suction pipeline (m)
hv = velocity head (m)

When the discharge and suction 
pressures are measured Hb= pd – ps+ Dr-ms+ Dr-md

Pd = discharge pressure head (mwc)
Ps = suction pressure head (m)
Dr-ms = distance from reference level to suction 
gauge (m)
Dr-md = distance from reference level to discharge 
gauge (m)

4.2.3. Temperature Measurements

Temperature measurements provide additional information on the system’s conditions and indicate 
whether maintenance must be performed in the electrical system. Temperature measurements should 
be taken for the control equipment, motor, and transformer.

CONTROL EQUIPMENT – Take the following temperature measurements to determine if conductors are 
overloaded or if screws and conductor terminal fasteners need to be adjusted:

•	Terminals of the conductors coming from the transformer to the main switch in each of the phases A, B, 
and C

•	Terminals of the main switch towards the motor output in each of the phases A, B, and C
•	Terminals in the starter’s entry in each of its conductor phases A, B, and C
•	Conductors to output terminals along the motor’s starter in each of the phases A, B, and C

MOTOR – The motor temperature can determine lack of maintenance in the motor and indicate wheth-
er the shaft is unbalanced. The housing and bearings should be measured.
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TRANSFORMER – Similar to temperature measurements in the control equipment, measuring the 
transformer temperature determines possible overload in conductors and indicates the need to adjust 
conductor terminal fasteners or to perform other maintenance. Measure the temperature in the follow-
ing areas:

•	At the terminals of the electric feeder that connects to the transformer on the side of high tension in 
each of the phases X1, X2 and X3

•	At the transformer on the low voltage side, both in the neutral terminal output X0 and in each of the 
phases X1, X2 and X3

•	On the top and bottom of the frame to determine the temperature of the work of the transformer and re-
veal possible overloading

•	Both at the top and bottom of the radiator to determine the transformer oil temperature differential

4.2.4. Measurements and Observations for Maintenance Audit

Temperature measurements provide additional information about the operation of the electrical and 
pumping systems, and indicate the need for maintenance. Other types of observations for maintenance 
will be described in Chapter 8 of this document.

4.2.5. Field Data Log Templates

It is important to use field templates for registering both the electromechanical system and pump-
ing equipment so as to keep their original values and the data in the same measurement campaign. 
Table 4 is an example of the form suggested for the registration of the electromechanical system and 
original pump data and engine characteristics. Table 5 is an example that can be used in hydraulic and 
electrical variables of pumping equipment measurements.

4.3. inforMAtion AnALYsis AnD effiCienCY AssessMent

The next step is to analyze the data measurements. This evaluation determines the energy losses and 
the efficiency of the various components of the pumping system. Based on the distribution of losses 
described in the beginning of this chapter, the energy audit in a drinking water system should include 
an analysis of the following systems, in order of importance:

1. Electric supply, including the characteristics of the supply contract
2. Electromotive system, including the transformer
3. Motor-pump set, including efficiencies, conditions of operation, and maintenance aspects

Although there are many perspectives to analyze, for the purposes of the IGEA, electrical systems are 
emphasized because they contribute mainly to the energy analysis. This section describes the most im-
portant features and main aspects to evaluate, as well as the methodology to calculate the energy effi-
ciency of each component of the energy chain of a typical drinking water and sanitation system. An in-
stallation audit will be useful for developing a power saving project.
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tAbLe 4: Data and Characteristics of the Electrical System Catalog Form

The motor has been overloaded and stopped five times this year for a period of 2 hours

 

Site: Date:

YE S NO
YE S NO
YE S NO Caliber:

Caliber:
Caliber:

YE S NO 6
YE S NO

years # of rewindings: Operation: 8,760 hrs/year

m
1 years

closed
SS

1 years

m
18.61 l/s

inches
22 m

 

0.85

1

GRUNDFOS
15.0 A

3,450 RPM 79.0%

0

440 V SUBMERSIBLE
10 HP

LLPP14

1.1.  ELECTRICAL SYSTEM

1.2 NOMINAL MOTOR DATA 

1.3 NOMINAL PUMP DATA 

Energy Audit of Pumping System

EQUIPMENT:

Service entrance

Moellerelectric
Motor-protective circuit-breaker 
(PKZ) 40A

Moellerelectric
40HP

Statorresistance
starter

SYSTEM:

POWER SUPPLY:
Supplier:
Service No.:
Contract Tariff:

NEC BS
D-3364605
3

TRANSFORMER:
Type:
Capacity:
Rated Voltage:

Pole-mounted three phase
3 x 25 kVA
13,800/440 V

MAIN SWITCH
Make:
Capacity:
Setting:

Moeller electric
40A
32-40A

STARTER:
Type:
Capacity:

Stator Resistance Starter
40 HP

PROTECTION

OBSERVATIONS:

Make:
Capacity:
Setting:

Nameplate Data:
Make:
Capacity:
Speed:

Voltage:
Current:
Efficiency:

Type:
Frame:
SF:

FRAME

SHAFT:

The pump has been stopped for 24 hours. There are no records of the pump’s age.
DESIGN DATA:
OBSERVATIONS:

Make:
Type:
Model:
Age:

IMPELLER
Type:
Material:
Diameter:
Age:

Length:
Design flow:

GRUNDFOS
SUBMERSIBLE
Sp 45-4N

HISTORY:
Age:
OBSERVATIONS:

GROUNDING SYSTEM
Is there a grounding system?
Separated neutral and ground?
Grounded transformed?
Grounded starter?
Grounded motor?

MOELLER ELECTRIC
32-40A
37 A

Caliber:
Length:
Grouping:

10 mm2

15 m

CAPACITORS
CONDUCTORS

Service  entrance – Starter

Caliber:
Length:
Grouping:

12 AWG
53 m
3W/Conduit

Starter – Motor

Capacity: — kVAr

UTILITY:

Diameter:
Design head:
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tAbLe 5: Hydraulic and Electric Measurements Catalog Form

C

A

D

B

Nr

Dynamic level

Pressure

1.3

YES NO A ?

A B C B A C A B C
40 41 39 49 46 52 43 42 54

Upper Lower X1 X2 X0 X2 Upper Lower Upper Lower
48 40 38 39 36 38 41 40 41 39

261.9
14.14
2.86

1.4.  FLUID CHARACTERISTICS

2.1.  HYDRAULIC MEASUREMENTS

2.2.  ELECTRICAL MEASUREMENTS

2.3.  TEMPERATURE MEASUREMENTS

0.1 SS 4.70 0.598

0.791

0.598

0.806 0.774

0.1 SS 4.70

260.4 255.8
13.92 12.93
2.92

Housing Bearings

B
53 40 44
A C

Frame Radiator
X3 X1 X3

42 39 40 39

2.61

OBSERVATIONS:

LEVELS:

Suction

TOPOGRAPHY: Elevation of the pump site:
Elevation of the highest delivery point:
The well is deviated, so the pump must be submersible.

Did not find continuity in the grounding wire, so no measurements were made of current and resistance

1,045 masl (meters above sea level)
1,047masl

OBSERVATIONS:

Main circuit

Control equipment
Switch input

Feeder terminals Low voltage terminals
MOTOR TRANSFORMERS

Output switch Starter input Starter output

VOLTAGE IN PHASES:
CURRENT PHASE:
ACTIVE POWER:
POWER FACTOR
HARMONIC DISTORTION:
MEASUREMENTPOINT:
CAPACITOR CHECK:
GROUND SYSTEM:
OBSERVATONS:

Van:
Ia:

Pa:
PFa:

THD-V:

Ia:
Continuity:

Ib:
Current:

Ic:
Resistance:

Vbn:
Ib:
Pb:

PFb:
THD-I:

Vcn:
Ic:
Pc:

PFc:

OBSERVATIONS:

Diameter (m) Material Pressure (kg/cm2) Flow (l/s) Speed (m/s)

Discharge

Tank suction level (A):
Distance of discharge pressure gauge (C)

32.42 m
0.28 m

Suction pipe length (B):
Height of gauge (D):

39.95 m
0.98 m

Fluid: water Density: 1,000kg/m3Temperature: 21 °C
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4.3.1. Calculation of Electricity Losses in the Electrical System

4.3.1.1. Calculation of Losses in Electrical Conductor

The set consisting of drivers, controls, transformer protections, starters, and other elements that pro-
vide energy to the equipment that transform electrical energy into mechanical energy (motor) is known 
as the electromotive system (see Figure 16).

figure 16: Typical Electromotive System Components in a Pumping System

The main aspects to observe and evaluate during an energy efficiency audit of the electrical system are 
the losses in the electric conductors caused by the high resistance of copper contained in the conduc-
tor’s resistance. Electric conductors behave as a pure resistance; that is, they absorb power according 
to the following expression:

Where:
P is the joule effect losses (W)
R is the conductor’s resistance (Ω)
I is the electrical current circulating through the conductor (A)

This resistance generates a voltage drop, which is calculated based on the current. Calculating the 
losses in the conductor is part of the energy efficiency assessment.

Example: Calculate losses in an electrical conductor that feeds a 150A motor connected to a submers-
ible pump. The caliber of the installed conductors is 1/0 with four wires to 440V. The cable is 130m 
long. Calculate the joule effect losses in the conductor that feeds the submersible pump at 440V and 
150A.

Table 6 presents the calculation of loss and voltage drop for different sizes of conductors and losses for 
the distance and amperage in the example above.

When these values are calculated according to Table 7, the operational loss for 6,000 hours per year, 
with an average energy cost index of $1.4 /kWh average, is $27,720.

P = R * I2
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tAbLe 6: Example of Resistance to Different Sizes of Conductors and Voltage Drop

Caliber
resistance ΔV

(Ω/km) Length (km) (Ω) (V) %

1/0 0.3290 0.13 0.04277 6.42 1.46%

2/0 0.2610 0.13 0.03393 5.09 1.16%

3/0 0.2070 0.13 0.02691 4.04 0.92%

4/0 0.1640 0.13 0.02132 3.20 0.73%

250 0.1390 0.13 0.01807 2.71 0.62%

300 0.1157 0.13 0.01504 2.26 0.51%

350 0.0991 0.13 0.01288 1.93 0.44%

400 0.0867 0.13 0.01127 1.69 0.38%

500 0.0695 0.13 0.00904 1.36 0.31%

600 0.0578 0.13 0.00751 1.13 0.26%

750 0.0463 0.13 0.00602 0.90 0.21%

tAbLe 7: Example of Calculation of Energy Loss by Joule Effect

Calculation result

Voltage – V = 440V

Current – I = 150 A

Voltage fall – ΔV =
22V

5.0%

Resistance – R=ΔV/I= 0.1467 Ohms

Losses – Pj = I2 x R =
3300 Watts

3.3 kW

Operation = 6,000 h/year

Energy losses
19,800 kWh/year

$27,720/year

Note: This calculation does not consider the effect of temperature on the resistance of a 
conductor.



30   Evaluation of Water Pumping Systems: Energy Efficiency Assessment Manual

The impact of the PF on the value of the demanded current in the system causes losses principally due 
to the Joule effect and the voltage drop. Increased losses caused by the Joule effect, which is based on 
the square of the current, will increase energy losses in electrical conductors from the meter to the 
main switch, in the windings of distribution transformers, and in operating and protection devices. An 
increase in the voltage drop results in an insufficient supply of power and a reduction in the power out-
put. This voltage drop increases the apparent power and reduces the capacity of the installed load, 
which is important in the case of distribution transformers. These losses affect the producer and dis-
tributor of electric power. For this reason, some electric companies penalize the user by charging more 
for their electricity under these conditions.

Regarding an energy efficiency audit, if the electric company measures the PF and applies a fee, or 
there is a credit, register the statistical value of the PF period evaluated in conjunction with billing sta-
tistics to determine the behavior in the PF time and its impact on the cost analysis. Then, measure the 
actual PF of the audited equipment. If the instrument does not directly register a three-phase PF value, 
then it must be calculated based on real power and real reactive power values during measurements 
using the following equation:

Where: 
PF is power factor (–)
Pa equals active power measured (kW)
Pr is reactive power measured (kVAr)

Some systems, usually the capacitor bank, can compensate for the PF. See if and where they are in-
stalled.

4.3.2. Calculation of Losses and Efficiency of the Electric Motor

Electric motors convert electrical energy into rotating mechanical energy, which is then transferred to 
the pump (see Figure 17).

Mechanical rotating energy
out to pump

Electric energy
intake

Heat energy losses

Heat energy losses

figure 17: Electric Motor Energy Flow

PF = Pa

(Pa2 – Pr2)
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In water systems, typical electric loads are pumping systems, although there are also other types of 
loads, such as fans, blowers, agitators, and conveyors used in the treatment of wastewater and in wa-
ter treatment plants. Out of the different varieties of electric motors, induction motors are the most 
popular due to their versatility and low cost, and they are often used in centrifugal pumping systems 
and for municipal water pumping. However, many induction motors are not properly cared for, result-
ing in high inefficiencies.

4.3.2.1. Typical Losses in an Electric Motor

In general, electric motor losses can occur as the following:

•	Electrical losses, in the stator and rotor that vary with the load
•	Losses in iron (core), which are essentially independent of the load
•	Mechanical losses (friction and cooling system if it applies), which are independent of the load, and oc-

cur in bearings, fans, and the brushes of the motor
•	Loss of load by dispersion, which are made up of several smaller losses from factors such as loss of flow-

induced currents of the engine and distribution of nonuniform flow in the stator and rotor

These combined losses constitute up to 10 or 15 percent of the total loss of the motor and tend to in-
crease the load. Under normal conditions of voltage and frequency, mechanical and magnetic losses re-
main almost constant, independent from the load. This is not the case with power losses, which vary 
with the power required by the shaft.

4.3.2.2. Motor Efficiency Assessment

The efficiency of an electric motor is the measure of its ability to convert supplied electrical power into 
useful mechanical power. It is usually expressed as a percentage of the mechanical power over electri-
cal power.

All of the described factors influence the real value of the efficiency of an engine in operation, but max-
imum efficiency generally occurs when operating between 75 and 95 percent of its original design ca-
pacity.  Figure 18 shows the typical efficiency curve for squirrel cage induction motors of different ca-
pabilities, which are also used in the evaluation of the real efficient engine methodology.

As part of the energy efficiency audit, it is recommended to separately assess the efficiency of the mo-
tor normally attached to the pump to figure out if energy is being wasted. Evaluating the efficiency of 
each component separately is useful for making better decisions on actions to incorporate into an en-
ergy savings plan.

The methodology focuses on determining the efficiency (ηm) and therefore the level of wasted energy 
of electric motors. The motor curve method is the most appropriate engineering method to use to de-
termine efficiency. This is an iterative procedure based on the comparison between the calculated effi-
ciency and efficiency curve based on the motor load factor (LF). 

Efficiency = Mechanical power
Electric power

x 100
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The appropriate motor efficiency curve, identified in Figure 18, is derived from the original design pa-
rameters of the motor (HP, RPM, and V). Using the measurement of the active power of the motor, cal-
culate the LF using the following equation:

LF = HP nom. * 0,746
Pe /

Where:
LF is the load factor of the motor (–)
Pe is the active power of the motor from the field measurements (kW)
ηm is the actual and real efficiency in which the motor is operating (–)
Hpnom is the original power of the motor (verify it in the motor’s plate) (HP)

Check the engine efficiency to see if it corresponds to the LF calculated. If not, repeat the previous 
step using the efficiency that corresponds in the efficiency curve to the calculated LF until both values 
match. The last values of efficiency and LF are the real values for the motor. Once the original efficien-
cy and LF are determined, efficiency has to be depreciated according to the following criteria:

•	If the engine is more than 10 years old, depreciate it by a percentage point.
•	If the motor has been rewound, depreciate efficiency by two percentage points. If you know the temper-

ature of the motor during the rewinding process, depreciate efficiency according to Table 8.

figure 18: Typical Efficiency vs. Load Curves for an 1800-RPM Cage Induction Motor

100

60

80

40

10

90

50

20

70

30

0
0 50 100

100 HP

Load (%)

Effi
ci

en
cy

 (%
)

25 75 125

10 HP
1 HP

tAbLe 8: Depreciation of the Efficiency of a Motor Rewinding 
According to Temperature

temperature
(ºC) efficiency reduction Value

633 0.0053

683 0.0117

733 (use of welding torch) 0.0250

Use of chemicals 0.0040
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When measured, if the supply voltage to the motor is different from the original motor voltage (in the 
plate), apply an efficiency reduction according to the curve shown in Figure 19.

If there is an imbalance in the supply voltage, apply the adjustment to the efficiency according to the 
curve in Figure 20.

figure 19: Efficiency Variation Based on the Difference with Respect to the Original Voltage  
in an Electric Motor

figure 20: Reduction in the Capacity of an Electric Motor Based on the Voltage Imbalance

Use the equations to calculate the imbalance of the voltage and current, and the voltage difference to 
the original motor.

Voltage Imbalance DBV

The voltage imbalance is calculated from voltage measurements between phases using the following 
equation:

Where:
DBV is the voltage imbalance (–)
VA–B is the voltage between the phases A and B (V)
VB–C is the voltage between the phases B and C (V)
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DBV  =  max((max(VA–B,VB–C,VC–A)-Vavg),(Vavg–min(VA–B,VB–C,VC–A)))
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VC–A is the voltage between the phases C and A (V)
Vavg is the average voltage between phases (V)

Current Imbalance DBI

The current imbalance is calculated from current measurements in each phase using the following 
equation:

Where:
DBI is the current imbalance (–)
IA is the current in phase A (A)
IB is the current in phase B (A)
IC is the current in phase C (A)
Iavg is the average of the current in the three phases (A)

Voltage Difference to the Original Motor VDN

The voltage difference to the original motor is calculated in percentage by the following equation:

Where:
VDN is the difference to the original motor voltage or V/Vn (–)
Vavg is the average voltage in phases (V)
VPlate is the value of the original intake voltage of the motor, indicated in the motor’s plate (V)

4.3.3. Calculation of Losses and Efficiency of the Pump

One of the greatest points of energy loss occurs when the electrical energy is converted to mechani-
cal energy by means of the pumping system and transmission to the fluid in the form of power gauge 
transformation. It is important to diagnose various aspects that may cause excessive energy consump-
tion, while at the same time seeking low-cost savings opportunities. The main aspects to diagnose in 
pumping systems are:

1. Actual electromechanical efficiency
2. Operating conditions of the system
3. Characteristics of the installations and energy lost in the conduction system

4.3.3.1. Calculation of Efficiency and Pump Losses

Pumps have natural losses during operation as a result of the interaction of the flow with the friction-
al mechanism that occurs inside and outside of its components. To understand where the losses come 
from during operation, review the different types of losses that occur in pumps, which are classified as 
internal or external.

VDN = (Vavg – VPlate) / VPlate  *  100

DBI  =  max((max(IA,IB,IC)–Iavg),(Iavg-min(IA,IB,IC)))
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Internal Losses

•	Load losses: caused by the viscosity and the turbulence of the fluid. An example is the shock at the en-
trance of the diffuser.

•	Leakage losses: caused by the gap that necessarily exists between moving parts and fixed parts.
•	Internal friction losses: a centrifugal pump impeller has inactive surfaces, independent of its work to 

transmit energy to the fluid, causing a rise of the viscous friction. This leads to internal friction losses in 
the fluid.

External Losses

•	External leakage: takes place where the shaft crosses to the housing of the machine. A part of the flow 
entering the pump is diverted from entering the driver and is lost.

•	External friction losses: caused by mechanical friction in the packing in the shaft or pump bearings.

Figure 21 presents the flow of losses and the performance of a typical centrifugal pump in a Sankey di-
agram.

The overall efficiency of the operating pump is then calculated as the total output power Ps (pressure 
in the output gauge) divided by the mechanical power absorbed Pm, identified in Figure 21 as external 
power. The efficiency formula is as follows:

ηb =                     x b
Output total Power Gauge (Ps)

Absorbed Mechanical Power (Pm)

figure 21: Losses in Centrifugal Pumps
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Where:
ηb is pump efficiency in percentages (–)
Ps is Q r g Ht / 746 (HP)
Pm equals absorbed mechanical power by the pump in HP
Q is flow (m3/s)
r is pumped water density (kg/m3)
g equals acceleration of gravity (m/s2)
Ht equals total pumping head (mwc)

Because of the difficulty of measuring the mechanical power separately and then determining the effi-
ciency of the pump, it is recommended to evaluate the electromechanical efficiency of the motor-pump 
assembly.

4.3.3.2. Evaluation of Electromechanical Efficiency

Electromechanical efficiency corresponds to the efficiency of the joint motor-pump (see Figure 22).

figure 22: Efficiencies that Comprise the Electromechanical Efficiency

Pe

m

em = Ph/Pe
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Pm
Ph

First, calculate the gauge power using the following equation:

Ph = Ht * Q * γ *g / 1000

Where:
Ph is the gauge power (kW)
HT is the total pumping head (mwc)
Q is the flow (m3/s)
γ is the specific weight of water (kg/m3)
g is the acceleration of gravity (m/s2)

The Q value is based on measurements acquired in the field. The γ and g values are almost constant in 
the typical operating temperature range and generally take the values 1 and 9.81 respectively. The to-
tal pumping head is a combination of different partial loads calculated.
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Calculation of the Total Pumping Head HT

Depending on the type of measurements made, the total pumping head shall be calculated as follows:

•	If the suction pressure was measured, as is recommended in pumping systems, use this equation:

Ht= (Pd – Ps) * 10 .3

Where:
Hb equals total pumping head (mwc)
Pd is the measured discharge pressure (kg/cm2)
Ps is the measured suction pressure (kg/cm2)

•	If the suction pressure was not measured, which is the case with deep wells or where the suction pres-
sure cannot be measured for the pumping systems, use this equation:

Ht= (Pd*10 .3) + Ns + Dr–m+ hv + hfs

Where:
Ht  equals total pumping head (mwc)
Pd  is the measured discharge pressure (kg/cm2)
Ns  is the suction level measured from reference level Nr (m)
Dr-m  is the distance between the reference level and the center of the gauge (m)
hv  is the velocity head (m)
hfs  are the friction losses in the suction and discharge pipes (m)

Velocity Head Hv

Velocity head is dependent on the diameter of the pipe. Calculate the area of the cross section (A) of 
the discharge pipe as follows:

A = π * D 2 / 4

Where:
A  is the area of the cross section of the pipe (m2)
D  is the diameter of the pipe (m)
π Pi, which is equal to 3.1416

Based on this result, you can calculate the fluid velocity (v) with the following equation:

ν = Q  / A

Where:
v  is the velocity of the fluid (m/s)
Q is the flow from field measurements (m3/s)
A is the area of the cross section of the pipe (m2)
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Next, use these values to calculate the velocity head as follows:

hv = ν2/ (2*g)

Where:
hv is the velocity head (mwc)
ν is the velocity of the fluid (m/s)
g is the acceleration of gravity, 9.81 (m/s2)

Friction Losses in Suction and Discharge Pipes HFS

Suction and discharge piping also generates energy losses due to the friction of the fluid on the walls 
and is calculated by the following equation:

hfs = f * (L/D) * (ν2/2*g)

Where:
f is the friction factor (–)
L is the pipe length – suction and discharge with the same diameter (m)
D is the pipe diameter (m)
ν is the fluid velocity (m/s)
g is the acceleration of gravity, 9.81 (m/s2)

The friction factor (f) is obtained either from the Moody diagram (see Figure 23) by entering the value 
of the relative roughness and the value of the Reynolds number, or by using the following Colebrook-
White equation:
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This equation is implicit and the value of the friction factor has to be obtained by iteration. 
Alternatively, the following formula can be used, which is explicit (thus no need for iteration) and uses 
the same parameters:
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Source: Guerrero O. (1995). “Ecuación Modificada de Colebrook-White.” Revista Ingeniería Hidráulica de México X: 43–48, 
January-April.

Relative roughness is defined as the division between absolute roughness (ε) and the pipe diameter 
(D) in mm. Absolute roughness is a characteristic of the pipe’s material. Table 9 provides the values for 
different pipes.
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The Reynolds number (Re) is calculated by the following expression:

Reynolds = υ * D *r / μ

Where:
υ  is the velocity of the fluid (m/s)
D  is the internal diameter of the pipe (m)
r  is the density of the fluid (kg/m3)
μ  is the dynamic viscosity of the fluid, which comes from tables in function of the fluid 

temperature 

Water viscosity values are shown in Table 10.

tAbLe 9: Values of Absolute Roughness (ε) for Different Pipe Materials

Pipe Material ε (mm)

Steel 0.9–9

Concrete 0.3–3

Cast iron 0.25

Galvanized iron 0.15

Forged asphalt iron 0.12

Forged iron 0.046

(PVC) 0.0015

Electromechanical Efficiency Calculation ηEM

With the value of Ph calculated and the active motor power measured in the field, the value of the elec-
tromechanical efficiency is calculated with the following equation:

ηEM = Ph / Pe x 100

Where:
ηEM  is the electromechanical efficiency (–)
Ph  is the gauge power (kW)
Pe  is the electric power input to the motor already measured (kW)

tAbLe 10: Dynamic Viscosity of Water

temperature
(°C)

Viscosity
(mPa·s)

10 1.308

20 1.002

30 0.7978

40 0.6531

50 0.5471

60 0.4668
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Pump Efficiency Calculation ηP

Once the electromechanical efficiency ηEM, is calculated and the real motor efficiency ηM has been eval-
uated, the pump efficiency ηP can be calculated as follows:

ηB =  ηEM / ηM

This value is calculated for all the pumping equipment to be audited and is used as a basis for the de-
velopment of an energy efficiency plan.

4.3.4. Calculation of Losses in the Distribution Pipe Network

Excessive energy is often consumed in the pumping installations, particularly the water pipe network 
associated with each pumping system. Key points of the pumping systems evaluated during the energy 
efficiency audit include the physical configuration of pipes from wells and water conduction systems to 
the pumping stations or in the surface source pumping systems, such as river intakes, springs, dams, 
or filter galleries.

The main points to note are the suction conditions and pipe system characteristics. On many occa-
sions, the system’s efficiency is reduced due to insufficient liquid suction force at the intake of a pump, 
a concept known as net positive suction head (NPSH). During the energy efficiency audit, it is impor-
tant to verify that the adequate NPSH requirements are met.

figure 23: Moody Diagram
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It is common to find low carrying capacity at the discharge pipelines of the pumping systems. This is 
reflected in three typical problems that must be identified during the energy efficiency audit in order to 
issue relevant recommendations.

The first problem is back pressure caused by flow coming from an additional connected source or 
pumping system. This happens when more than one source feeds water into the same pipeline but at 
different pressures. The second problem is a reduction in the expected discharge capacity of pumping 
trains. This problem occurs frequently in systems where two pumps or more operate in parallel with 
the expectation of delivering additional flow to the network without ensuring each individual pump’s 
ability. When this happens, the equipment does not provide the expected flow and has significantly re-
duced efficiency (see Figure 24).

figure 24: Centrifugal Pumps Operating in Parallel

figure 25: Load Capacity of Centrifugal Pumps Operating in Parallel
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The load capacity equation then supposes that: QAB = QA + QB

Where:
QAB is the resulting flow from parallel operation of pump A and pump B
QA  flow of pump A
QB  flow of pump B

A further misconception is that adding another pump will increase the flow twofold, a third pump will 
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120

Pump A
Pump B
A+B

A+BB
A

80

20

100

40
60

0
0 30

QA QB
60 90

Flow

120 150 180

Lo
ad

Operation curve for two centrifugal pumps



42   Evaluation of Water Pumping Systems: Energy Efficiency Assessment Manual

same pipe network, the head loss will also increase. The effect of each additional pump results in re-
duced flow from the individual pumps. Figure 26 illustrates this effect with two different cases. In the 
first case, the curve of the system is fairly flat for four pumps. Adding more pumps increases the flow, 
but the load has no significant change. In the second case, the curve of the system is not as flat as in 
the first case. Adding a fourth pump does not increase the total flow but splits it between four pumps. 
Neither case demonstrates a simple linear relationship between number of pumps and the resulting 
discharge flow.

figure 26: The Effect of Several Pumps Working in Parallel on the Conduction System
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Another problem is excessive energy lost due to the low capacity of the existing water conduction sys-
tems. In some distribution systems, energy losses by friction in pipelines are significant. To assess this 
possibility, perform the following procedures during the energy efficiency audit:

1. With the data collected during the measurement campaign and field inspection, evaluate the velocity 
of the fluid in the primary conduction pipes in the supply and distribution networks.

2. In conduction pipes where the fluid velocities are greater than 2.0 m/s, evaluate the energy lost. 
Integrate this information later into the portfolio of proposed energy efficiency projects.

The following are options for performing an assessment of friction losses in conduction pipes:

a. Calculation based on hydraulic modeling pipeline analysis methods, which requires the construction 
of such a model before this assessment

b. Conventional procedure for a rapid assessment of the potential savings in the early stages of the plan 
to prevent having to wait for access to the simulation model

For analysis by the conventional method, follow this procedure:

i. Calculate primary friction losses (straight pipe) in the current pipeline:
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1. Calculation of the friction factor
a. The friction factor coefficient is determined by the Moody diagram and from the values of the 

Reynolds number and relative roughness that were described in section 4.3.3.2 of this docu-
ment.

2. Calculate the friction losses load hfr (mwc) with the following equation:

h L
D gfr = ∗
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Where:
f is the friction factor from Moody diagram (–)
L  is the total length of the conduction pipe (m)
D  is the diameter of the pipe (m)
υ  is the velocity of the fluid (m/s)
g  is the acceleration of gravity, 9.81 (m/s2)

ii. Calculate secondary losses by valves and fittings in the pipeline.

Several methods can be used to determine secondary losses. The present document mentions only 
the equivalent straight pipe length method, which assesses the pressure drop generated by a pipe 
accessory and determines the equivalent length of straight pipe with the same pressure drop.

Figure 27 shows a nomogram for various pipe accessories and consists of three scales. Draw a 
straight line connecting the left scale, which describes the pipe accessory, to the right scale, which 
corresponds to the inside diameter of the pipe accessory. The point of intersection of this line with 
the central scale tells us the equivalent length of a straight pipe for the accessory.

Once the equivalent length of all accessories is determined, calculate the pressure drop or second-
ary losses using the following equation:

h L
D gfa = ∗ ∑
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Where SL is the sum of all equivalent lengths of accessories within the same diameter. The values 
for the equivalent length of accessories are standard common values. In fact, the pressure loss val-
ues of the accessory will depend on the particular design of the manufacturer. The total losses will 
be the sum of the primary and secondary losses.

iii. Once total losses by friction are calculated, calculate the electric power needed to offset the fric-
tion losses. This is the end point of the evaluation of losses during the energy efficiency audit. 
Calculate the required electric power with the following expression:
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Where:
Pe  is the electric power needed to compensate the losses (kW)
hfr are the friction losses in the straight pipeline (mwc)
hfa are the friction losses in accessories (mwc)
Q  is the flow (l/s)
ηEM  is the electromechanical efficiency of the motor-pump arrangement in deci-

mals (–)

Commonly, when there is insufficient water conduction ability, the electric power needed to compen-
sate is a significant percentage of the power demanded by the pumping system. This is an essential 
calculation for the energy saving measures in the efficiency plan.

4.3.5. Calculation of Energy Indicators

There are a large number of indicators to measure the effectiveness and efficiency of a water system, 
but in terms of energy efficiency, tracking the energy index EI (kWh/m³) and unitary energy cost indica-
tor UEC ($/kWh) is essential. It is important to measure, register, and analyze these indicators contin-
uously in water and sanitation companies, as the results can reflect the progress achieved and help es-
tablish further policies and programs to increase energy efficiency.

4.3.5.1. Energy Index EI (kWh/m³)

The energy index represents the relationship between the energy used by the pumping system in a 
drinking water system and the total volume of water produced and supplied to the distribution net-
work. The volume of water produced is expressed in cubic meters per year. The amount of energy 
consumed in the pumping system is determined from past billing statements of the local electricity 
company. The consumption in kilowatt-hour (kWh) is totaled on a yearly basis. The energy index is cal-
culated as follows:

There is no energy index baseline value because this value depends on the type of water source avail-
able in the water supply system and the topography of the city. Systems located in hilly topographies 
that supply water by using pumping stations only will have higher energy index values. Also, systems 
with many leaks in the network will show an increase in the production and supply of water, and thus 
greater consumption of energy. On the other hand, a water company’s energy index will go down by in-
stalling more efficient pumping equipment and minimizing the leakage in the network.

4.3.5.2. Unitary Energy Cost Indicator UEC ($/kWh)

The cost per unit of energy consumed depends on several factors, such as the type of electricity tar-
iff contract, specific load factor (reflecting actual operation hours with respect to fulltime operating of 
24 hours a day), and other factors affecting energy such as penalties or billing credits due to the PF of 
the electrical installations. Unitary energy cost (UEC) is calculated based on the total annual consump-
tion of energy (kw/year) and the total of the energy bills ($/year) collected by the water company over 
the year.

EI = 
Total energy consumed by the equipment (kWh)

Total water produced and supplied to the system (m3)
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Like the energy index, there is no average reference value. These indicators are based on the electro-
mechanical infrastructure and respective costs and have to be set for each water company.

4.3.6. Actual Energy Balance

Once the energy efficiencies of the pumping system components are evaluated, the actual energy bal-
ance of the equipment must be determined. The actual energy balance is an indicator of the elements of 
the pumping system that consume the most energy and serves as a basis for planning savings measures.

The most significant value obtained with this indicator is the breakdown of all the energy lost in the 
supply and use of energy by distinguishing it from the useful work, which is the energy actually used 
by the system for water pumping. Anything that is not useful work is lost energy. The balance makes 
it possible to distinguish the difference between the two. It indicates the distribution of energy and 
where it has the greatest impact, and where the major energy saving opportunities can be found.

The actual energy balance calculates the energy losses and efficiencies of all the pumping system com-
ponents according to the sections 4.3.1 to 4.3.5 of this document. The energy losses and efficiencies 
are shown in Table 11, where the value of each element of energy consumption is then broken down 
into the actual energy balance.

UEC = 
Total energy billed ($/year)

Total consumption of energy (KWh/year)

tAbLe 11: Example of Energy Balance in a Pumping System

Parameter Unit Amount
Energy consumption kWh/year 73,651
Motor efficiency % 77.92%
Pump efficiency % 33.72%
Leakages losses % 40%
Useful head mwa 35
Electrical loses kWh/year 1,538
Motor losses kWh/year 15,920
Pump losses kWh/year 37,242
Suction & discharge
pipe losses

kWh/year 52

Network head losses kWh/year 4,652
Leakages losses kWh/year 5,698
Useful work kWh/year 8,548

Network head losses
6.3%

Leakages
losses
7.7%

Useful work
11.6%

Motor losses
21.6%

Pump
losses

50.6%

Suction &
discharge

pipe losses
0.1%

Electrical losses
2.1%

ACTUAL ENERGY BALANCE

The elements that compose the actual energy balance are:

Energy consumption – total electrical energy consumed by the pumping system during a full year 
of operation (kWh).
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Motor efficiency – the real motor efficiency (–).

Pump efficiency – the pump efficiency (–)

Leakage losses – an estimate of water lost through leaks in the distribution network, according to 
previous studies of the network (–).

Useful head – the pump load due to the physical and topographic elevations and the vertical dis-
tance between the suction and highest point of delivery, expressed in meters of water column 
(mwc).

Electrical losses – energy losses in electrical items, in this case, due to the conductor’s energy 
losses.

Motor losses – energy losses in the motor based on real motor efficiency.

Pump losses – energy losses due to pump inefficiency.

Suction and discharge pipe losses – energy losses caused by friction of the fluid in piping suc-
tion and discharge.

Network head losses – total pumping load losses calculated by the difference between the net 
pumping head and the corresponding pressure gap.

Leakage losses – energy losses estimated from the fluid leaks in the distribution network, calcu-
lated based on the leakage factor.

Useful work – real work expressed in units of energy actually needed by the pumping system or, 
in other words, the energy that is actually used in the pumping system to deliver the fluid.

Once the losses are calculated for each of the elements of the pumping system, a pie graph can be 
made, as in Table 11, to give a better perception of the actual energy balance.

4.3.7. Analysis of Operating Conditions

In doing an analysis of operating conditions, there are two important observations to make. The first is 
the real load-flow operating conditions of the pumping systems to see whether they are constant or if 
they change by a period of time. The second is the regulation of water levels in suction pits and regula-
tion tanks.

According to their design, all pumps have an optimum load-flow point of operation called a duty point, 
where all losses described in previous sections are minimized. If the pump is operating out of its duty 
point, it may be due to:

•	Low energy efficiency
•	Worn components, particularly drivers and wear rings
•	Cavitation by low suction
•	Other operating conditions than those present when the pump was designed
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Figure 28 presents the typical problems caused by operating a pump out of its duty point.

figure 28: Problems of a Pump Working out of Its Duty Point
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Pumping systems commonly operate at different conditions than those for which they are designed. 
The causes of this problem include the following:

•	Discontinuous supply – It is common to find pumping systems that supply to different points or areas 
of the distribution network, even on the same day. A typical discontinuous supply operation supplies di-
rectly to the network one day, and the next day it supplies to a tank or another area of the population.

•	Emergency repairs – Due to the lack of preventive maintenance, urgent repairs are often needed, but 
the companies lack the correct components required to effectively perform repairs or replace equip-
ment. Instead they use the components available to them, but in most cases these were designed for 
other operating conditions.

Figure 29 shows that a significant head-flow variation in the operating conditions can affect the pump 
efficiency up to 20 percent.

The next observation is to determine the method used to control suction and discharge water levels of 
tanks related to the pumping system. Commonly, the water levels in suction pits are measured manu-
ally, which causes inefficiencies such as spills in the tanks. As a result, equipment ends up operating 
for long periods in unfavorable load conditions, and thus directly affecting the electromechanical effi-
ciency. In this situation, it is very important to carry out the following tasks during the energy efficien-
cy audit:

1. Clearly identify the operating conditions of the equipment, which includes load-flow operating condi-
tions for different periods of the day or every week.

2. Obtain the design parameters or, if possible, the original design curve of the equipment installed in or-
der to provide appropriate recommendations in each situation.
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figure 29: Pump Operation and Efficiency Affected by Variations in Operating Conditions
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Chapter 5

IDENTIFYING ENERGY SAvING OPPORTuNITIES

Based on the analysis of the information obtained during the energy efficiency audit, including the 
findings on operating conditions and maintenance, define a portfolio of possible projects to cover 

all energy and economic saving opportunities, including measures of low to high investment. For proj-
ects that require higher investment, evaluate the cost-benefit from either a payback analysis of the in-
vestment or a detailed analysis based on the net present value and the lifespan of the purchased good, 
which will be seen later herein. In general, the actions identified in each project are intended to con-
trol and optimize the variables affecting consumption and cost of energy. In this manual, saving mea-
sures are classified into the following groups:

•	Measures related to the energy rate
•	Loss reduction measures in electrical installations
•	Measures to increase the efficiency of motors
•	Measures to increase the efficiency of pumps
•	Head loss reduction
•	Leakage reduction
•	Operating improvements
•	Electric power supply source replacement
•	Maintenance (see Chapter 8)

A detailed description of each savings measure, its respective technical basis, and the criteria used for 
the implementation of these measures are described in the following section.

5.1. MeAsures reLAteD to the energY rAte

5.1.1. Electrical Service Rate Optimization

An attractive savings opportunity in pumping systems is to find a cheaper rate with a different electric 
power supply company. In order to do so, it is important to undertake a study of the rate structure dur-
ing the energy audit.

Electricity fees for water and sanitation companies may vary according to agreements established with 
the supply companies. To find the best rate, first identify the tariffs in each and every one of the wa-
ter and sanitation company’s services, as well as the demand and consumption for each facility. Then 
do an assessment of the potential savings in the cost of electricity with different tariffs. Compare the 
amounts that would be paid by using each rate. It is important to consider all the costs associated in 
each price. For example, if you are going to change from low-voltage to medium- or high-voltage sup-
ply, consider the tariff change as well as costs of investments required to purchase and install the elec-
trical transformers as well as the costs associated with the maintenance of such transformers.

5.1.2. Electricity Demand Control

In most Caribbean countries, the cost of electricity varies depending on the time of day that electrici-
ty is used. The type of fee that is often used in the service contract of water and sanitation systems is 



52   Evaluation of Water Pumping Systems: Energy Efficiency Assessment Manual

referred to as an hourly fee. In this type of rate there is a time known as peak demand time, where the 
unit cost of energy is usually much higher than during the rest of the day.

In facilities where this rate is used to supply electricity, compare alternatives for implementing a 
measure that manages consumption when demand is at its peak. This is known as a demand control 
scheme, which is based on decreasing the hydraulic operation and thus electricity load during peak 
hours. As a result, the total cost of electricity supply drops. Demand control can be put into place 
through the following:

a. Modification of operating procedures to reduce consumption during the peak demand time.
b. Installation of timers to stop certain equipment before the start of the peak demand time and pro-

grams to restart it again at the end of peak demand.
c. Introduction of a system to automatically cut off equipment of significant electrical size to control 

global facility power demand (mainly during peak hours), without affecting the process parameters, 
such as pressure or level in tanks.

5.2. Loss reDuCtion MeAsures in eLeCtriCAL instALLAtions

5.2.1. Improve Cooling in Transformers

If the temperatures recorded in the transformer are high or remaining in an out-of-normal range during 
the field measurements, it can lead to a significant loss of electrical power. In this case, the cost of cor-
recting the failure should be assessed. 

 Situation observed during audit: Determine if the electrical losses in the transformer represent  
  more than 2 percent of total energy consumption during the 
  audit.
 Recommended measures: Depending on the particular problem, apply actions listed in 
  Table 12.

tAbLe 12: Recommended Actions to Improve Conditions in a Transformer

observed condition recommended action

The transformer has many been in operation for many 
years and/or is in bad shape.

Practice general maintenance on transformer and, in case of 
irreversible damage, replace with a new low-loss transformer.

The transformer has a high temperature due to lack of 
ventilation in the room where it is installed.

Improve the ventilation in the room where the transformer 
is, either by installing extractors or by opening windows for 
ventilation of the room.

The temperature of the transformer is high during 
operation due to the high ambient temperatures. Install a transformer-forced ventilation system.

5.2.2. Upgrade Electrical Conductors

If the caliber of conductors does not meet the requirements of the pumping equipment, select a con-
ductor that not only meets the international standard but also saves energy. 
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 Situation observed during audit: The electrical conductors are in poor condition and/or are 
  overloaded and near their capacity limit.
 Recommended measures: Replace current conductors with higher caliber conductors that 
  comply with international and safety standards.

5.2.3. Optimize Power Factor

The objective of this measure is to eliminate the problems caused by a low PF. If the value is less than 
90 percent, improve the PF to maximize unit’s capability.

 Situation observed during audit: The PF in pumping equipment is less than 0.90 or 90 percent.
 Recommended measures: If the low PF is caused by an oversized or poorly working  
  motor, replace it with a new high efficiency motor with a  
  capacity of operation of around 75 percent of its load.

Once the problems of motors are solved, compensate the PF with capacitor bank with the following ac-
tions:

1. Measure the PF
2. Propose the installation of a capacitor bank in order to achieve a PF of 0.97
3. Install the proposed capacitors downstream of the motor starter so they only remain in operation 

when the motor is on

5.3. MeAsures to inCreAse the effiCienCY of Motors

5.3.1. Correct Voltage Imbalances

 Situation observed during audit: The motor is working with suboptimal efficiency due to a  
  voltage imbalance in its electrical supply.
 Recommended measures: Depending on the source of the voltage imbalance, actions to 
  be implemented are outlined in Table 13.

tAbLe 13: Recommended Actions to Correct the Voltage Imbalance in Electric Motors

source of voltage imbalance Corrective actions

Imbalance in electric current demanded by the motor, which 
produces a drop in voltage at each phase and therefore an 
imbalance in voltage.

Perform regular motor maintenance. If the damage is irreversible, 
replace the motor with one that has higher efficiency.

Imbalance of energy source at the power supply company. Request that the energy supply company correct the problem.

Imbalance caused by the substation’s own transformer. Perform regular transformer maintenance. If the damage is irrevers-
ible, replace with a new low-loss transformer.

Imbalance caused by uneven transformer workloads. Balance the transformer workloads.

5.3.2. Replace the Electric Motor with a High Efficiency Motor

If the motor breaks and repair is needed, replace it with a high efficiency motor. These motors differ 
from standard motors based on the following characteristics:
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•	Made of top-grade magnetic steel and insulating materials
•	Reduction in the spaces between internal steel and rolling thickness spaces, which lowers possibility of 

internal losses
•	Increase in the caliber of drivers
•	Use of fans and more efficient cooling systems

5.3.3. Optimize Motor Efficiency

The energy efficiency audit will calculate the operating efficiency of the electric motors. Table 14 out-
lines the recommended corrective actions to take if there are abnormal findings.

Implementing these actions can substantially improve motor efficiency and thereby reduce energy 
losses. For example, a 30 percent reduction of losses in a 10HP engine with 82 percent efficiency in-
creases its value to 87 percent, which can also represent an increase in energy savings.

5.3.4. Replace the Motor-Pump Set

This measure is recommended when the mechanical efficiency is substantially lower than the opti-
mum, and the potential for energy savings is more than 20 percent. Potential savings are higher with 
commercially available equipment. It is also important to separately review the real and estimated ef-
ficiency values for electric motors. The general approach is that if the potential for improving motor ef-
ficiency exceeds 5 percent, thus increasing potential savings, the motor-pump should be replaced. To 
increase the chances of success in energy efficiency and energy savings, select a pump using the fol-
lowing recommendations:

•	Do not calculate unrealistic safety factors or include inappropriate information in the specification.
•	If the pump will operate in more than one point of head-flow, select it so that both points present a “rea-

sonably high efficiency.” Figure 30 illustrates this recommendation using two pumps with different H-Q 
operations. Pump B has a flat curve and is adequate for frequent changes in the dynamic level, while 
Pump A would be more favorable when the dynamic level is more stable.

figure 30: Typical Curves of Two Pumps with Different H-Q Operation

Once the pump is installed, verify the operation point and make the necessary adjustments.
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tAbLe 14: Recommended Actions to Correct Inefficient Operating Conditions In Electric Motor

observed condition Diagnosis Corrective action

Power voltage lower than the 
original.

The voltage at the supplier connec-
tion point is below the original.

a) Correct the transformer voltage adjusting 
devices or TAPs of the transformer. (The TAPs 
are used to adjust the voltage transformation 
relationship and adjust the output voltage to the 
motor to absorb the variations of the supplier/
changers handling components.)

b) Ask the supplier to fix the problem.

The voltage at the supplier connec-
tion point has variations higher than 
5 percent.

Ask the supplier to fix the problem.

The voltage at the point of supplier 
connection is the same as the original 
of the motor and has no significant 
variations.

a) Correct the TAPs of the transformer.

b) Diagnose and administer maintenance to the 
transformer.

Voltage imbalance in the motor’s 
power supply.

The voltage at the supplier connec-
tion point is unbalanced. Ask the supplier to fix the problem.

The in voltage is balanced and the 
out voltage is unbalanced.

Diagnose and maintain the transformer as 
needed.

The voltage at the terminals of the 
secondary transformer is balanced 
and power to the motor is unbal-
anced.

a) Review the grounding of the transformer and 
the motor connection. Correct problems where 
detected.

b) Review the control motor center, starter and 
motor, and connections. Correct problems where 
detected.

Imbalance in power demanded by 
the motor.

Imbalance in power is inversely pro-
portional to the imbalance in voltage. Correct the imbalance in voltage.

The imbalance is produced by a 
power demand unbalanced by the 
phases of the motor.

a) If the imbalance is less than 5 percent, 
perform motor maintenance

b) If the imbalance is greater than 5 percent, 
replace the motor with a high efficiency motor.

The speed of the motor operation is 
under original full load speed.

Problems with bearings. Lubricate and replace components that create 
problems.High temperature and/or high vibra-

tion in bearings

The motor has standard efficiency 
and has been in operation more 
than 10 years.

Low motor efficiency.

Replace the current motor with a new high 
efficiency motor that operates at around 75 
percent of capacity.

The motor has been repaired 
(rewound) more than twice. Depreciated motor efficiency.

The motor is currently working on a 
load factor of less than 45 percent. Low motor efficiency.

The motor is currently working on 
a load factor of greater than 100 
percent.

Low motor efficiency.
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5.4. MeAsures to inCreAse the effiCienCY of PuMPs

5.4.1. Adjust the Pumping Equipment to the Actual Operating Conditions

Define at least two points of the head-flow curve where the pumping equipment is operating. Assess 
the characteristics of the installed equipment in terms of whether they meet the real operating condi-
tions required; for example, reduce the number of bowls, adjust impellers, change impellers, or replace 
pumping equipment. Table 15 lists appropriate actions that can be taken to increase the efficiency of 
the pump based on observations.

tAbLe 15: Recommended Actions to Adjust the Pumping Equipment to  
the Actual Operating Conditions

Pump type operation point position Actions

Vertical multi-
stage pump

Above pump’s curve.
Increase stages of the pump until the curve adjusts to the 
operating conditions.

Replace impellers with new ones of a greater diameter.

Below pump’s curve.

Decrease stages of the pump until the curve adjusts to the 
operating conditions.

Shorten the impellers so the pump’s curve adjusts to the 
operating conditions.

Horizontal
Above pump’s curve. Replace impellers with new ones of a greater diameter.

Below pump’s curve. Shorten the impellers so the pump’s curve adjusts to the 
operating conditions.

5.4.2. Adjust Impeller Position in Open Impeller Turbine Pumps

This measurement applies only for open impeller turbine pumps with low operating efficiency.

Adjust the shaft with the impellers in the bowl section of the pump by lifting or lowering the shaft with 
the adjustment nut. Figure 31 shows the impeller array within the body of the pump bowls. This impel-
ler setting is calibrated with the shaft under the manufacturer’s specifications at the time of installa-
tion. Improper positioning of the impellers at the time of installation or natural shifting over time will 
cause lower pump efficiency.

The following steps should be taken to adjust the shaft to its design position:

Step 1: Remove the vertical motor cover to reveal the shaft adjustment nut (see Figure 32).

Step 2: Dismount the security screw that prevents the nut from moving.

Step 3: Once the nut is free, move it until it is not supporting the weight of the shaft. At that point, 
tighten it by hand until it is fixed, and then measure the length of the shaft that is above the level of 
the nut.

Step 4: Lift the shaft by tightening the adjustment nut until it reaches the upper rim of the bowl. 
Take the corresponding measurement from the adjustment nut to the top of the shaft. The distance 
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Shaft

Impeller

Space betwen bowl and impeller

Bowl

figure 32: Diagram of a Hollow Shaft Motor Attached to a Turbine Pump*

Source: Byron Jackson Manual for Turbine Pumps.

Security screw

Motor upper cover Shaft

Shaft nut

measured is the current total impeller space between the body of the bowls. If the distance does not 
match the value supplied by the manufacturer, the impellers are worn.

Step 5: Loosen the shaft until the impellers reach the top of the bowl. After doing this, tighten the nut 
to adjust the shaft according to the distance specified by the manufacturer, which depends on the di-
ameter of the shaft and the hydraulic head.

figure 31: Turbine Pump with Open Impeller Diagram
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5.5. heAD Loss reDuCtion

5.5.1. Correct Defects in the Discharge Piping Configuration and Operation

If the audit determines that there is a problem in the discharge pipeline configuration and it is caus-
ing lower efficiency in one of the pumps, correct the discharge piping configuration and operation. This 
measure should be applied in pumping systems when there are unnecessary back pressures or to pre-
vent flow recirculation from the pumping equipment. In this case, make changes to the discharge pipe 
or primary pipe configuration to avoid the problems mentioned above.

5.5.2. Reduce Friction Losses in Conduction Pipes

Losses caused by water friction on the walls of the pipe can reach up to 30 percent of the power de-
manded by the pumping equipment in some cases, especially in pipes with high water velocity. The 
recommended fluid speed in a pipe is less than 2.0 m/s. If the fluid velocity is above this value, some 
actions must be taken to reduce the fluid speed in pipes.

Evaluate the following actions and choose the most cost effective ones:

a. If the pipeline has already been in operation for several years and is in bad condition, replace the cur-
rent pipe with one of a larger diameter that can achieve fluid velocities between 1.0 and 1.5 m/s.

b. If the pipe is in good condition, analyze the next two options:

1. Install a pipeline parallel to the current one whose diameter is such that velocity is reduced to a 
value of 1.0 to 1.5 m/s in both pipelines.

2. Replace the current pipeline with a one that has a larger diameter and achieves water velocity be-
tween 1.0 and 1.5 m/s.

5.6. LeAkAge reDuCtion

5.6.1. Implementation of a Leakage Detection and Repair Campaign

The objective of leakage control is to minimize the time between the emergence of a leak and its sub-
sequent repair, as well as to contribute to continuous improvements in the conservation and mainte-
nance of the distribution network.

Controlling leakage is a continuous activity that relies on monitoring the water network, gathering re-
ports of leakage detected by users, systematic searches for hidden leaks, and regular evaluation of 
flow balances and testing. Using a sampling of recent data and field statistics, evaluate the losses and 
create a water balance to estimate the percentage of water consumption that can be lowered by reduc-
ing leakage.

1. Collect information and data describing the current efforts to reduce leakage, such as information on 
staff, budget, procedures, equipment, results, and indicators.

2. Analyze data and plan short- and medium-term actions. The causes of water loss can be determined 
and addressed with proper equipment and human resources.

3. Establish a program to control and eliminate leakage, which should include general and prioritized ac-
tivities, scheduled costs and benefits, and funding sources.
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4. Implement short-term actions, such as the development of a leakage control department, investigation 
of leaks reported by the public, purchase of equipment, and staff training.

5. Monitor performance and keep records of operations.
6. Compute a water balance each year and periodically evaluate it by benchmarking the percentage of 

potential leakage and the cost-benefit relationship of leakage control.

5.7. oPerAting iMProVeMents

5.7.1. Installation of Frequency Invertors

The use of variable speed drives in pumping equipment is recommended for systems in which water 
is supplied directly to the distribution grid, water demand is variable, and an evaluation indicated a 
high potential for energy savings. This measure consists of implementing a pressure-flow control sys-
tem that uses an electronic variable speed drive to control the electric motor speed. Take the following 
steps to properly implement this measure and calculate the subsequent savings:

Step 1: Select viable equipment and consider its energy consumption while operating without the vari-
able frequency drive. Also consider pressures and flow rates for 24 hours and record data of discharge 
pressure (kg/cm2), flow (m3/s), and electric power demanded by the motor (kW) on an hourly basis (see 
Table 16).

tAbLe 16: Sample Energy Consumption Chart

Date
time

hh:mm:ss
(at least 24 hours)

Pressure
(kg/cm2)

flow
(m3/s)

electric power
(kw)

Step 2: Select the optimal operating pressure for each water distribution system based on the 
following:

i. Optimal operating pressure is the lowest pressure at which the system could operate to provide ser-
vice at any point in the network, and is usually the lowest value registered during the monitoring. 
This value must be verified in the field or with a hydraulic simulation model to check if water is still 
being provided to the highest points in the network.

ii. If the minimum pressure recorded in the monitoring is enough so that water reaches all points in the 
network, it is the optimal operating pressure.

iii. If the minimum pressure recorded in the monitoring is not enough so that water reaches all network 
points, pressure should be increased until water reaches all points of the network.

Step 3: Calculate the energy savings in accordance with the following:

i. For each of the records obtained during monitoring, calculate the decrease of discharge pressure using 
the following equation:
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If pop > pr  Δpr = 0 .0

If pop < pr  Δpr = pr – pop

Where:
pop optimal operation pressure (kg/cm2)
pr registered pressure during monitoring (kg/cm2)
Δpr pressure decrease in the specific register (kg/cm2)

ii. For each of the records obtained during the monitoring, use the following equation to calculate the 
power savings with the variable speed drive installed to keep the pressure at the optimal level ob-
tained in the previous step:

Where:
ΔPe electric power saved (kW)
Δpr decrease of discharge pressure (mwc)
Q flow (l/s)
ηem  electromechanical efficiency of the pump-motor set (–)

iii. Calculate the energy saved using the following equation:
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Where:
ΔE energy saved in the monitoring period (24 hours) (kWh)
ΔPe,I electric power saved in the register i (kW)
hr,I time at the register i (h)
nim number of registers in the monitoring time
h  hours or time period in monitoring (h)

iv. Once electrical energy savings are estimated, calculate the amount of investment necessary to imple-
ment this savings measure and the economic assessment of the project.

5.7.2. Installation of Regulation Tanks

The installation of a regulation tank may reduce the required peak capacity of the pumping system 
when water is pumped directly to the network, therefore reducing the average electrical power de-
mand. If this measure is applied, in addition to the energy savings achieved by reducing the power 
necessary to supply the water peak demand, more energy savings is possible if the capacity of the new 
or regulating tank is enough to reduce the operating time of the pumping system. This allows users to 
manage the power needed in peak hours when the electricity cost may be higher.

To evaluate the energy saved by implementing this measure, calculate the new quantity of electric 
power needed by the pumping system to supply the regulation tank with the following equation (use 
the same units for each of the products of Htmb*Q):

ΔPe =
Δpr * Q * 9.81

em
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Where:
P’eQm electrical power expected with the new average flow
PeQm electrical power demanded with the actual average flow
Htmb*Q actual product of the hydraulic head multiplied by the actual average flow
(Htmb*Q)’ expected product of the hydraulic head multiplied by the new average flow

5.8. eLeCtriC Power suPPLY sourCe rePLACeMent

5.8.1. Utilization of Renewable Energy Sources

Renewable energy sources can be divided into two categories. The first includes sources where ener-
gy is harvested directly from natural resources such as sunlight, wind, and hydropower. The second in-
cludes sources where energy is harvested from organic matter or biomass, which can be used directly 
as fuel (wood or other solid vegetable material) or converted in bioethanol or biogas through organic 
fermentation processes, or in biodiesel through transesterification reactions.

In drinking water systems, energy can be harvested from water treatment and purification plants in the 
form of methane, produced by anaerobic decomposition processes of sludge. The following natural re-
sources provide renewable energy sources:

•	The sun: solar energy
•	Wind: wind energy
•	Rivers and freshwater flows: hydropower
•	Waves from seas and oceans: tidal energy
•	The heat of the earth: geothermal energy
•	The use of salinity gradient power of fresh water and salt water through osmosis, often called blue energy

There are several applications of solar and wind energies in water distribution systems, including so-
lar photovoltaic pumping systems or wind-powered pumping systems used in rural and remote areas, 
such as farms.

Solar Energy

There are a number of systems and subsystems that can use solar energy in drinking water systems. 
Some examples are automatic isolation and control valves, pressure and water quality monitoring, and 
small drinking water pumping systems in rural areas or remote electric power networks.

Wind Energy

Wind energy can complement existing power grid lines or allow for nonconventional energy systems 
to power drinking water systems in rural communities. In some communities, a hybrid energy solution 
for rural water projects with a wind array and backup diesel generators is highly attractive and cost-ef-
fective. These options are complementary, not only in reducing costs, but also by increasing the energy 
security of the system. Wind energy has low maintenance costs, therefore water production costs de-
crease significantly. Many systems that are currently in operation have high, costly energy needs and 

P’eQm * PeQm
Htmb * Q

(Htmb * Q)
=
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could satisfy part of these needs with wind energy. If these systems are in areas of significant wind po-
tential, it would be easy and inexpensive to implement a hybrid system in their facilities and reduce 
production costs.

To significantly reduce size and cost, a wind power system should be implemented in a site with high 
wind potential. Reliable winds must then be properly assessed to determine average wind speeds. The 
wind information must be gathered directly at the potential site using anemometers or wind sensors 
for a minimum period of six months.

figure 33: Operation of a Windmill to Extract Groundwater

Wind wheel

Platform

Tower

Tank

Piston pump

Windmills or wind turbines are very simple machines that transform the mechanical energy of wind 
into mechanical power for a pump. For a pumping system, wind energy is very efficient because it does 
not require conversion to another form of electrical energy. Ensuring an efficient, economical, and sta-
ble energy supply is achieved through the use of accumulation ponds whose volumes are determined 
by the study of winds and estimated consumption. They are very simple low-cost systems that use pis-
ton-type pumps and require minimal maintenance. For example, a complete system (not including the 
well) to pump a flow rate of 1 l/s costs around US$3,400.2

Small wind turbines produce between 1 and 10 kW, and allow users to supply electricity to waste 
water management projects for treatment and their own functioning processes. The cost of the in-
stallation varies, mainly depending on the remoteness of the site. The cost of the tower is approx-
imately 50 percent of the total value of equipment. Current fees are between US$2 to $6 per in-
stalled watt.

2 This estimate is based on 2010 costs.
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5.8.2. Production and Utilization of Biogas in Wastewater Treatment Plants

Biogas is a combustible gas containing mainly methane generated in natural environments or in specif-
ic devices by the decomposition reactions of organic material through the activity of microorganisms—
specifically bacteria methanogens—in the absence of air (i.e., in an anaerobic environment). When or-
ganic matter decomposes in the absence of oxygen, biogas is produced. This reaction takes places in 
the biodigester.

Implementing biodigesters in water systems achieves two results: the decontamination of wastewa-
ter reaching and exceeding the international standards and the production of biogas as an additional 
product. This biogas can be used for heating purposes, in internal combustion engines to directly drive 
pumps, or for the production of electricity through a generator.





Chapter 6

ASSESSMENT OF SAvINGS MEASuRES

6.1. energY sAVings eVALuAtion (eXPeCteD energY bALAnCe)

Once energy savings proposals have been identified, the equipment change specifications and activ-
ities, including the new efficiencies, losses, and energy balance, should be evaluated again to deter-
mine the potential savings expected once the plan has been implemented. The new assessment should 
be carried out according to the process described in Chapter 4 of this manual by updating or replacing 
equipment data and improving operating conditions.

According to the assessments of the motor, electrical conductors, and specifications proposed, and as-
suming that the pump will work within the efficiency range of the head-flow curve, a new expected en-
ergy balance may be calculated to reflect the pump’s operation with the proposed savings measures. 
This calculation is performed in the same way as described in Chapter 4 of this manual. In this case, 
the expected balance depicts the percentage of savings that the measures will have when implement-
ed. The energy savings in the expected energy balance are calculated using general electricity costs 
and evaluated according by the following terms:

Unitary energy cost (UEC) – overall cost of electrical energy is obtained in local currency units or 
($/kWh).

Direct savings – savings expected in reducing energy losses from the new energy balance by imple-
menting the savings measures suggested for each pumping system. The savings from the expected en-
ergy balance are expressed per year (kWh). Total of savings is obtained by multiplying the energy 
saved by the cost of energy.

Additional savings – savings that are estimated based on the optimization of the PF and installation 
of a capacitors bank, which reduces losses in conductors and other electrical system components.

However, when operations with low power factors result in fines from the electricity supplier, these 
fines may be added to this figure in the last year of operation.

Total savings – the sum of direct and additional savings.

ToTAL sAVInG (sEco) = DIrEcT sAVInGs + ADDITIonAL sAVInGs

Since savings proposals involve the purchase of equipment, materials, and additional labor, consid-
er the corresponding investment for each of the pumping systems in your calculations. Investment cal-
culations must take into account all of the costs of the energy savings plan, breaking down each pro-
posed element into purchase, installation, and labor.

6.1.1. The Rate of Return on Investment Analysis

Finally, an analysis of the rate of return on investment in the proposed energy savings plan must be 
conducted. Calculate the simple payback period using the following equation:
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Where:
nri payback period (years)
Imae  total investment to implement the savings proposals in dollars or local currency
Seco  total economic savings in dollars or local currency per year

After calculating the savings and the rate of return on investment, prepare a summary of the total 
conventional energy savings measures or fast deployment and long-time investment measures (see 
Table 17 for an example spreadsheet).

tAbLe 17: Example Energy Savings Summary

Description of the 
saving measure

Actual consumption savings (1)

%
(2)

investment
(3)

Payback
years

(4)energy
kwh/year

energy bill
($/year)

energy
(kwh/year)

expected bill
($/year)

Total savings (5)

Legend:

1. Annual energy savings and costs for each savings measure resulting from the summation of both economic 
and energy savings of each pumping system and the rest of equipment, where each measure is applied .

2. Percentage of savings by type of measure, calculated by dividing annual energy savings by annual con-
sumption for each measure .

3. Estimated total investment cost for each measure .
4. Estimated time of simple return on investment, or payback, calculated by dividing the investment value by 

the annual energy cost savings in years .
5. Total savings and percentages obtained by either the summation of all the measures or by type of mea-

sures, to distinguish energy-saving measures from energy savings arising from hydraulic operation .

nri =
 Imae

Seco
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ENERGY AuDIT REPORT

The final step in the energy efficiency audit is to prepare a report containing the comments and con-
clusions of the audit, with an emphasis on energy savings opportunities and the necessary actions 

for their implementation. This sections describes the information needed for a good report.

7.1. eXeCutiVe suMMArY

The executive summary enables senior management of the WSC to view and analyze important results 
of the audit, as well as to have an indication of the costs and benefits of the recommendations. An ex-
ecutive summary is normally two to five pages long, and should contain the following components:

•	Both cost and energy savings of all pumping systems and equipment where the measure can be applied, 
which includes blowers, lighting systems, and other related equipment

•	The percentage of savings by measure (calculated by dividing annual energy savings by annual con-
sumption for each measure)

•	The investment cost for each measure
•	Profitability of investments conveyed by at least a simple payback time of return on investment (found 

by dividing investment value by annual cost savings)
•	Total economic energy saving and its percentages, which helps to distinguish the additional savings 

achieved with conventional measures from the savings resulting from hydraulic operation
•	Summary table (e.g., Table 17)

7.2. eVALuAteD fACiLities DesCriPtion

An assessment of the situation of the WSC’s installations should be made at the time of the audit, and 
should contain a summary of the following basic data:

•	General data for the electromechanical installations (equipment and conditions)
•	Overview of the production and distribution system of drinking water and sanitation (acquisition and 

distributions: well tank, combined system well drawn charges, etc.)

7.3. AnALYsis of energY ConsuMPtion

Present the data collected and analyzed with reference to energy consumption in all facilities. The de-
scription of the energy situation should be accompanied by graphics for better understanding and 
should include the following:

•	Energy consumption per year, including electrical demand from all facilities and services contracted by 
the company

•	Electricity rates
•	Total energy balance of the water company
•	Monthly changes in energy consumption and production costs
•	List of indicators that are applicable on the basis of the results of the analysis
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7.4. reCoMMenDAtions of sAVings MeAsures AnD their Costs

Submit a general assessment of the conditions found in the company’s electromechanical systems and 
observations of the equipment audit. Note any problems found in installations and maintenance. Then 
recommend savings measures using the following reference points:

•	Recommendation – Provide clear and concise descriptions of the actions to be taken to realize the ex-
pected savings.

•	Savings evaluation – Describe the assumptions and calculations made to reach the estimated savings 
opportunities.

•	Investment evaluation – Explain the assumptions and calculations made to reach the investment re-
quired to implement the recommendation.

•	Financial analysis – Explain how the plan is cost effective; include the period of return on investment 
and, if necessary, use the methods of the net present value and the internal rate of return.



Chapter 8

MAINTENANCE: KEY ASPECTS

A preventative and predictive maintenance program should be part of the energy savings plan. A 
maintenance program is composed of inventory of equipment and facilities, activities and frequen-

cy of execution, and a maintenance program schedule. The major benefits of an efficient facility main-
tenance program include the following:

•	Increased pumping capacity
•	Increased equipment reliability
•	More efficient and better-planned operation
•	Better service to the population
•	Less stress for personnel
•	Lower costs of operation and management
•	Longer useful life of equipment
•	Decrease in investment and maintenance costs
•	Energy savings
•	Economic savings

8.1. inVentorY of eQuiPMent AnD fACiLities

Develop an inventory of the equipment and facilities that contains the following information:

Electrical installations

•	Unifilar diagram: provide a new or updated version.
•	Electric conductors: include information about the length and size of electrical conductors in each sec-

tion, as well as whether they are in conduit or tray and the number of conductors that are in the system.
•	Transformers: identify each processor as well as include all information on its data plate.

Electric motors

•	Motor identification number (ID)
•	Plate data
•	Historic data including age, number of rewindings, and description of the repairs
•	Type of bearings and the date they were most recently changed
•	The control system, including data on the starter, switch, and protections specification

Pumps

•	Pump ID number
•	Specification of the pump (brand, model, material, speed of operation, and characteristic curves)
•	Data design (head and flow)
•	Impeller specifications (type and diameter) and date on which it was installed
•	Specifications of bearings, gland, and mechanical seals, including date they were last changed
•	Diagram of the hydraulic arrangement and discharge pipelines
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Tanks

•	Tank ID number
•	Dimensions and water volume capacity
•	Age and construction material
•	Maps and diagrams of the tank

Water Distribution Network

•	Diagram of the hydraulic network, indicating length, diameter, and pipe material, as well as the location 
of the valve boxes

•	Age of the pipe and failure statistics
•	Inventory of valves, indicating the specifications and locations of each

8.2. ACtiVities AnD freQuenCY of eXeCution

Identify the frequency with which different activities will be performed in both preventive and predic-
tive maintenance, which will be based on the experiences of the maintenance personnel and the equip-
ment suppliers’ recommendations. Use Table 18 as a guide to summarize the data and adapt it to the 
specific conditions of the company and the equipment.

tAbLe 18: Recommended Frequency for Different Maintenance Activities

subsystem equipment recommended action
Maintenance frequency upon 

failureDaily weekly Monthly Annually

Electrical Transformer

Equipment cleaning with 
dielectric solvent

Cleaning the area

Tightening of nozzles and 
mechanical terminals

Purification and filtration 
of dielectric oil, including 
centrifuging, filtrating, 
dehydrating, and degassing 
the contents of the 
transformer

Measurement and analysis 
of electric parameters

Physicochemical analysis 
of oil

Transformer connection 
testing (TTR)

Electrical testing (Megger)

Thermographic analysis

(continued on next page)
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tAbLe 18: Recommended Frequency for Different Maintenance Activities

subsystem equipment recommended action
Maintenance frequency upon 

failureDaily weekly Monthly Annually

Electrical

Motor control 
center

Cleaning panels with 
dielectric solvent

Cleaning and lubricating 
electric drives (springs, 
button panels)

Tightening hardware at 
electrical circuit ends and 
connections

Measurement and analysis 
of electric parameters

Electric resistance tests in 
ground networks

Continuity tests in ground 
networks

Thermographic analysis

Motor

Wire coil cleaning with 
dielectric solvent

Lubrication of bearings

Change axle bearings

Cap adjustment

Sanding and painting 
equipment encasements

Measurement and analysis 
of electrical parameters

Measurement and analysis 
of mechanical vibrations

Testing for damage to 
insulation

Resistance testing for wire 
coils

Thermographic analysis

(continued on next page)

(continued)
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tAbLe 18: Recommended Frequency for Different Maintenance Activities

subsystem equipment recommended action
Maintenance frequency upon 

failureDaily weekly Monthly Annually

Mechanical

Pump

Lubrication of bearings and 
bearing carriers

Lubrication of top shaft

Replacement of 
intermediate bowls hub

Adjustment of bowls’ 
intermediate seats

Replacement of suction cup 
bearings

Adjustment of shaft 
alignment

Replacement of bearings

Manufacture of towing hub

Adjustment of shaft bowls

Measurement and analysis 
of mechanical vibrations

Measurement and analysis 
of pump input and output 
pressure

Measurement and analysis 
of flow

Monitoring of towing hub

Monitoring of towing 
pressure

Discharge main

Cleaning and painting of 
discharge main components

Replacement of broken 
packaging in coupling 
joints, valves, and gauges 
and checking of pressure 
sustainability

Replacement of valves

Inspection and recalibration 
of macro gauges

Inspection of chlorination 
equipment

Cleaning of actuator and air 
expulsion valves

Measurement and analysis 
of mechanical vibrations

(continued on next page)

(continued)
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tAbLe 18: Recommended Frequency for Different Maintenance Activities

subsystem equipment recommended action
Maintenance frequency upon 

failureDaily weekly Monthly Annually

Mechanical Valves

Cleaning and evaluation of 
diaphragm

Cleaning and evaluation of 
diaphragm actuator spring

Replacement of O-rings

Cleaning of dust seal

Lubrication of bearing shaft

Cleaning of valve body

Cleaning of actuator

Replacement of electric 
conductor controls

Measurement and analysis 
of mechanical vibrations

(continued)

8.3. MAintenAnCe ProgrAM sCheDuLe

After taking inventory of the equipment, the next step is to create a maintenance schedule, which is a 
chart with dates on one axis and activities on the other. It is important to indicate the responsible par-
ty for each of the activities and to keep a record of completed activities; this will serve as a basis for 
improvement. Table 19 provides a sample maintenance schedule.

tAbLe 19: Sample Maintenance Schedule

facility equipment Activity responsible 
party

Date

week 1 week 2 week 3 week 4 week 5 week  6

8.4. Monitoring eQuiPMent suggesteD

In the development of an effective preventive maintenance program, there must be equipment avail-
able for monitoring the suggested parameters. The core activity of the maintenance program is to un-
dertake the actions recommended in Table 18, and then to use the measurements to make decisions. 
Create graphs with the data, and then analyze the trends to detect significant changes in the values of 
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the parameters before a failure occurs or the efficiency drops. The following is a suggested minimum 
equipment kit for completing the needed measurements:

Portable measuring equipment:

•	Flow meters: the most commonly suggested technology is ultrasonic or insertion electromagnetic flow 
meter.

•	Electric parameters meter: it is recommended to use an electrical net analyzer, which is able to take one 
and three phase measurements and the necessary parameters; in addition to measurements such as 
voltage, current and PF, it can measure other parameters related to power quality, such as harmonic dis-
tortion.

•	Thermographic camera: a technology that can detect abnormal “hot spots” in electric installations, 
which allows users to detect failing contacts or points where potential damages must be corrected.

•	Vibration meter: this equipment detects trends in the vibrations level of the motor pump sets, and al-
lows users to investigate the causes and prevent unexpected damage of the equipment if vibration lev-
els increase.

•	Ground tester: this equipment allows users to monitor the functioning of the grounding system in all the 
electrical and mechanical facilities.



Chapter 9

ACTION PLAN DESIGN

Once the IGEA has been completed, the WSC is now poised to develop a roadmap to improve en-
ergy performance. Successful WSCs use a detailed action plan to ensure a systematic process 

that is regularly updated, most often on an annual basis, to reflect recent achievements, changes in 
performance, and shifting priorities. While the scope and scale of the action plan is often depen-
dent on the energy efficiency measures evaluated in the IGEA, three main components make up the 
basic starting point for creating a plan: executive projects, activities and a critical path, and a finan-
cial plan.

9.1. eXeCutiVe ProJeCts

The scope of the energy efficiency project depends on the savings measures previously defined in the 
IGEA. As a rule, an engineering project is broken down into design and construction phases. The out-
puts of the executive project are drawings, technical records, and all other design documentation nec-
essary to carry out the project.

Project Drawings

The drawings should accurately and unambiguously capture all the geometric features of the required 
products or components of the energy efficiency measures. They should also convey all the required in-
formation that will allow those responsible for the implementation (construction) of the saving mea-
sures to execute them correctly. The drawings must be used to fully and clearly convey the following 
critical information:

•	Geometry: the shape of the object represented as views, such as how the object will look when it is 
viewed from various standard directions, such as front, top, and side.

•	Dimensions: the size of the object, expressed in accepted units.
•	Tolerances: the allowable variations for each dimension.
•	Material: what the item is made of.
•	Finish: specifies the surface quality of the item, either functional or cosmetic. For example, a mass-mar-

keted product usually requires a much higher surface quality than a component that goes inside indus-
trial machinery.

The required sizes of features are conveyed by marking dimensions. Distances may be indicated with 
standardized forms of dimension.

Technical Record

Along with drawings, the project must be accompanied by a technical record that integrates all addi-
tional calculations, technical specifications, and detailed information on the energy efficiency project, 
including where it involves changing pumping equipment, calculations, and new information, such as 
the data sheet from the manufacturer of the proposed pumping equipment and its new head-flow curve 
(see Figure 34 for an example).
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figure 34: Manufacturer Data Sheet of Submersible Pumping Equipment

Parameter Groundwater supply

Overview mode No
Select Type of Installation Well installation, no tank

Bore hole

30%
0%

Installation Type
Your Requirements
Allowed flow oversize

Configuration
Motor selection

Allowed flow undersize
Flow
Head
Maximum water temperature
Operating hours per day (low)

Speed regulation

53.7 m3/h
74.9 m
288 K
10 h

No

Grundfos standard motor

Operational Conditions
Calculation period 15 years

Energy price (high) 0.15 EUR/kWh

Hit List Settings
Maximum number of results 20

Pumps per product proup 1

Load Profile

Flow %
Head %

1

100
100

Time h/year
Consumption kWh/year

3650
66222

Energy price (low) 0.05 EUR/kWh

Energy price (medium) 0.1 EUR/kWh

Evaluation criterion Price + energy costs

Frequency 60 Hz

Increase of energy 6%

Phase 3

Starting method 3-phase DOL

Voltage 380 V

Pump material GG 0.6025 or 1.4301
(AISI 304)

Spec. consumpt. 0.3379 kWh/m3

Consumption
4.6 Wh/m3/m
66222 kWh/year

Price On request EUR
Energy cost 3311 EUR/year

Total costs On request EUR/15 years

Type SP 46-6-A

Flow
Quantity * Motor 1 * 13kW, 380V

54.3 m3/h (+1%) 
H total

18.2 kW
74.9 m

15.2 kW

33.1 A
34 A

0.83

Power P2
Power P1

Current (rated)
Current (actual)
Cos phi (actual)
Eff pump
Eff motor
Eff total
Flow total

72.7%
83.9%
61.0% = Eta pump * Eta motor
196005 m3/year

Max. pressure 734 kPa = during operation
in the load profile

Input Sizing result

15B233A6 SP 46-6-A 60 Hz

H
(m)

100

80

Q = 54.3 m3/h
H = 74.9 m
Es = 0.3344 kWh/m3

n = 3495 rpm
Pumped liquid = DrinkEff pump = 72.7%
Density = 1000 kg/m3 Eff pump & mtr = 61%

60

40

20

0
0 5 10 15 20 25 30 35 40 45 50 55 Q(m3/h)

P
(kW)

16

P2 = 15.2 kW

SP 46-6-6-A   3* 380 V, 60 Hz

P1 = 18.2 kW

12

8

4

0
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9.2. ACtiVities AnD CritiCAL PAth

There are a number of approaches to managing project activities, including flexible, interactive, incre-
mental, and phased approaches. Regardless of the methodology employed, careful consideration must 
be given to the overall project objectives, timeline and cost as well as the roles and responsibilities of 
all participants and stakeholders.

A project’s critical path contains a method for planning and management that puts clear emphasis on 
the resources (physical and human) needed to execute the energy efficiency project tasks. The goal is 
to increase an organization’s project completion rates. The system constraints and the resources for 
each project are identified. To work within the time constraints, tasks on the critical path are given pri-
ority over all other activities. Finally, projects are planned and managed to ensure that the resources 
are ready when the critical path tasks must begin, subordinating all other activities.

Regardless of project type, the project plan should undergo resource leveling and the longest sequence 
of resource-constrained tasks should be identified as the critical path. In multi-project environments, 
resource leveling should be performed across projects. However, it is often enough to identify (or sim-
ply select) a single “drum” resource—a resource that acts as a constraint across projects—and stagger 
projects based on the availability of that single resource.

Once all the activities and the critical path for each project of all of the energy saving measures are de-
fined, the energy efficiency action plan (EEAP) can be developed by defining prescribed activities in an 
abstract. Figure 35 shows an example of an EEAP abstract. For this abstract, classify and categorize the 
energy efficiency activities, measures, and projects into the following categories:

•	Short-term low- or noninvestment structural actions
•	Short-term investment structural actions
•	Short-term low- or noninvestment projects
•	Short-term investment projects
•	Medium-term investment projects
•	Long-term investment projects

9.3. finAnCing PLAn

In general, the energy efficiency financing plan is the budget for the investment in the savings mea-
sures. This plan allocates future investment and income to various types of expenses, such as the pur-
chases of equipment and the installation and construction activities required to implement the savings 
measures. The plan finances those investments under various assets or projects expected to produce 
future income by savings on energy costs.

The financing plan usually refers to the means by which cash will be acquired to cover the invest-
ments, for instance by using cash saved by implementing energy efficiency projects. A financing plan 
should implement all the defined energy efficiency saving measures through a similar format as the ac-
tion plan, using the same type and classification of the energy efficiency activities, measures, and proj-
ects so that the action and the financing plan can be seen together as a whole. To do this, the amount 
of cash needed to cover a specific action can should be recorded in the timeline of the energy efficien-
cy action plan (see Figure 36).
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figure 35: Example of an Energy Efficiency Plan

Measure Month

# Description 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36

Immediate implementation

1

Energy management committee

Structure definition

Write a Policy

Formalize operation

2

Improve the maintenance and measuring 
practices

Implement a predictive and preventive 
maintenance plan

Capacity building

Purchase of portable measuring equipment

3
Improve the hydraulic operating scheme

Hydraulic efficiency project including 
hydraulic modelling of xxx

Short-term implementation 

4 Improve the electromechanical efficiency in A

5 Improve the electromechanical efficiency in B

6 Improve the electromechanical efficiency in C

7 Improve the electromechanical efficiency in D

8 Improve the electromechanical efficiency in E

9 Improve the electromechanical efficiency in F

10 Improve the electromechanical efficiency in G

Medium-term implementation 

11 Improve the electromechanical efficiency in H

12 Improve the electromechanical efficiency in I

13 Improve the electromechanical efficiency in J

14 Improve the electromechanical efficiency in K

15 Improve the electromechanical efficiency in L

16 Improve the electromechanical efficiency in M
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figure 36: Example of a Financing Plan

Measure savings investments Payback

num Description kwh/year usD/year usD Years

Immediate implementation

1 Energy management committee.

Project management (3 years) 32,000

2 Improve the maintenance and measuring practices

Capacity building (3 years) 60,000

Purchase of portable measuring equipment 74,000

3 Improve the hydraulic operating scheme

Hydraulic efficiency project including hydraulic 
modelling of xxx 30,000

Short-term implementation 

4 Improve the electromechanical efficiency in A 209,098 67,957 13,161 0.19

5 Improve the electromechanical efficiency in B 136,698 44,427 10,401 0.23

6 Improve the electromechanical efficiency in C 86,533 28,123 13,161 0.47

7 Improve the electromechanical efficiency in D 50,853 16,527 11,781 0.71

8 Improve the electromechanical efficiency in E 41,040 13,338 9,711 0.73

9 Improve the electromechanical efficiency in F 47,296 15,371 13,161 0.86

10 Improve the electromechanical efficiency in G 34,636 11,257 11,781 1.05

Medium-term implementation 

11 Improve the electromechanical efficiency in H 46,238 14,737 24,776 1.68

12 Improve the electromechanical efficiency in I 20,574 6,687 11,781 1.76

13 Improve the electromechanical efficiency in J 17,404 5,656 11,781 2.08

14 Improve the electromechanical efficiency in K 14,566 4,734 13,161 2.78

15 Improve the electromechanical efficiency in L 8,003 2,601 10,401 4.00

16 Improve the electromechanical efficiency in M 2,194 713 13,161 18.46

Total: 715,133 232,128 364,218 1.57





Chapter 10

ACTION PLAN IMPLEMENTATION

The following two factors have to be taken care of during the implementation of the projects:

•	Design data: the design data defined during the project should be recorded in order to ensure the goals 
of the projects, specifically the expected energy savings.

•	Critical path: develop a critical path so that the planned duration cannot be easily altered and to ensure 
an efficient project schedule and financial performance review.

Developing a proper critical path means making sure resources are available at the necessary stages 
to avoid lapse in timeline. The goal here is to overcome the tendency to delay work or to do extra work 
and spend more money than planned. Because tasks are estimated for completion within an estimat-
ed timeframe, there is pressure on resources, as well as an incentive to complete critical path tasks as 
quickly as possible. Therefore, supervision must accompany the action plan’s implementation.

10.1. ACtion PLAn suPerVision

Supervision is, in some ways, the greatest prerequisite for action plan implementation. Because 
the difficulty of individual tasks may vary within the estimated duration, flexibility should be giv-
en rather than the pressure of completing “on time.” Instead, supervision is provided to ensure that 
the overall project stays within the parameters that were created during the planning stage. A proj-
ect date plan with an achievements chart or similar graph should be created and posted to show the 
consumption of resources as a function of project completion. If the rate of spending and resource 
consumption is low compared to the planned spending and resources consumption, then the project 
is on target. Otherwise, corrective actions or recovery plans must be developed to recover the loss. 
When spending and resource consumption rates exceed a critical point, alternative plans need to be 
implemented.

Supervision is the discipline of organizing and managing resources to bring about the successful 
completion of the energy EEAP goals and objectives. These processes are performed in order to ob-
serve the execution of the EEAP so that potential problems can be identified in a timely manner, and 
corrective action can be taken when necessary to control the execution of the plan. The key benefit is 
that the plan performance is observed to identify variances from the original EEAP. Supervising du-
ties include:

•	Measuring ongoing EEAP activities (“where we are”)
•	Monitoring the project variables (cost, effort, and scope) against the project management plan and the 

project performance baseline (“where we should be”)
•	Identifying corrective actions to address issues and risks properly (“how can we get on track again?”)
•	Influencing the factors that could circumvent integrated change control so that only approved changes 

are implemented.

In multiphase projects, the monitoring and controlling process provides feedback between project 
phases in order to implement corrective or preventive actions to bring the project into compliance 
with the project management plan.
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10.2. teChniCAL trAining

It is important to develop a permanent training program to strengthen the capabilities of staff to devel-
op the audits, execute and supervise the implementation of projects, and monitor the results. The top-
ics to be included in the program should be divided into two areas, depending on the specialties of the 
trainees. The two main areas and the suggested topics are as follows:

Technical staff training topics:

•	Energy quality assessment
•	Maintenance systems
•	Electrical installations design
•	Motor design and maintenance
•	Pumping systems design, evaluation, and maintenance
•	Energy audit execution
•	Monitoring and measurement technologies
•	SCADA systems
•	Piping design
•	Leak detection management

Managerial staff topics:

•	Planning skills development
•	Critical path project design
•	Leadership skills development



Chapter 11

MONITORING AND EvALuATION

A monitoring program should be put in place with the following goals in mind:

•	Assess the achievements of the energy savings projects based on the energy audit and adjust goals as 
necessary.

•	Identify and explain increases or decreases in energy use.
•	Predict future potential energy use when planning changes in the business.
•	Diagnose specific areas of wasted energy.
•	Track energy consumption trends and develop performance targets.
•	Manage energy consumption rather than accept it as an uncontrollable fixed cost.
•	Link actions and savings.
•	Report progress.
•	Feedback – evaluation.

•	Address issues
•	What worked?
•	What did not work?
•	What improvements are needed?

•	Update information on energy, water, and operation.

The monitoring and evaluation process should be based on indicators. In the case of water and sanita-
tion systems, the main indicators suggested are described in Table 20, divided according to the factor 
to be evaluated.

tAbLe 20: Main Indicators to Monitor in a Water System

energy efficiency indicators hydraulic operation indicators environmental indicators

•	 Energy index (kWh/m³)
•	 Unitary energy cost indicator ($USD /kWh)
•	 Electromechanical efficiency of pumping 

systems (%)

•	 Leakage losses index (%)
•	 Unitary water supply per habitant (l/

hab-day)
•	 Service continuity index (hours/

hab-day)

•	 Carbon emissions factor  
(t CO2/year)

•	 Aquifers exploitation index 
(%)




