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Message from the Chief Executive Officer of SALGA
Foreword by SALGA CEO
Water and wastewater treatment processes involve mechanical, biological, chemical, and human elements.
All of these constitute the sum of a treatment system. Dysfunctionality of any of the elements could result
in dire consequences such as non-compliance with environmental licence conditions, poor quality water that
adversely affects water courses and escalating treatment costs. The opposite is also true. Plant optimisation
protects the environment, ensures regulatory compliance and saves costs.
One of the key projects identified by SALGA in the short to medium term is to support municipalities through plant
optimisation i.e. ensuring municipal water and wastewater plants are operated optimally and cost effectively,
comply with environmental legislation and regulations and produce good quality effluent. Our focus is on the
reduction of energy inputs and chemical costs as well as training of municipal officials. It is a known fact that
rising energy costs will negatively impact municipalities soon, if this is not already the case. To this end, it is
crucial for municipalities to explore potential energy-saving measures as a mechanism to ultimately minimise
costs. In this regard, SALGA, in collaboration with GIZ and Department of Mineral Resources and Energy, has
developed this guideline that seeks to provide guidance on areas of wastewater treatment that may be optimised
through energy efficiency measures.
The guide supplements the initial guide on anaerobic digestion of municipal wastewater sludge developed in
collaboration with GIZ by Water Group. We are convinced that the two guides provide a wealth of knowledge
and guidance on harvesting energy through biogas and, importantly, ensuring optimisation of energy efficiency
through audits. This guide presents tools, methods and mechanics of conducting energy efficiency audits at
wastewater facilities operated by municipalities. Furthermore, the guide presents the results of two case studies
on energy efficiency at municipal wastewater treatment plants. The guide is published at an opportune time
when the municipalities battle to service Eskom debt and must consider energy efficiency measures as costsaving options.
As SALGA, we pledge our support to the implementation of the guide and, importantly, to ensuring our member
municipalities are at the heart of realising the objectives of the guide. To this end, SALGA will strive to ensure
Councillors and Municipal Officials are capacitated on the intricacies of the guide. It is envisaged that SALGA
and partners will work together in future updates of the guide, particularly as ongoing research and efforts in
exploring technological innovation unfold.
We wish to express our sincere appreciation to GIZ, Water Group and all stakeholders involved in the development
of the guide. Your support is much appreciated, and we gratefully acknowledge your contribution to sustainable
management practices in municipalities in South Africa.
XOLILE GEORGE
CHIEF EXECUTIVE OFFICER
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Executive summary
Introduction
Energy awareness has been growing in all sectors of business, both public and private, mainly as a result
of factors such as increased electricity and fuel costs, interrupted power supply risks, as well as a growing
environmental awareness and the impact of energy inefficiency. This awareness and the need for energy
efficiency (EE) audits will increase as ESKOM continues to request and apply escalation rates far above
the inflation rate.
Wastewater Treatment Works (WWTWs) are one of the largest energy consumers within the municipal
sector. Water supply and WWTWs use approximately 17% of the total energy consumed by South
African municipalities. When only electricity consumption is considered, this value increases to 25%, with
electricity consumption representing up to 30% of the total operating cost of an activated sludge type
WWTW.1 Optimising the energy efficiency of these facilities could therefore result in a significant carbon
footprint reduction, as well as operating cost savings.
Most South African WWTWs are old, using equipment that was installed a number of years and even
decades ago. New technologies and several opportunities are available to improve the energy efficiency
of WWTWs. The opportunity to generate electricity from biogas produced in anaerobic digesters could
further reduce the carbon footprint of WWTWs.

WWTWs use approximately 17%
of the total energy consumed by
South African municipalities
Purpose of an energy efficiency audit
Energy efficiency audits are conducted to quantify the energy efficiency within existing works and to
provide advice and guidance on where and how to optimise the existing systems. An audit report provides
a credible baseline from where improvements can be identified and implemented, impact evaluated, and
performance tracked over time.

Methodology
The EE audit process can be subdivided into three broad phases, namely EE audit preparation, EE audit
execution and post-audit activities2 as per Table 0-1 on the next page. In practice some of the activities
from the different phases may overlap.

1.

South African Cities Network, Modelling Energy Efficiency Potential in Municipal Operations in the Nine Member Cities of
the SACN, 2014, produced by Ndlovu, M, and SEA.

2.

Phelan T, Development of an Auditing Methodology For Irish Wastewater Treatment Plants, M Eng Thesis, School of
Mechanical and Manufacturing Engineering, Dublin City University, 2016.
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Table 0‑1: EE audit activity breakdown3
EE audit preparation

EE audit execution

Post audit activities

Audit criteria

Initial walk-through

Writing audit report

Selection of audit team

Analysing energy use patterns

Preparing action plan

Audit scope

Benchmarking

Implementing action plan

Audit plan

Identifying EE potentials

Checklist preparation

Cost-benefit analysis

Data inventor y and measurement
Collecting energy bills and
available data
Preliminary analysis
The American Society for Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE) classifies
energy efficiency audits into three levels of audits. The same principles can be applied to WWTWs,
namely:4
y

Level 1: walkthrough assessment5

y

Level 2: energy survey and analysis6

y

Level 3: detailed analysis/modelling7

Purpose of guideline
The purpose of this guideline is to provide an overview and methodology description of how to perform
an energy efficiency audit at a WWTW. Specific focus is placed on how to execute an audit with its
associated calculations and compiling an informed and effective audit report. Two case study audits
are also included as examples to the guideline user on how the information in the guideline is applied in
practice, as demonstrated at two municipal WWTWs. The guideline is required to establish a standardised
methodology for conducting energy audits in the WWTW sector, as well as to develop capacity and skills
to perform such an audit.

3.

Phelan T, Development of an Auditing Methodology For Irish Wastewater Treatment Plants, M Eng Thesis,
School of Mechanical and Manufacturing Engineering, Dublin City University, 2016.

4.

American Society for Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE), Energy Use and Management
ASHRAE Handbook, Chapter 36 HVAC Applications, Atlanta, 2011.

5.

Morgan SJ, Energy Audits – Wastewater Treatment Plants proceedings of the Ohio Water Environment Association
Conference, 20 June 2012.

6.

Ibid 5

7.

Ibid 5
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Key considerations
In order for the outcomes of an EE audit to be implemented successfully, organisational commitment
is required before the execution of the EE audit. Although not part of the audit process, the upfront
confirmation of whether organisational commitment is in place will guide the auditor as to what level
of support can be expected. Where a lack of capacity or will is observed, mitigation measures must be
applied early in the process in order to ensure all key people are on board.
It is indispensable to start an EE audit with an inception meeting, whereby the persons and competencies
required are identified, and the rationale for the project is outlined. Such meetings need to have the
outcome of agreeing on clear goals, timelines, responsible persons and the expected output. The inception
meeting serves to clarify the audit objectives and methodology and to attain the buy-in and co-operation
of the audit team members as well as identification of who works with the auditors on what.
The collection of background data and information, such as inlet flows, monthly electricity accounts,
available process information, etc. is a desktop exercise and serves to familiarise the audit team with the
WWTW processes, technology, overall energy demand and operational costs pertaining to energy use.
This information needs to be supplemented, collected and verified during the site work.
Information collation is followed by an on-site assessment during which an inventory of energyconsuming and energy-generating equipment is compiled. Importantly, an (approximate or otherwise)
energy balance needs to be prepared using all available information including but not limited to equipment
inventory and nameplate data, operation hours and conditions, energy billing data, and measurements (if
done). It is through this energy balance that the breakdown of energy consumption (and energy cost) is
done and the main end uses identified. The data is then interpreted, and the largest consumers identified,
as these will be the largest single points to target with improved energy efficiency. For WWTWs, this
would typically be pumps and aeration equipment, depending on the technology used on site. Other
important potential quick fixes would be to replace old lighting and air-conditioning equipment with more
energy efficient equivalents when they fail.
The overall energy efficiency of the facility can then be benchmarked against local and international
benchmarks such as the specific energy consumed (kWh/m3 treated and kWh/kg COD), if available. One
must be very careful not to compare apples and bananas, since such benchmarks are typically not only
averages over time, but also highly dependent on the configuration and equipment present at the WWTW,
on the quality of the water going in and going out of the facility, on flow rates, on the specific treatment
processes used, etc. This can be done on a facility-wide or per equipment basis, depending on flow
information availability. Locally, these parameters also form part of the latest Green Drop assessments,
which list the following energy monitoring aspects:
y energy consumption over the last financial year (kWh/day), unit cost and total cost (R/year);
y electricity demand projections over the next > 3 years (kWh/day) and projected unit and total cost (R/
year); and
y calculated electricity unit cost for current year and +1, +2 and +3 years (kWh/m3 wastewater treated).
Depending on the energy efficiency audit level required and agreed to, field measurements may also be
required over a longer period, typically in level 3 audits. The results from the energy efficiency audit are
documented in an energy efficiency audit report. This report serves as a tool in the justification for the
execution of future energy efficiency.
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Life-cycle cost-benefit and
environmental trade-offs need to be
considered to maximise the economic
viability of EE projects

The implementation plan focuses on how to implement the opportunities identified. Typically, optimisation
opportunities in relation to the larger power consumers are then evaluated per item, e.g. conversion to
high efficiency motors, addition of variable speed drives, etc. Operational adjustments and changes are
equally, if not more, important, both because they are typically low cost and simple to implement, and
because more capital-intensive measures should be evaluated on the basis of an optimised operation in
order to give a fairer assessment (of what is needed, what it will cost and what it will save). The purpose of
this step is like a business case in that it should communicate to potential stakeholders exactly what you
expect to do, what resources are needed, and what outcomes are expected from the project.
The success of a project should be measured as it is being implemented. Measurements should focus
on providing performance metrics and the status of the schedule, as well as impacts on operations and
maintenance, process performance, and staff.
Some larger energy efficient initiatives require relatively high initial capital outlay. The benefit is only evident
when considering the life-cycle cost-benefit. Environmental trade-offs could further strengthen the
business case. Funding and financing agents that oversee projects utilise the Regional Bulk Infrastructure
Grant (RBIG), Municipal Infrastructure Grant (MIG), Energy Efficiency and Demand Side Management
(EEDSM) Grant, Accelerated Community Infrastructure Programme (ACIP) and Development Bank
Southern Africa (DBSA) funding and may benefit from a more direct interest, incentives and practical
means to lead energy efficiency drives by local government. These grants and funding models could
supplement the municipality’s internal budget used for implementing EE projects.

Outcome
The main justification for performing EE audits is to reduce the power consumed at a facility in order to
reduce operating costs in a cost-effective manner, while at the same time reducing the carbon footprint
of the facility. Accordingly, they should not be seen as a once-off exercise, but used as a baseline to
understand, define and quantify energy use for continuous improvement, which will require continuous
monitoring and adjustment as recommendations are implemented (facilitated through the adoption of an
Energy Management system e.g.: ISO 50001:2018).

Case studies
The development of the guideline was supported by using it to conduct energy audits at two sites:
i) Daspoort WWTW and ii) Kingstonvale WWTW. The key results from the case studies were as follows:

Daspoort WWTW
The Daspoort WWTW receives a partial flow from the central Pretoria region that it serves, with the
balance being routed to the Rooiwal WWTW. The feed to the WWTW is predominantly domestic sewage.

iv

Guideline for Energy Efficiency Audits at Wastewater Treatment Works

The plant is designed to treat 58 MLD with a current flow of 36.2 MLD (as Average Dry Weather Flow
(ADWF)). The technology comprises a combination of physical, chemical and microbiological processes
to meet the required effluent quality limits and biosolids specifications as set by the Department of
Water and Sanitation (DWS). The plant incorporates a combination of septage, gravity-fed and pumped
wastewater to the inlet works, mechanical screening, gravitated grit removal, biological trickling filters,
activated sludge processes, chlorination and ultraviolet irradiation. A portion of the treated effluent is
supplied to consumers, such as the municipal zoo for irrigation purposes, with the balance released to
the Apies River. The waste sludge is anaerobically digested and dried in solar drying beds before removal
from site.
The following potential energy saving impacts can be realised should the energy efficiency and renewable
energy proposals, as identified, be implemented:
y 13.27% of the total energy consumption of the plant can be saved by the implementation of opportunities
identified in the level 1 energy efficiency audit. Further opportunities that require a more detailed level
2 audit have been highlighted for further investigation and could substantially increase the projected
savings.
y The abovementioned opportunities represent a power consumption saving of 370 000 kWh/a.
y The cost of the current energy use is R5 443 000 per annum, with savings opportunities to the value of
R725 000.
y Renewable energy opportunities could also potentially substitute 79.4% of the current power
consumption. More detailed studies are, however, recommended to verify that the generation cost
will be lower than the R1,36/kWh and/or whether there are other justifications, e.g. security of supply
y A saving of 380 000 kg CO2 eq can be achieved from the identified energy efficiency measures.

Kingstonvale WWTW
The Kingstonvale WWTW serves a residential population of 50 000 to 60 000 people, with an
approximately 15 000 additional people entering the city from other regions for work. The feed to the
WWTW is predominantly domestic sewage from the Nelspruit region. The plant is designed to treat 27
MLD, with a current flow of 18.4 MLD (as ADWF). The technology comprises a combination of physical,
chemical and microbiological processes to meet the required effluent quality limits and biosolids
specifications as set by the Department of Water and Sanitation. The plant incorporates a combination
of septage, gravity-fed and pumped wastewater to the inlet works, mechanical screening, gravitated
grit removal, biological trickling filters, activated sludge processes and chlorination. A portion of the
treated effluent is used for wash water on site as well as for irrigation purposes, with the balance
released to the Crocodile River. The waste sludge is anaerobically digested and dried via belt presses
and drying beds before removal from site.
The following potential energy-saving impacts can be realised should the energy efficiency and renewable
energy proposals, as identified, be implemented:
y 2.86% of the total energy consumption of the plant can be saved through the implementation of
opportunities identified in the level 1 energy efficiency audit. Further opportunities that require a more
detailed level 2 audit have been highlighted for further investigation and could substantially increase
the projected savings.
y The abovementioned opportunities represent a power consumption saving of 98 500 kWh/a.
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y The cost of the current energy use is R3 156 000 per annum, with savings opportunities to the value
of R104 000.
y Renewable energy opportunities could also potentially substitute 67.7% of the current power
consumption. More detailed studies are, however, recommended to verify that the generation cost
will be lower than the R1,36/kWh and/or whether there are other justifications, e.g. security of supply.
y A saving of 101 500 kg CO2 eq can be achieved from the identified energy efficiency measures.
Based on the execution of the case study using the guideline methodology, it was deemed that the
guideline was sufficiently comprehensive.

Conclusion
The main justification for performing EE audits is to reduce the power consumed at a facility in order to
reduce operating costs, while at the same time reducing the carbon footprint of the facility. Therefore,
such audits must not be seen as once-off exercises, but as a baseline to provide understanding and
definition to be used for continuous improvement, requiring continuous monitoring and adjustment as
recommendations are implemented.
Previous studies have found that EE measures implemented within WWTWs will realise between
10 and 30% energy savings per measure and have typical payback periods of between one and five
years.8 Typically, cost-effective EE measures can bring up to 25% overall EE improvement at WWTWs
in developing countries. EE, coupled with RE exploitation (e.g. co-generation), could potentially deliver a
WWTW that is self-sustainable and no longer reliant on ESKOM for its power supply, depending on the
technology and wastewater characteristics of the plant.
As legislation is adopted to comply with international good practices, it is anticipated that EE audits will
become a legal requirement, rather than just a voluntary optimisation exercise. EE audits may also become
a required input document in Environmental Impact Assessments for any future planned expansions on
WWTWs.
The 2015 National Energy Efficiency Strategy (NEES) commits South Africa to show a 29% reduction in
energy consumption in 2030 based on energy efficiency improvements.9 This total improvement is based
on predicted improvements on a per sector basis. Municipalities reside under the commercial and public
sector. This sector is committed to the following:10
1.

a 37% reduction in energy consumption based on efficiency improvements,

2.

37% improvement from commercial buildings,

3.

50% improvement from public buildings,

4.

20% improvement from municipal services, and

5.

30% improvement from the municipal vehicle fleet.

WWTW buildings need to comply with item 3 above and WWTW processing units with item 4 above.

8.

Feng L et al., A Primer on Energy Efficiency for Municipal Water and Wastewater Utilities. Energy Sector Management
Assistance Program, technical report 001/12, World Bank, Washington DC, 2012.

9.

Department of Energy, Notice 948 of 2016 – Draft Post 2015 National Energy Efficiency Strategy, Pretoria, 23 Dec 2016.

10. Ibid 9
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However, energy efficiency cannot be looked at in isolation. To reduce energy consumption is only one
aspect of energy efficiency. Conversion to renewable energy sources and reducing the consumption of
fossil fuel-based energy is a secondary driver to attaining holistic energy efficiency on a site. In this regard,
WWTWs are ideally positioned, with the production of primary and/or secondary sludges via anaerobic
digestion, to produce biogas. Biogas contains methane, which is mostly vented to the atmosphere,
thereby releasing GHG with a significantly higher environmental impact than carbon dioxide. Biogas can,
however, be captured and used as fuel to generate electricity on site and/or as heat for processes such as
anaerobic digestion or incineration and/or generation of steam for the pasteurisation of sludge to a usable
product (fertiliser). In this way, multiple benefits are achieved: the methane is recovered and not released
into the atmosphere, and at the same time the usage of fossil fuel-based electricity is also reduced.
Although this guideline focuses on WWTW EE audits, the principles could be applied in other industries
and sectors as well, making the experience of an EE auditor applicable and desirable to a wider range of
potential customers.
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AD

anaerobic digester/digestion

ADWF

average dry weather flow

AOP

advanced oxidation processes

AS

activated sludge

ASHRAE

American Society for Heating, Refrigerating and Air-Conditioning Engineers

BEP

best efficiency point

BNR

biological nutrient removal

BOD5

biological oxygen removal attained in 5 days

CAS

conventional activated sludge

CEO

chief executive officer

CFL

compact fluorescent light

CHP

combined heat and power

CIP

cleaning-in-place

COD

chemical oxygen demand

CPD

continuous professional development

CSIR

Council for Scientific and Industrial Research

DAF

dissolved air flotation

DBSA

Development Bank of Southern Africa

DC

direct current

DNA

deoxyribonucleic acid

DO

dissolved oxygen

DoE

Department of Energy

DWS

Department of Water and Sanitation

e

motor efficiency

EDC

endocrine-disrupting chemicals

EE

energy efficiency

EEDSM

Energy Efficiency and Demand Side Management

EEM

energy efficiency measures
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EnMS		

energy management systems

EMCS		

electrical monitoring and control system

ESO		

energy systems optimisation

FCR		

food chain reactor

FLA		

full load amperage

FOG		

fat, oils and grease

g		gram
GAC		

granular activated carbon

GHG		

greenhouse gas

GIZ		

Deutsche Gesellschaft für Internationale Zusammenarbeit

h		hour
hp		

horsepower

HVAC		

heating, ventilation and air conditioning

Hz		

hertz

I		

current measure in amperes

ICE		

internal combustion engine

IE		

international efficiency

IEE		

industrial energy efficiency

IFAS		

integrated fixed film activated sludge

IGBT		

insulated gate bipolar transistor

IRR		

internal rate of return

ISO		

International Organization for Standardization

kg		kilogram
kHz		

kilohertz

kPa		kilopascal
kVA		

kilovolt-ampere

kW		

kilowatt

kWh		

kilowatt-hour

LCC		

life cycle cost

LCCA		

life cycle cost analysis

LED		

light emitting diode

m3		

cubic metre

m		metre
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MBBR		

moving bed biofilm reactor

MBR		

membrane bioreactor

MCC		

motor control centre

MGT		

micro gas turbines

MHz		

megahertz

MIG		

Municipal Infrastructure Grant

Mℓ		

megalitre

MℓD		

megalitre per day

MLE		

Modified Ludzack-Ettinger

MLSS		

mixed liquor suspended solids

mm		millimetre
MV		

medium voltage

MVA		

megavolt-ampere

MW		

megawatt

MWe		

megawatt electric

NCPC-SA		

National Cleaner Production Centre South Africa

NEES		

National Energy Efficiency Strategy

NPV		

net present value

NQF		

National Qualifications Framework

NTU		

nephelometric turbidity unit

NWSMP		

National Water and Sanitation Master Plan

NYSERDA		

New York State Energy Research and Development Authority

OHSA		

Occupational Health and Safety Act

OT		

oxygen transfer

OTE		

oxygen transfer efficiency

P		

active power measured in kW

PE		

people equivalent

PFC		

power factor correction

PFD		

process flow diagram

PST		

primary sedimentation tank

PV		photovoltaic
QCTO		

Quality Council for Trades Occupations

R		

rand
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r.m.s.

root-mean-squared

RAS

return activated sludge

RBIG

Regional Bulk Infrastructure Grant

RDP

Reconstruction and Development Programme

RE

renewable energy

REC

renewable energy credits

RECP

resource efficient and cleaner production

RNA

ribonucleic acid

RO

reverse osmosis

rpm

revolutions per minute

S

apparent power measured in kVA

SALGA

South African Local Government Association

SANEDI

SA National Energy Development Institute

SANS

South African National Standards

SAQA

South African Qualification Authority

SCADA

Supervisory Control and Data Acquisition

SDG

sustainable development goals

SEC

specific energy consumption

SOP

standard operating procedure

SPC

specific power consumption

SPP

simple payback period

SS

suspended solids

SST

secondary sedimentation tank

t

tonne

VFD

variable frequency drive

TSS

total suspended solids

TWh

terawatt-hour

UF

ultrafiltration

UNIDO

United Nations Industrial Development Organization

UV

ultraviolet

V

voltage measured in volts

VSD

variable speed drive

xvi

Guideline for Energy Efficiency Audits at Wastewater Treatment Works

W2RAP

Wastewater Risk Abatement Plan

WAS

waste activated sludge

WISA

Water Institute of Southern Africa

WRC

Water Research Commission

WTW

water treatment works

WWTW

wastewater treatment works

WWTP

wastewater treatment plant

Glossary of terms
1.

Active power: The active or working power P (kW) is the real power transmitted to loads such as
motors, lamps, heaters, and computers. The electrical active power is transformed into mechanical
power, heat or light.

2.

Apparent power: In a circuit where the applied root-mean-squared (r.m.s.) voltage is Vrms and the
circulating r.m.s. current is Irms, the apparent power S (kVA) is the product: Vrms x Irms.

3.

Audit: the inspection or examination of a building or other facility to evaluate or improve its
appropriateness, safety, efficiency, or the like. For example, an energy audit can suggest ways to
reduce electricity bills.

4.

Cell lysis: the breaking down of the cell and particularly the cell wall in order to release the contents
to the surrounding medium.

5.

Chlorination: the process of adding chlorine or chlorine-based compounds such as sodium
hypochlorite to water to prevent the spread of waterborne diseases.

6. Dechlorination: the process of removing free chlorine from water (e.g. disinfected wastewater) before
discharging the water into the environment.
7.

Energy efficiency: the goal to reduce the amount of energy required to provide products and services.

8. Full load current: A full load current is the largest current that a motor or other device is designed to
carry under certain conditions. The starters shall be suitably rated to continuously carry the full load
current of the motor and accept the starting current surges without tripping.
9.

Motor efficiency: Electric motor efficiency is the ratio between power output (mechanical) and power
input (electrical). Mechanical power output is calculated based on the torque and speed required (i.e.
power required to move the object attached to the motor), and electrical power input is calculated
based on voltage and current supplied to the motor. Mechanical power output is always lower than
the electrical power input, as energy is lost during conversion (electrical to mechanical) in various
forms, such as heat and friction. The design of an electric motor aims to minimise these losses in
order to improve efficiency.

10. MWe: the electric output of a power plant in megawatt. The electric output of a power plant is equal
to the thermal overall power multiplied by the efficiency of the plant.
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11. Ozonation: a chemical water treatment technique based on the infusion of ozone, which is one of the
most powerful oxidants that can be used for disinfection, into water.
12. Power factor: The power factor is an indicator of the quality of design and management of an electrical
installation. It relies on two parameters: active and apparent power (refer to separate definitions). The
power factor is the ratio of the active power P (kW) to the apparent power S (kVA). The value of the
power factor will range from 0 to 1. A high power factor signals efficient utilisation of electrical power,
while a low power factor indicates poor utilisation of electrical power.
13. Reactive power: the resultant power in watts of an AC circuit when the current waveform is out of
phase with the waveform of the voltage, usually by 90 degrees if the load is purely reactive and is the
result of either capacitive or inductive loads. Only when current is in phase with voltage is there actual
work done, such as in resistive loads. Capacitors are considered to generate reactive power, whereas
inductors consume it. So, when both are placed in parallel connection, the current flowing through
them cancels out. Adding both capacitors and inductors in a circuit helps to partially compensate for
the reactive power consumed by the load.
14. Sludge stabilisation: This reduces the problems associated with sludge odour and putrescence and
the presence of pathogenic organisms.
15. Specific power consumption: the power consumed to perform a required task to a specific unit of
material treated. In the case of wastewater treatment, it will typically be in units of kWh/m3 treated or
kWh/kg COD removed, or similar. By calculating specific power consumption, different facilities with
different configurations and feed and product specifications can be compared to each other in terms
of efficiencies.
16. Wastewater treatment works: a facility developed to treat a combination of domestic and/or
industrial effluent to a quality suitable to the environment. In South Africa it is often referred to as a
sewage works.
17. Wastewater risk abatement plan: a plan that describes the infrastructure, processes, systems and
requirements and outlines the various risks associated with the treatment facility, as well as rating
and prioritising of the risks, mitigation measures with timeframes, responsible persons and budgets
for implementation.

xviii
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1. Introduction
Energy awareness has been growing in all sectors of business, both public and private, mainly as a result
of factors such as increased electricity and fuel costs, risk in uninterrupted power supply, as well as
growing environmental sustainability awareness of the impact of energy inefficiency. This awareness and
the need for energy efficiency audits will increase as ESKOM continues to request and apply escalation
rates far above the inflation rate.

Electricity consumption represents
up to 30% of the total operating cost
of an activated sludge type WWTW

Wastewater treatment works (WWTWs) are one of the largest energy consumers within the municipal
sector. Water supply and WWTWs use make up approximately 17% of the total energy consumed by
South African municipalities. When only electricity consumption is considered, this value increases to
25%, with electricity consumption representing up to 30% of the total operating cost of an activated
sludge type WWTW.11 Optimising the energy efficiency of these facilities could therefore potentially result
in significant carbon footprint reduction, as well as operating cost savings.
Most South African WWTWs are fairly old, using equipment that was bought a number of years and even
decades ago. Recently, there has been extensive worldwide focus on improving the energy efficiency of
electrical motors, etc. Destructive technologies and a number of opportunities are available to improve
the energy efficiency of WWTWs. Energy efficiency audits are conducted to compare and quantify the
energy efficiency within existing works and to provide advice and guidance on where and how to optimise
the existing systems. The opportunity to generate electricity and heat from biogas generated in anaerobic
digesters could further offset the carbon footprint of WWTWs and reduce cost via on-site supply of
energy through co-generation (CHP).

1.1 Objectives of the guideline

1
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The purpose of the guideline is to provide an overview and methodology description of how to perform
an energy efficiency audit at a wastewater treatment works. Specific focus is placed on how to execute
an audit with its associated calculations and on compiling an effective audit report. Two high-level case
study audits are also included to serve as an example to the user on how the information in the guideline
is implemented in practice.

11. South African Cities Network, 2015, note 1.
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The aims and deliverables of this document are as follows:
1.

to provide an overview of WWTW energy efficiency audits,

2. to provide a high-level overview of different wastewater treatment processes and their
energy impact,
3. to provide a methodology to be followed in executing a WWTW energy efficiency audit,
4. to discuss the performance indicators considered in a WWTW energy efficiency audit,
5. to provide guidelines on how to compile a WWTW energy efficiency audit report,
6. to provide guidelines for targets for energy efficiency in WWTWs,
7.

to provide case studies of WWTW energy efficiency audits, and

8. to indicate how this guideline integrates with the National Qualifications Standards.
Each of the sections listed above will provide the user of the guideline with certain skills
as follows:
1.

an understanding of the purpose and focus areas of a WWTW energy efficiency audit
and the role-players involved, securing institutional support and commitment within the
municipality, developing an energy efficiency policy,

2. an understanding of the typical treatment processes used in a WWTW – the intention is not
to provide an exhaustive list of technologies but to provide typical technologies of which
adaptations may be found in practice,
3. an understanding of how to approach a WWTW energy efficiency audit and where to find the
required information,
4. an understanding of how the information obtained is processed and what calculations are
performed to define energy efficiency, how to go about implementation of the proposals and
to obtain funding,
5. an understanding of what information needs to be reflected in the audit report and which
aspects to focus on, also that the audit report is the first step in developing a business case
for project implementation and funding application,

7.

to support the above learning areas by providing practical examples of two WWTW energy
efficiency audits,

8. an understanding of what the study material can be used for and how to improve on skills
obtained by further study.

3
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6. an understanding of what can reasonably be expected to be targets for energy efficiency
for various types of facilities, how to convert these savings to greenhouse gas equivalents
in order to justify green funding sources as well as traditional municipal grant sources.
Implementation of projects identified is the heart of the main objective of an energy
efficiency audit in order to realise the savings identified,

Guideline for Energy Efficiency Audits at Wastewater Treatment Works

The main purpose of the different modules and how they fit into the overall audit process is shown
schematically below.

PROBLEM STATEMENT
Wastewater treatment works are one of the largest
energy consumers within the municipal sector.
Water & WWTWs use ±17% of the total energy
consumed by SA municipalities. If only electricity
is considered, this increases to 25%, with electricity
consumption being up to 30% of the total operating
cost of an activated sludge type WWTW
MODULE: 1 & 2

SOLUTION
Perform an energy efficiency audit:
• History of EE audits
•

MODULE: 2 & 3

HOW TO PERFORM AN AUDIT
•

Commitment

•

Information gathering: how & what

•

Typical calculations

•

Performance indicators

Familiarisation with different
technologies encountered

OUTPUT

MODULE: 4 & 5

Audit report with site information, findings,
recommendations, opportunities requiring
more detailed analysis
MODULE: 6

•

1

IMPLEMENTATION

INTRODUCTION

•

Typical targets to consider

•

ISO 50001 accreditation

MODULE: 4.11-4.13 & 7

OUTCOME
•

Opportunities to consider

•

Performance indicators

MODULE: 5 & 7
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1.2 Guideline development methodology summary
The methodology followed in the development of this guideline was as follows:

1.
Information
gathering

A desk-top study of supporting information available on the internet was
conducted.

2.
Information
interpretation

Based on experience as well as the information gathered, the different
guideline sections were developed.

3.
Case studies

Energy Efficiency Audits were conducted at reference facilities in order to
serve as examples of audits.

4.
Cold
assessment

The guideline was used by an independent entity not directly involved in the
compilation of the guideline, which performed an in-house EE audit, using the
method, checklists and tools provided in the guideline.

The main target groups of the guideline
are the Plant Manager, Sustainable Energy
Manager and Senior Process Controller, but
is applicable to various other users too.

The guideline addresses the key knowledge areas associated with the planning, information gathering,
data interpretation, and preparation for an energy efficiency audit as well as the actual on-site audit
process, site information interpretation and audit report development, thereby targeting a range of energy
and wastewater practitioners involved in this particular production chain. The main focus is for the
plant manager, sustainable energy manager and process controller who have the primary responsibility

5
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1.3 Who should use the guideline?

1
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to maintain sustainable performance of the WWTW and hence to optimise energy efficiency. Other
stakeholders who will benefit from the guideline include:
y municipal technical officials and management who have the responsibility to promote and establish
an enabling environment for the Process Controller to meet the objective of sustainable energy
generation;
y educators who are responsible for knowledge transfer and building capacity in this field;
y regulators who monitor Green Drop compliance;
y decision makers who are responsible for implementing the strategies to promote energy efficiency as
well as sustainable and renewable energy initiatives;
y National Treasury and finance institutions who provide financial support to the municipality for the
improvement of energy efficiency and reduction of greenhouse gas emissions; and
y research, technology and information institutions that are involved in the creation and dissemination
of existing and new knowledge.
The guideline is aimed at the following user groups:
y municipalities, water boards, public private partnership entities, public sector and private owners who
manage wastewater treatment;
y build, own, operate partners;
y plant operating and maintenance staff;
y municipal electrical departments;
y auditors performing energy efficiency audits;
y electrical technicians and sustainability managers (they are secondary targets but are an important
part of cross-functional/multi-disciplinary teams when conducting an audit); and
y consultants.

1
INTRODUCTION
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2. Energy efficiency audit overview
PURPOSE AND USERS OF ENERGY AUDIT GUIDELINE

Drivers and need for an energy audit

Module 2

Wastewater treatment and
consumption

Module 3

Conducting and energy audit

Module 4

Quantifying baseline performance
and identifying EE opportunities

Module 5

Compiling an energy audit report

Module 6

CASE STUDY 1

FIELD TESTING OF GUIDELINE
CASE STUDY 2

Implementing the plan and achieving
targets

2
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Module 7

An understanding of the purpose for performing energy efficiency audits is
essential in order to understand the drive behind conducting audits, before the
actual auditing process is explained.
After studying this module, the learner will have an understanding of:
1.

the purpose of an energy efficiency audit,

2.

who the stakeholders are,

3.

who the user groups for this guideline are,

4.

the framework of policies and regulations within which the audit is conducted, and

5.

what the focus areas of an energy efficiency audit are.

10
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The user should also begin to appreciate the extent to which different processing equipment contributes
to the overall power consumption of the WWTW.
Energy efficiency (EE) audits have been conducted for many decades, especially in the industrial sector.
Due to increased electricity costs and concerns regarding global warming, as a result of the use of
fossil fuels for power generation, the focus on conducting audits to reduce power consumption has
increased in recent years. Tax incentives for reduced power consumption in the United States and
Europe have also increased focus on audits in those countries. The regulatory framework in Europe has
also led to energy auditing of companies above a certain size threshold being a mandatory requirement
to be done on a regular basis, or, alternatively, for companies to be certified under the IS050001:2018
Energy Management standard.
Anecdotal evidence from municipalities indicates that South African green energy grant funding has
not yet been applied to wastewater treatment to include energy audits or project implementation. Some
waste to energy projects at WWTWs are being conceptualised with funding from the EEDSM grant.
These grants are predominantly available for municipalities, with limited access to entities involved in
outsourcing opportunities. A number of constraints are therefore still limiting increased focus on energy
efficiency. An energy audit is particularly functional and useful in responding to the uptake of energy
efficiency measures.
This guideline will provide the background and tools needed for engineers, plant managers and process
controllers to complete an EE audit, calculate an energy benchmark, and set goals for future energy
reduction and possible energy recovery and generation.

Tax incentives such as carbon credits
encourage reduced power consumption
and use of EE audit outcomes.

2.1 Purpose

An EE auditor could also use this process to identify opportunities for energy generation, where a plant is
equipped with anaerobic digestion, although this is not the primary purpose of the EE audit.

12. Energy Audit Institute, Energy Audits, accessed 24 July 2018 from:
http://energyauditinstitute.com/energy-audits.html
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The purpose of an EE audit is to analyse the energy flows of buildings and process units at a wastewater
treatment plant and to understand their energy dynamics. During the EE audit, the auditor looks for
opportunities to reduce the amount of energy input into the building or treatment plant without negatively
affecting the output(s). Beyond simply identifying the sources or points of energy use, an EE audit seeks
to prioritise the energy uses according to the greatest to 2 energy savings.12
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2.2 Stakeholders
The following entities are typical stakeholders in attempts to achieve direct or indirect benefits from EE audits:
y Department of Energy (DoE),
y ESKOM,
y Department of Water and Sanitation (DWS),
y South African Local Government Association (SALGA),
y SA National Energy Development Institute (SANEDI),
y regulators and policy makers,
y municipalities,
y residents,
y energy efficiency auditors,
y equipment suppliers,
y design consultants,
y funding agencies,
y plant managers and owners, and
y operating and maintenance staff.

2.3 Focus areas
The key focus areas of an EE audit are to:
y identify energy consumers in the facility (where, when, why and how energy is used);
y review current and historical energy consumption data;
y perform on-site inspections to confirm above data;
y ensure the accuracy of the data collected;
y benchmark the power consumption against industry norms;
y best practices;

2
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y identify opportunities to improve efficiency of the abovementioned equipment;
y provide energy efficiency recommendations;
y quantify the energy savings that can be realised; and
y assess whether the proposed improvements present a good business case.

12
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2.4 Why WWTW energy efficiency audits?
Any serious pursuit of energy management requires a credible baseline or starting point, i.e. an energy
audit. The scope and depth of the energy audit must match the purpose of the audit.
y Simple energy audits or intermediate energy audits are necessary for gaining a basic understanding
of a WWTW’s energy use and are fairly inexpensive. They generally involve a walk-through of facilities
(handheld measuring devices may be used), and a desk-top analysis of available energy use and
costs data is performed. Should measurements be done, these may only be performed by qualified
electricians, authorised to work inside live panels and in compliance with OHSA requirements. These
audits help identify major issues and focal areas and indicate potential solutions and costs, catalysing
an EE programme.13
y Detailed energy audits or investment-grade energy audits involve in-depth evaluation of individual
pieces of equipment and processes to determine individual end-use and facility-wide energy
performance with actual tests and measurements, as well as detailed analysis of historical energy use
and billing data. This provides robustly quantified energy and cost savings, capital requirements, and
return on investments for all identified improvements. Depending on the size and type of a WWTW, a
detailed energy audit can take up to a week or more to complete and can be costly.14

Investment-grade audits are not
advisable if the investment is not
already under serious consideration
with assurance of potential financing.
In general, investment-grade energy
audits should be administered by the
party bearing the performance risk.15

13. South African Cities Network, 2015, note 1.
14. Ibid 13
15. Ibid 13
16. Ibid 13
17. Ibid 13
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Thus, the focus in the guideline will lean towards simple to intermediate energy audits, since these will
be executed far more regularly than investment-grade audits. EE audits present specific benefits when
executed in WWTWs due to the high power requirements of these types of facilities, which constitute a
significant proportion of power consumed by municipalities. Water supply and WWTWs use in the order
of 17% of the total energy consumed by South African municipalities, including electricity, fuel, etc. 16 When
only electricity consumption is considered, this value increases to approximately 25%.17
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Figure 2 1: Baseline municipal energy consumption
Baseline energy consumption (GJ/a)
Traffic lighting 1%

35% Vehicle Fleet (petrol & diesel)

Street lighting 16%

Water supply & 17%
wastewater treatment

31% Buildings & Facilities

Furthermore, electricity consumption typically represents approximately 30% of the total operating cost
of an activated sludge-based WWTW. Indicative usage of electricity by various sections of a WWTW is
summarised in Table 2-1 and Figure 2-2.
Table 2‑1: Indicative energy use of an activated sludge municipal wastewater treatment plant18
Category

Processes

Fraction

Remarks

Wastewater collection

Pumping

10%

Dependent on the share of
gravity-induced collection

Treatment

Aeration

55%

Mostly for aeration of
wastewater

35%

Energy can however be
produced in sludge processing

Other treatment processes
Building services
Sludge treatment and
disposal

Centrifugal and press
dewatering
Sludge pumping, storing and
residue burial
Building service

2
1

From this data, it can be observed that electricity consumption is a significant contributor to operating
costs for WWTWs, and improved EE can significantly contribute to reduced operating costs. Improved EE
would also result in reduced pressure for expansion of electrical infrastructure, could enable expansion of
existing works within existing equipment and would reduce greenhouse gas (GHG) emissions associated
with power generation.
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Previous studies have found that EE measures implemented within WWTWs will realise between 10 and
30% energy savings per measure and typically have simple payback periods of between one and five
years.19 Typically, cost-effective EE measures can bring up to 25% overall EE improvement at WWTWs in
developing countries. Based on savings of between 5 and 25%, global energy savings of between 34 and
168 TWh per year can be realised. The upper range is approximately the annual power generation of 23
large (1 000 MW each) thermal power plants.20
18. Feng L et al., 2012, note 8.
19. Ibid 18

14

20. Ibid 18
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Figure 2 2: Electricity requirements for typical activated sludge facilities

11%

1%

Gravity thickening

Anaerobic digestion

1%

Return sludge pumping

3%

Bolt press

1%

Chlorination

6%

Lighting and buildings

60%

12%

Aeration

Wastewater pumping

1%

Screens

1%
Grit

Clarifiers

3%

As at April 2017, 14,1 million people
in SA were still using sanitation
facilities below the RDP standard

21. Trading Economics, South Africa - Urban population growth (annual %), accessed 8 August 2018 from:
https://tradingeconomics.com/south-africa/urban-population-growth-annual-percent-wb-data.html
22. Department of Water and Sanitation, National Water and Sanitation Master Plan: Volume 1: Call to Action, Version 10.1,
Pretoria, 31 Oct 2018.
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As a result of rapid urbanisation, as well as attempts to reduce the historical backlog in providing municipal
services to all citizens of the country (refer to Figure 2-3), the need for significant and rapid expansion
of WWTW infrastructure exists. Urban population growth (annual %) in South Africa was reported at
2.37% in 2016, according to the World Bank collection of development indicators, compiled from officially
recognised sources.21 According to the National Water and Sanitation Master Plan (NWSMP), as at April
2017, 14.1 million people were still using sanitation facilities below the Reconstruction and Development
Programme (RDP) standard.22 Only 10.3 million households (64%) have access to reliable water supply.23
Approximately 56% of the over 1 150 municipal WWTWs and approximately 44% of the 962 water
treatment works (WTWs) in the country are in poor or critical condition and in need of urgent rehabilitation
and skilled operators. Some 11% of this infrastructure is completely dysfunctional.24

23. Ibid 22
24. Ibid 22
15
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50%

49,1%

60%

55,1%

Figure 2 3: Percentage South African population with flush toilets, Census 2001 and 2007

Flush toilet Flush
(sewerage toilet
(septic
system)
tank)

Dry
toilet
facility

4,1%

2,2%

1,9%

0,4%

6,5%

5,7%

4,1%
0%

0%

2,8%

10%

2,8%

20%

8,2%

13,6%

22,8%

30%

20,6%

40%

Pit latrine Pit latrine Chemical Bucket
toilet
without
with
toilet
system
ventilation ventilation
(VIP)

None

Census 2001
CS 2007

This call to action of the NWSMP is a concise summation of the top priority issues confronting the
water and sanitation sector currently. It seeks to rally all water sector stakeholders in South Africa to
work together to ensure that the country gets ahead of the curve with regard to both current and future
challenges. This includes ensuring that by 2030 South Africa has a sufficient reserve of supply to take it
safely into the future, that accelerated progress towards meeting constitutional imperatives is made and
that service delivery commitments, such as meeting Sustainable Development Goal 6: Ensure Access to
Water and Sanitation for All, are achieved.25
The need to supply sanitation and treatment infrastructure for a growing population will result in
significantly increased power consumption by this sector. The use of EE audits to improve the power
footprint of existing facilities and EE design for new facilities is crucial to limit the impact of escalating
operating costs.

2
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The high rate of power tariff increases (refer to Figure 2-4) experienced in South Africa is an additional
reason to execute EE audits and implement optimisation actions identified during such audits.
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The execution of EE audits is supported by the National Energy Efficiency Strategy 2015 that commits
South Africa to show a 29% reduction in energy consumption by 2030 based on energy efficiency
improvements.26 This total improvement is based on predicted improvements on a per sector basis.
Municipalities reside under the commercial and public sector. This sector is committed to the following:27

25. Department of Water and Sanitation, National Water and Sanitation Master Plan: Volume 1: Call to Action, Version 10.1,
Pretoria, 31 Oct 2018.
26. Ibid 25
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27. Ibid 25
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Figure 2 4: ESKOM tariff increases vs. Inflation
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Before being able to perform an EE audit, the user needs to understand the typical
WWTW processing technologies and what aspects of these technologies have
an impact on their energy requirements. Furthermore, typical benchmark energy
consumptions of the different technologies provide the user with a basic tool to
measure performance against. It is, however, important not to blindly follow the
benchmarks but to also understand how factors such as organic loading can
impact the benchmark values.
After studying this module, the learner will have an understanding of:
1.

typical treatment technologies used in WWTWs, and

2.

the energy footprint of different technologies.
20
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The purpose of this section of the guideline is to provide a high-level overview of typical treatment
technologies utilised in wastewater treatment. The intention is not for it to serve as an exhaustive
summary of treatment technologies and configurations available. For more detailed information
on technologies that are available, the Water Research Commission’s Wastewater Treatment
Technologies – A Basic Guide (WRC Report TT651/15) is a good interactive reference document
(www.wrc.org.za/wp-content/uploads/mdocs/TT%20651%20%2015.pdf).

The power requirement for wastewater treatment is dependent on the level of technological advancement
used, the strength and character of the incoming wastewater and the specifications to which the treated
effluent and biosolids must comply.
More elementary treatment technologies require less energy, e.g. septic tanks have minimal power
requirements, whereas trickling filters, using natural draft aeration, require a marginally higher power
input, and activated sludge, which is dependent on mechanical aeration, has a significantly higher power
requirement. The estimated energy intensity values for typical large wastewater treatment facilities
(approx. 380 MLD and larger) in the United States are:
y 0.177 kWh/m3 treated for trickling filters;
y 0.272 kWh/m3 for activated sludge oxidation (COD removal);
y 0.314 kWh/m3 for Modified Ludzack-Ettinger (MLE) activated sludge; and
y 0.412 kWh/m3 for activated sludge with biological nutrient removal (BNR).28
For smaller facilities these values can be significantly higher.
Typical specific energy consumption values for the South African water supply chain are listed in Table 3-1.
Table 3‑1: Energy consumption range for South African water supply chain29
Process

Min. (kWh/Mℓ)

Max. (kWh/Mℓ)

Abstraction

0

100

Distribution

0

350

Water Treatment

150

650

Reticulation

0

350

Wastewater Treatment

200

1 800

28. Feng L et al., 2012, note 8.
29. Swartz, C et al in Diederichs Mander, N, Van Niekerk, M, SALGA Guideline Energy Series: Energy Efficiency and Renewable
Energy in Municipal Water and Wastewater Treatment, Pretoria, Feb 2014.
30. Bodik, I and Kubaska, M, Energy and Sustainability of Operation of a Wastewater Treatment Plant, Environment Protection
Engineering, Vol. 39, no 2, 2013, pp. 15 – 24.
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The specific power requirement (kWh/m3) also tends to decrease with increased influent flow. Thus,
economy of scale does play a role in the energy intensity that can be achieved. This trend is reflected in
the results obtained from the evaluation of 51 WWTWs in the Slovak Republic30 (refer to Figure 3-1).

3
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Figure 3 1: Energy efficiency vs. WWTW influent flow
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Variations can be attributed to pollutant loading, as well as different technologies and equipment used at
the 51 WWTWs, which are of varying size.
Experience during the drought periods in Cape Town has also highlighted that it is essential to distinguish
between design inflow and actual inflow, as these two reference points can differ, providing a false
representation. For example, a large WWTP (200 MLD) receiving only 75 MLD during drought conditions
but receiving the same loading (kg COD/day) as during pre-drought will have a very high kWh/m3 inflow,
although the kWh/m3 design inflow will be a true reflection. Consider also then this same plant with a
large infiltration component (storm water ingress, dilute and low loading) that will correspond to a low
kWh/m3 inflow.
Figure 3-2: Influent BOD5 vs. specific power requirement
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Figure 3 3: Reticulation cost vs. WWTW cost for large WWTWs
(Image copyright Organica Water; used with permission)
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Similarly, the study found that increased BOD5 levels in the influent results in an increased specific power
requirement.31 This is to be expected, since more aeration or alternative processing capacity is required
to metabolise the additional organic loading. Similarly, a stricter release specification requiring a more
complete breakdown of BOD5 will also require a higher specific energy input. In South Africa, COD is
typically used in specification and not BOD5, but a similar trend would be expected. A typical ratio to
assume is COD:BOD = 2; i.e. 1 mg/ℓ BOD equates to approximately 2 mg/ℓ COD in the feed water.
For any benefit achieved in nature there is a trade-off. In the case of wastewater treatment technology
selection, lower energy treatment technologies typically require significantly larger plot areas to treat the
same feed and hence are dependent on land value and availability. Thus, it may be necessary to transfer
large volumes of sewage over long distances to remote areas where land value is lower, which in turn
results in increased power requirements for pumping systems.
Optimising the power requirement vs. land value requires more detailed life cycle cost modelling, weighing
up the benefits and drawbacks of the potential solutions used. This is to be considered by design engineers
when the commissioning of new treatment works is planned. For existing facilities, however, EE needs to
consider what is already there and how to improve the EE of these technologies.

3.1 Reticulation system

31. Bodik, I and Kubaska, M, Energy and Sustainability of Operation of a Wastewater Treatment Plant, Environment Protection
Engineering, Vol. 39, no 2, 2013, pp. 15 – 24.
23
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For a waterborne sewerage system, the sewage produced at various point sources (households,
businesses, industries, etc.) needs to be collected and transferred to the treatment facility within the
particular drainage area. The size of the sewerage network is dependent on the size of the town, but in
the case of large cities with multiple WWTWs, it becomes a capital cost balance based on economy of
scale. For a larger WWTW, the capital cost of the treatment facility per unit treated (R/MLD) decreases as
larger quantities of sewage are treated. However, to transfer sewage to larger plants, sewage from discrete
sources over a larger area needs to be collected and transferred to the WWTW. Thus, a fine balance
between the cost of the WWTW and the reticulation system needs to be struck. For large treatment
facilities, the capital cost of the reticulation system can be as high as 90% of the total infrastructure cost
of the facility.
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Figure 3‑4: Typical lifting station

Where viable, gravity flow is used to reduce the power requirement. It is typically found that a local gravityflow reticulation sub-system feeds to a central collection point i.e. a lifting station. From the lifting station,
the sewage is pumped to the WWTW.
The lifting station typically contains submerged pumps. In order to reduce power consumption, these pumps
are typically activated by float valves to switch on at high liquid levels and off at low levels. As per Table 3-1,
the typical specific power consumption for the reticulation system can vary between 0 and 350 kWh/Mℓ.
Pumping of influent wastewater requires 0.054 kWh/m3 on average, but this value is dependent on the
hydraulic head. The highest consumption of 0,076 kWh/m3, as measured in one study, was found in the
presence of the highest hydraulic head (11 m).32 As part of this project, a case study with large elevation
difference was found to require 0.184 kWh/m3.

3.2 Primary treatment
Depending on the nature of the reticulation system, various undesirable objects and chemicals can
enter the wastewater stream. Prior to treating the wastewater, it is essential to remove these undesirable
components such as rocks, plastic bags, cans, sand, etc.

3.2.1 Inlet works

3

The incoming wastewater may either enter at an elevation suitable for feeding directly to the screening
section, or it may be routed to a local sump from where it needs to be lifted to the screening section.
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Lifting can be done either by conventional submerged pumps, as in the lifting station, by means of an
Archimedes screw pump or by a dry well lift station. Power consumption of an Archimedes screw pump
is a function of factors such as top:bottom diameter, impeller clearance and impeller position. Typical
specific power consumption for an Archimedes screw pump can vary between 0.016 and 0.034 kWh/m3,
depending in the factors listed.33
32. Foladori P, Vaccari M, Vitali F, Energy Audit In Small Wastewater Treatment Plants: Methodology, Energy Consumption
Indicators, And Lessons Learned, Water Sci Technol. 2015, 72(6): 1007-15. doi: 10.2166/ wst.2015.306
33. Wasif, E., Lotfy, A and S.E. Bade, Development of a Mechanical Archimedean Screw,
accessed 8 August 2018 from: http://www.irrigation.org/IA/FileUploads/IA/Resources/TechnicalPapers/2006/
DevelopmentOfAMechanicalArchimedeanScrew.pdf
24
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Figure 3-5: Typical Archimedes screw pump

3.2.2 Primary screening
The purpose of primary screening is to remove the larger undesirable objects that have entered the
WWTW with the wastewater in order to protect downstream processes and sludge handling equipment.
It typically consists of a coarse screen with large apertures (up to 25 mm) between the screen bars,
followed by fine screens with 3 to 6 mm apertures between the screen bars.
Screens can be either manually or mechanically cleaned. For manually cleaned screens, a rake is
periodically used by the process controller.
Mechanically cleaned screens will require power to operate the rake and hence will have a higher power
requirement than manually cleaned screens. Screens or sieves have low specific energy consumption
values, with manual screens having no power requirement, and mechanical screens having an average
value of 0,010 kWh/m3 reported.34
Figure 3-6: Manual coarse screen and mechanical fine screen

3
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34. Foladori, Vaccari and Vitali, 2015, note 32.
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3.2.3 Grit removal
The next treatment step is to remove heavier inorganic material or grit, i.e. sand-like particles, from
the feed. These particles result in erosion and excessive wear and tear in downstream processes if
not removed properly. The separation of the grit from the water is done by gravity, utilising the density
difference between the grit and the water to cause the grit to settle.
Elementary grit removal channels rely on gravity alone for solids to settle and hence have no power
requirement. Alternatively, the separation process can be enhanced by utilising centrifugal forces e.g. in a
vortex-type grit separator. Typical SPC for a Pista type grit separator is ±0.005 kWh/m3 and for an aerated
grit separator is ±0.008 kWh/m3.
Figure 3‑7: Grit channel and vortex grit remover

3.2.4 Oil and grease removal
Fat, oil and grease (FOG) removal operations require separating products that have a density that is
slightly lower than that of water, from the water. This step is carried out using natural or assisted flotation
in a liquid container that has sufficient capacity to provide the retention time for FOG globules to float to
the surface of the water.
FOG removal becomes essential when there is no primary sedimentation. This function can be combined
with grit removal to great advantage providing that the dimensions of the structure have been calculated
accordingly and that means are provided for separating out the organic matter that settles with the grit.35

3

Oil removal is a flotation process and
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does not use electricity, but reduces
load on biological processes and thus
power consumed

35. SUEZ, Degremont Water Handbook, accessed 8 August to 7 September 2018 from: https://www.suezwaterhandbook.com/
processes-and-technologies/
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Figure 3‑8: Circular grit-grease remover
(Photo copyright SUEZ; used with permission)

Flotation-only-based processes have no power requirement, but where a scraper mechanism is used, the
SPC is typically ±0.01 kWh/m3.

3.2.5 Primary sedimentation
The purpose of primary sedimentation is to remove a fraction of the organic components present in the
sewage prior to further treatment in secondary treatment processes. Approximately 60% of suspended
solids and 35% of BOD removal efficiency can be achieved at this stage.36
Primary sedimentation tanks (PSTs) are typically designed as large round tanks with a low upflow velocity,
thus allowing heavier organic solids to settle out to the bottom of the tank by gravity. The settled solids are
pumped to the sludge processing facility. The overflow or supernatant of the PST typically flows over a
weir into a channel from where it is routed to the secondary treatment process. Gravity-only-based PSTs
have no power requirement, but where a scraper mechanism is used, the SPC is typically ±0.01 kWh/m3.
Figure 3‑9: Primary sedimentation tank
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36. Partech, Primary Settlement Tank (PST), accessed 8 August 2018 from: https://www.partech.co.uk/application/primarysettlement-tanks/
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3.5 Secondary treatment
Various technologies are available for the secondary treatment of wastewater, but the most commonly
used is activated sludge processing.

3.5.1 Trickling filters
Figure 3‑10: Trickling filter

A trickling filter typically consists of a large circular tank, manufactured from concrete, which is filled with
a packing material that provides a surface area onto which the bacteria that purify the water can attach.
Traditionally, stones were used as packing material, but more modern trickling filters utilise specifically
manufactured plastic packing material.
The wastewater from the inlet works is then sprayed over the surface of the packing material by means
of an irrigation system.
Figure 3‑11: Trickling filter irrigation arms
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The water then trickles down the packing material and the microbial growth on the packing material
extracts the organic pollutants from the water, thereby purifying the water.
Aeration is achieved by natural draft. Air holes are located at the bottom of the trickling filter, typically below
the packing material. Thus, the system does not require power for aeration blowers and hence the power
requirement is lower than with activated sludge. The treatment process is, however, less intensive than
that in activated sludge, resulting in the need for a larger footprint to treat the same quantity of wastewater

28
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to the same treated water quality when only considering the aerobic section of the AS facility. Most AS
facilities in SA are three-stage BNR processes and hence cannot be directly compared to trickling filters
which are not suitable for P removal.
Figure 3‑12: Trickling filter air holes

The trickling filter can typically be used for organic pollutant (COD) removal and partial nitrification.
Separate secondary nitrification may be required to comply with release specifications, reducing the
suitability of this technology in an environment where stricter release specifications are enforced.
The treated effluent from the trickling filter is routed to downstream humus tanks (settling tanks), where
the waste sludge is settled under gravity. The waste sludge/recirculation pumps are the main energy
consumers in a trickling filter facility. A typical SPC value for a trickling filter system is 0.177 kWh/m3.

3.5.2 Activated sludge
Activated sludge (AS) is a microbiological treatment process that is used to remove the remaining organic
components from the primary treated wastewater. Activated sludge utilises organic bacteria that live in
suspension in the reactor. In order to enable the removal of different nutrients, portions of the AS reactor
are aerated, while the initial reactor compartments are typically either anaerobic and/or anoxic. Mixers are
typically used in the anoxic zone to keep the sludge in suspension.
Aeration is typically achieved in one of two ways. Surface aerators can be mounted in the reactor on the
surface of the water, and by rotating the aerator blades, which then fling water droplets through the air,
Figure 3‑13: Fine bubble and surface aeration in activated sludge process
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Aeration is typically the largest
power consumer in an Activated
Sludge WWTW

contact between water and air is achieved. Alternatively, air can be blown into the reactor by a blower. The
air bubbles then move upwards through the water, and oxygen dissolves from the bubbles into the water.
Typical SPC values for different types of AS systems are as follows:
y 0,272 kWh/m3 for activated sludge oxidation (COD removal);
y 0,314 kWh/m3 for MLE Activated Sludge; and
y 0,412 kWh/m3 for activated sludge with BNR.37
Recirculation of mixed liquor from oxidation/nitrification to the pre-denitrification has a specific energy
consumption of 0.014 kWh/m3 where applied.38

3.5.3 Secondary sedimentation tanks
The sludge flocs have a higher density than water and are usually separated by gravity from the treated
wastewater in secondary sedimentation tanks (SSTs).
Figure 3‑14: Sedimentation tank overflow weir 39
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Secondary sedimentation tanks equipped with a scraper have specific energy consumption levels40 with
a mean of 0.012 kWh/m3. Sludge recirculation from the final settler has specific energy consumption
(SEC) values that vary between different WWTPWs. Variations of up to an order of magnitude occur, from
0.030 to 0.226 kWh/m3. Despite the high energy consumption, energy efficiency in sludge recirculation is
often ignored in small WWTPs. SEC increases when the WWTP capacity decreases.41

37. Feng L et al., 2012, note 8.
38. Foladori, Vaccari and Vitali, 2015, note 32.
39. M Bagajati, Improving Wastewater Optimization Through Flow Distribution, Sep 2015, accessed 10 August 2018 from:
https://esemag.com/wastewater/improving-wastewater-optimization-through-flow-distribution/
40. Foladori, Vaccari and Vitali, 2015, note 32.
41. Ibid 40
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3.5.4 Oxidation ditch technology
Oxidation ditch technology is a form of activated sludge treatment. It is equipped with horizontal shaft
aerators at specific locations in the ditch.
Oxidation ditch technology has a higher specific energy demand of 0.30 – 2.07 kWh/m3, varying according
to location and feed strength.42
Figure 3‑15: Oxidation ditch (Image copyright SUEZ; used with permission)

3.5.5 Integrated fixed film activated sludge
In integrated fixed film activated sludge (IFAS) processes, a combination of attached growth integrated
into an AS process is utilised. In a moving bed biofilm reactor (MBBR), all the active biomass is fixed on
mobile media. No recirculation takes place, and separation is carried out either by high-speed flotation
or by filtration.43
The rings with attached sludge are heavier than conventional AS sludge. In order to keep these rings in
suspension, more intensive aeration is required to provide adequate mixing.
Figure 3‑16: Moving bed biofilm reactor

3

43. SUEZ Degremont Water Handbook, note 35.
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42. Bodik and Kubaska, 2013, note 30.
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The specific power consumption for an MBBR system is typically approximately 15% higher than for a
similar conventional activated sludge system.
In food chain reactor (FCR) technology, plants are introduced into the reactor, where the plant roots grow
into the reactor volume, resulting in surface area to which the activated sludge can attach. The plant roots
are supplemented with artificial packing material that looks similar to the roots. Due to the low levels of
suspended solids in the reactor, oxygen transfer efficiency is better than in conventional AS and thus it
typically requires 30% less power than AS.
Figure 3‑17: Food chain reactor activated sludge system

3.5.6 Membrane bioreactor
In membrane bioreactor (MBR) systems, ultrafiltration (UF) membranes are incorporated into the activated
sludge reactor configuration, and can be located inside or outside the reactor.
Figure 3‑18: MBR Membrane tank
(Photo copyright SUEZ; used with permission)
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The technology still operates on the activated sludge principle. However, the membranes retain the sludge
in the process, and the process can be significantly intensified. The high level of suspended solids limits
oxygen transfer efficiency, resulting in the need for larger blowers than in conventional AS to achieve the
same level of aeration. To keep the membranes clean, air scouring is performed over the membrane surface,
and a second set of blowers is required for this purpose. Thus, the power consumption of an MBR system is
typically approximately 40% higher than for an equivalent AS system using fine bubble aeration.
Figure 3‑19: Typical UF membrane cassette as used in MBR
(Photo copyright SUEZ; used with permission)

The typical performance obtained by an MBR system is summarised in Table 3-2.
Table 3‑2: Typical MBR product water performance
Concentration

Suspended solids (mg/ℓ)

<2

Turbidity (NTU)

<1

COD* (mg/ℓ)

< 30

BOD (mg/ℓ)

<3

NH 4 -N (mg N/ℓ)

<1

Total N (mg-N/ℓ)

< 10

Faecal coliforms (CFU count in 100 mℓ)

< 100

*Dependent on the non-biodegradable COD entering the facility
33
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Figure 3‑20: Vertical GAC pressure filter
(Photo copyright SUEZ; used with permission)

3.6 Tertiary treatment
Following the biological treatment step of the wastewater treatment process, tertiary treatment is
performed to render the treated water suitable for release to a natural watercourse or consumer of the
treated water.
Focus on treatment processes for the removal of Endocrine Disruptors (EDC), which are chemicals that
can interfere with the hormonal system at certain concentrations, and so-called chemicals of emerging
concern (CEC), such as pesticides, medicines, surfactants, etc. is also increasing. These chemicals are
not easily broken down in conventional WWTWs, and additional tertiary treatment steps are required to
remove them.

3.6.1 Granular activated carbon
Granular activated carbon (GAC) is a porous material with a large surface area that has the ability to
absorb organic pollutants from water.
GAC will remove not only potentially hazardous chemical components such as EDC disruptors, but also
taste- and odour-causing chemicals from the water.

3

3.6.2 Disinfection
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Disinfection is done to destroy residual pathogenic bacteria. Various disinfection technology options are
available.
Maturation ponds can be used as a low-operating-cost system in areas where large areas of land are
available. These ponds receive the treated water and then allow longer retention time in shallow ponds.
The low flow velocity in the ponds allows for solids to settle. At the same time, solar disinfection can take
place in these ponds. The typical SPC for a maturation pond is 0 kWh/m3.
The most commonly used method of disinfection in South Africa is chlorination by chlorine gas or other
chlorine-containing components such as sodium hypochlorite (e.g. Jik) or calcium hypochlorite (e.g. HTH).
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Figure 3‑21: Chlorine gas storage and dosing

The disadvantages of chlorine are related to the formation of potentially carcinogenic components, such
as trihalomethanes, when reacting with humic acids present in the treated water.
Chlorine gas is a hazardous chemical requiring special safety precautions. The main benefit of chlorine
disinfection in re-use applications is the fact that a residual of chlorine remains in the water, preventing
the re-growth of bacteria. However, in post-chlorination of wastewater where the wastewater is released
into sensitive natural environments, de-chlorination is required to prevent damage to organisms in the
environment. The typical SPC for chlorination is ± 0.02 kWh/m3.
Figure 3‑22: In-channel UV disinfection
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As a result of the risks associated with chlorine gas, alternative disinfection technologies have been
developed, such as physical disinfection via ultraviolet (UV) light. UV disinfection utilises ultraviolet light
emitted by UV lamps. The UV light penetrates the bacteria and is absorbed by their RNA and DNA. This
destroys the nucleic acid in the cells and prevents them from performing vital cellular functions. The main
benefit of this system is that it uses no chemicals. However, the power consumption is relatively high and
frequent cleaning and replacement of the tubes is required. The typical SPC for UV is ± 0.058 kWh/m3.
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UV and ozone are considered as
feasible chlorine replacement
options, but at increased power
consumption
Ozonation is another chemical disinfection method. Ozonation typically requires significant capital
investment and is fairly high in power consumption compared to chlorination. There are also some safety
concerns which require that excess ozone must be destroyed after the contact tank. The typical SPC for
ozonation is ± 0.077 kWh/m3.
Figure 3‑23: Ozone generator (Photo copyright SUEZ; used with permission)

3.7 Sludge processing
As in any biological system, the microorganisms inhabiting the activated sludge reactor grow and multiply
continuously. The quantity and age of the biomass/sludge present in the reactor vary, and specific volumes
need to be removed from the reactor for further treatment.

3

Figure 3‑24: Sludge drying bed

ENERGY IMPACT OF
TREATMENT TECHNOLOGIES

36

Guideline for Energy Efficiency Audits at Wastewater Treatment Works

3.7.1 Drying beds
Drying beds are commonly used in WWTWs in South Africa. The WAS from the clarifier under flow or
sludge thickened in other processes is routed to drying beds. Drying beds utilise a combination of gravity
filtration and evaporation to further separate the water from the sludge.
After approximately two to three weeks of solar drying, the sludge is removed from the sludge bed.
The dried sludge can be either composted for agricultural re-use or disposed of, but the latter is not
recommended.
Sludge drying beds are easy to operate and since they use solar evaporation, they do not consume electrical
power. The biggest disadvantage of sludge drying beds is their sensitivity to rainfall, which makes drying
beds less effective during rainy seasons. Odour and insect infestations are also disadvantages of sludge
drying beds.

3.7.2 Sludge thickening
Especially in larger facilities, drying beds are not practical due to the large surface area required.
Various mechanical technologies such as belt filters, centrifuges and filter presses can be utilised to
thicken the WAS further. These processes are significantly more energy-intensive than drying beds
(refer to Table 3-3 below).
Table 3‑3: Typical power requirements for various sludge dewatering technologies44
Technology

Power (kWh/t suspended solids)

Belt filters

10 - 25

Filter press

20 - 4 0

Centrifuge

30 - 60

Belt filters are the least energy-intensive mechanical sludge dewatering technology.
Figure 3‑25: Belt filter (Photo copyright SUEZ; used with permission)

3

44. SUEZ Degremont Water Handbook, Belt Filters Introduction, accessed 13 August 2018 from: https://www.
suezwaterhandbook.com/processes-and-technologies/liquid-sludge-treatment/belt-filters/introduction
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Drained sludge is pressed by a filter belt that is in contact with the top of the sludge cake. The sludge
passes over perforated drums and rollers through which more liquid is pressed from the cake. Filter
presses use high-pressure filtration principles to produce a filter cake with an even higher solids content.
Pressure filtration is performed in an enclosed space, and hence the sludge cannot escape as it does in
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filter presses. The result is a dry filter cake containing > 30% dry solids. However, the technology is more
energy and labour intensive. The capital cost of these units is also higher than for belt filters.
Figure 3‑26: Filter press (Photo copyright SUEZ; used with permission)

In centrifugation, centrifugal forces are utilised to separate sludge from the water present in the WAS. Due
to the centrifugal forces being applied, the heavy particles settle and are deposited and scraped off by the
conveyor screw and routed continuously out of the centrifuge.
Figure 3‑27: Cross-Section of a Centrifuge
(Image copyright SUEZ; used with permission)

3
ENERGY IMPACT OF
TREATMENT TECHNOLOGIES

3.7.3 Dissolved air flotation
Dissolved air flotation (DAF) is an alternative technology that can be used for sludge thickening. A portion
of the product water from the DAF system is pressurised by injecting air under pressure into the water in
a pressurised tank in order for the air to dissolve in the water at the level of pressure applied. The higher
the pressure, the more air will dissolve in the water but with higher power consumption. The pressurised
water is then released into the flocculated sludge stream in a contacting chamber. As the pressure is
relieved on the air-saturated water, the air goes out of solution in the form of very fine air bubbles. These
bubbles attach to the sludge flocs, resulting in a combined density lower than that of water; hence the
flocs will rise to the surface. The typical SPC of a DAF system is 0.05 – 0.075 kWh/m3.
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Figure 3‑28: DAF unit cross-section
(Image copyright SUEZ; used with permission)

3.7.4 Sludge stabilisation
Sludge stabilisation can be achieved either aerobically or anaerobically.
Aerobic digestion entails the introduction of air by either surface aeration or fine bubble aeration into the
WAS in order to stabilise the sludge. The stabilisation achieved depends mainly on the quantity of oxygen
transferred, residence time, temperature and the age of the incoming sludge. Organic matter reduction in
sludge produced by aerobic stabilisation is significantly less than 20%, which is well below that achieved
with anaerobic digestion.
Figure 3‑29: Anaerobic digesters

3
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Anaerobic digestion (AD) is the most commonly used method to achieve sludge stabilisation and
reduce moisture content and quantity. Approximately 40 - 50% reduction in sludge solids is achieved in
an AD system, which results in reduced sludge disposal costs. A beneficial by-product from anaerobic
sludge digestion is the formation of biogas that consists predominantly of methane (CH4) and carbon
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Figure 3‑30: Digester heating (Photo copyright SUEZ; used with permission)

dioxide (CO2). The typical methane concentration in the biogas varies between 60 and 65% (v/v), although
concentrations >70% have been reported. The methane gas produced can be used for heat or power
generation (CHP) and is thus a source of renewable energy that can be used to partially offset the carbon
footprint of the WWTW. Most pathogenic bacteria are destroyed during the AD process; however, it is
less efficient in destroying viruses and helminth eggs. AD is dependent on temperature, with a significant
reduction in AD activity at low temperatures. Hence, it is more suitable in warm climates. However, a
portion of the biogas produced can be utilised to fire the incinerators and for heating of the AD reactor to
ensure optimal bio-activity.
In order to increase the biogas production from the anaerobic digestion process, co-digestion options
may be considered. Incorporating primary sedimentation sludge and introducing organic waste sources
such as food waste from local food producers/processors can also be considered. By increasing the
organic loading, the biogas production will increase, resulting in a higher potential power generation
capacity.45 The typical SPC for an AD system is 0.05 – 0.1 kWh/m3.

Treated wastewater is the

3

cheapest, most readily available
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source of re-usable water from
unconventional sources.

45. Van der Merwe-Botha, M, Borland, J and Visser, A, Anaerobic Digestion – A Guidance Manual, SALGA and GIZ,
Pretoria, 2018.
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3.8 Specific power consumption
Specific power consumption (SPC) converts the power consumed in diverse sites to a value expressed
as power consumed per unit of wastewater treated. As a result, the energy efficiency levels achieved in
various sites can be compared and benchmarked against each other as a guideline for comparisons in
EE audits. Care must, however, be taken and interpretation performed by the auditor to take site-specific
conditions into consideration, e.g. a facility that was originally designed for a specific feed concentration
that is receiving a significantly increased feed concentration during a drought may seem to have a higher
SPC due to the reduced volume entering but is providing the same pollutant load as per the original
design. The typical specific power consumptions per treatment process discussed in the previous section
are summarised in Table 3-4 below.
Table 3‑4: Typical specific power consumption per treatment technology
Specific power consumption (kWh/m 3 treated)

Reticulation network

0.05 4 – 0.076 In extreme cases 0.184 kWh/m 3

Gravity flow inlet works

0

Archimedes screw Pump

0.016 – 0.034

Screens or sieves

0.01

Pista grit removal

0.005

Aerated grit removal

0.008

PST

0.01

Trickling filters

0.177

Activated sludge oxidation (COD removal)

0.272

MLE Activated Sludge

0.314

Activated sludge with BNR

0.412

BNR Mixed Liquor Recirculation

0.014

Aeration

0.3 – 1.5

R AS Pumps

0.030 to 0.226

SST Scraper

0.012

Oxidation Ditch Technology

0.30 – 2.07

Maturation ponds

0

Chlorination

0.02

Ultraviolet

0.058

Ozonation

0.077

DAF

0.05 – 0.075

Anaerobic Digestion

0.05 – 0.1
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3.9 Value-adding options
WWTWs typically treat wastewater in order for it to be released into natural watercourses in South
Africa. It could, however, potentially provide the most reliable source of water for re-use at a reasonable
cost compared to other technologies, e.g. sea water desalination, to provide water from unconventional
sources.
As the focus on the re-use of treated wastewater increases, improved separation technologies become
available to obtain water suitable for re-use. In broad terms, there are three categories of this:
y water for irrigation purposes: typically already suitable after disinfection;
y water for industrial re-use: typically requires additional polishing for suspended solids (SS) reduction;
and
y re-use as potable water: requires more complex treatment processes, including but not limited to
reverse osmosis and advanced oxidation process disinfection.
Through AD and the utilisation of the calorific value in biogas produced by AD, the power consumption of
these facilities can also be significantly reduced.

3.9.1 Ultrafiltration
Ultrafiltration (UF) is utilised in MBR systems to obtain sludge/product water separation. In an MBR
reactor, the activated sludge reactor is followed by an integrated compartment containing ultrafiltration
membranes, which form a physical barrier that retains the MLSS within the reactor. As discussed in par.
3.5.6, this poses certain benefits and disadvantages.
Figure 3‑31: Typical UF/RO skid (Photo copyright SUEZ; used with permission)
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The option, however, also exists to utilise tertiary UF downstream of conventional AS systems or other
similar technologies, such as FCR. Installing the membranes in a membrane tank forming part of the
MBR configuration is not required; the membranes can be installed independently downstream of the
sludge/water separation step. This results in the following benefits for the WWTW owner:
y There is improved oxygen transfer efficiency when compared to MBR due to the lower MLSS in the
reactor and thus reduced power consumption.
y Reduced SS concentration to which the UF membranes are exposed results in higher flux rates and
thus a smaller membrane surface area required, resulting in smaller areas of membrane required and
thus reduced capital cost.
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UF generates effluent of a
quality suitable for irrigation or
industrial use but not for direct
potable use

y Depending on the level of SS reduction, the need for air scouring to keep the membranes clean can be
reduced or eliminated, resulting in reduced power consumption and operating costs.
y Depending on the level of SS reduction, cheaper membrane options can be considered, resulting in
reduced capital cost.
y Reduced SS also results in less membrane fouling, thus reducing the frequency with which membrane
cleaning-in-place (CIP) needs to be performed.
y Reduced membrane fouling results in longer membrane life and thus less frequent replacement of
membrane cassettes, resulting in reduced operating costs compared to MBR.
y In MBR, membrane area must be provided for the total flow being treated. For tertiary treatment the
membranes are not integrated in the AS reactor and hence membranes need to be installed only for
the fraction of the treated water intended for re-use, resulting in the option to modularly expand the UF
section as demand increases.

3.9.2 Reverse osmosis
In cases where potable water re-use is considered, reverse osmosis (RO) membranes are one of the most
reliable processes for the final removal of undesirable dissolved components not yet removed by filtration
and UF.
In RO systems, semi-permeable membranes that retain dissolved components but permit water to
pass through the membrane are used – based on the principles of osmosis. Pressure is utilised to force
the water through the membrane, thus obtaining high-quality water as a product, as well as a high salt
residual stream called brine.
Figure 3‑32: RO membrane house
(Photo copyright SUEZ; used with permission)
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In inland areas, disposal of the brine is problematic since it cannot be released to rivers. However, in
coastal areas, the brine can be released at points of high turbulence in the ocean, resulting in almost
instantaneous dilution of the brine stream.
The RO membranes will also retain some organic pollutants as well as some chemicals of emerging
concern (CEC), thus providing a safer source of water for potable re-use.

3.9.3 Enhanced cell lysis
The rate-limiting step in the AD process is the rate at which the cell walls can be ruptured, i.e. cell lysis. By
inducing cell lysis, a number of benefits can be achieved:
y biogas production in the digesters is significantly increased (up to 20%);
y biogas methane content is improved and the residual sludge production is reduced (15 to 20%);
y digestate viscosity is reduced, thus reducing the electricity consumption of the digester system; and
y as a result of the above process intensification, the loading rate can be increased (for existing ADs), or
smaller digesters can be utilised (where new digesters are being installed).
There are three categories of cell lysis enhancement technology, namely chemical cell lysis, thermal cell
lysis and ultrasonic cell lysis.
In chemical cell lysis, chemicals such as caustic soda or sulphuric acid are utilised to either increase
or decrease the pH of the liquid to a level where the cell walls will rupture. The pH must then again be
neutralised prior to feeding the liquid to the AD system. This results in significant chemical addition costs
as well as an increase in the dissolved solids in the water, resulting in high operating costs and adverse
environmental impacts.
In thermal cell lysis, heat is used to rupture the cell walls. This requires significant quantities of heat either
from electrical sources or from steam generated from biogas. Thus, it is energy-intensive and increases
the carbon footprint of the site significantly.

3

Ultrasound is defined as sound in the range of 20 kHz to 10 MHz. However, the lower end of the range
(20 to 40 kHz) is utilised to achieve ultrasonic cavitation. When localised, the pressure falls below the
evaporation pressure of water, resulting in the explosive formation of small bubbles. This results in
strong mechanical shear forces that can destroy robust surfaces such as cell walls. The ultrasound first
decomposes the agglomerations at low energy followed by further sonification, which causes cell lysis.
This releases the cell content, making it easily available for degradation. In addition, it releases enzymes
from cells (usually destroyed where heating processes are used), which stimulates microbial activity. The
result is better digester performance and increased biogas production.
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3.9.4 Combined heat and power
Combined heat and power (CHP) or cogeneration units are utilised to generate both electricity and reusable heat from a fuel such as, in this instance, biogas produced during the AD of WAS. By utilising the
waste heat from the fuel incineration process as an additional energy source, a more efficient power
generation flow scheme than conventional power generation is attained.
The biogas is first purified to remove undesirable components such as moisture and sulphur-containing
components that result in corrosion in the co-generation process. Upon ignition of the biogas, the energy
44
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Cell lysis releases cell content, thus
enhancing the AD process to produce
more biogas and less digestate

released is utilised to drive either a gas engine or a gas turbine to generate electricity. The electricity can be
utilised directly on-site to offset power imported from the grid, thus improving the overall EE of the facility.
In addition, the heat in the off-gas from the generator can be recovered and used for local heating
purposes, e.g. the AD reactor itself, adjacent buildings, etc.
Figure 3‑33: Ultrasonic cell lysis unit

The efficiency of biogas conversion by CHP ranges from 25 to 45% with traditional internal combustion
engines (ICEs) and micro gas turbines (MGTs). More specifically, when CHP size is lower than 100 kWe,
electrical efficiency is in the range of 25 to 35%; when CHP size is between 100 and 500 kWe, the range is
35 to 40%; and for large plants with sizes higher than 500 kWe, efficiency ranges from 38 to 45%.46

When considering the import of additional waste sources, the AD system must not be regarded in isolation.
The additional loading on the AD system will result in additional digestate and/or supernatant, which
would typically be routed to the activated sludge system, thereby increasing the organic loading and need
for aeration capacity and power consumption. A holistic review of the full impact is required.
46. Gandiglio, M et al, Enhancing the Energy Efficiency of Wastewater Treatment Plants through Co-digestion and Fuel Cell
Systems, Frontiers in Environmental Science, Volume 5, Article 70, Lausanne, Switzerland, 30 October 2017.
47. New York State Energy Research & Development Authority, Water & Wastewater Energy Management – Best Practices
Handbook, Sep 2010.
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Biogas conversion to energy can produce 60% or more of the power requirements of a WWTW.47 This
value can be increased by importing primary sludge, WAS and additional organic waste sources to the AD
system to generate more electricity.
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The City of Johannesburg installed a CHP system at the Northern Works in 2012 and is in the planning
stages of installing the system at a further two plants. Other metropolitan municipalities are also at
advanced stages of planning and implementing biogas to energy projects. About 56% of the site power
requirements are generated at the Northern Works at a cost of R0,30/kWh, and a high-quality digested
sludge is produced that is used as an organic compost.
A toolkit has been developed by WEC Projects, GIZ and SALGA to assist municipalities in assessing the
high-level biogas potential of their WWTWs, which also calculates indicative CAPEX and OPEX costs.
The output of this tool will enable municipalities to decide whether a CHP project is feasible and warrants
further evaluation.48
The anaerobic process is relatively stable if properly controlled. However, anaerobic digestion is a biological
system, and the slow rate of microbial growth limits the flexibility to changing operating conditions.
Microorganisms in digesters are therefore susceptible to upsets if the environment continuously changes
and if not properly monitored.49 Changes such as the introduction of toxic substrates, shock-loading,
infrequent loading, erratic mixing and fluctuating temperatures will upset digester performance, with
subsequent reduction in the quality of biogas and biosolids.50

3.10 South African WWTW energy consumption
When comparing the South African energy consumption variation within a technology type (Figure 3-34),
the difference between consumptions per technology type can be observed. High consumption figures
are found with extended aeration plants, and lower consumption patterns for ponds/lagoons and biofilters
systems. The exponential trend curve indicates the rapid increase in consumption as a direct function of
the energy requirements by more sophisticated systems.51
The energy consumption of the main processing areas of an activated sludge facility relative to the size
of the facility, based on South African references, is summarised in Table 3-5.
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48. Van der Merwe-Botha, Borland and Visser, 2018, note 45.
49. Ibid 48
50. Ibid 48
51. Scheepers and Van der Merwe-Botha, M, Energy Optimization Considerations for Wastewater Treatment Plants in South
Africa – A Realistic Perspective, Jan 2012.
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Figure 3 34: Energy consumption ranges for various types of WWTWs
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Table 3‑5: Energy consumption ranges for a typical activated sludge process across different plant sizes
(capacity) and per process unit52
Process unit

Energy requirement
(kWh/day)
2 MLD

Pumping

10 MLD

25 MLD

100 MLD

507.7

1205.3

4 336.4

26.9

4 8.6

89.8

334.2

7.9

42.6

102.4

4 09.5

281.1

1453.7

4705.6

17908.2

Secondary clarifiers

7.9

42.6

102.4

4 09.5

Disinfection

0.5

2.7

17.8

70.0

Sludge management

637.2

1424.8

1194.7

4 379.0

Lights & buildings

105.7

218.6

528.3

1585.0

1181.4

3741.5

7946.3

294 32.7

590.7

374.2

317.9

294.3

Inlet works
Primary clarifiers
Aeration

TOTALS
Consumption ratio
(kWh/MLD)

52. Scheepers and Van der Merwe-Botha, M, Energy Optimization Considerations for Wastewater Treatment Plants in South
Africa – A Realistic Perspective, Jan 2012.
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The following additional documents provide valuable information on wastewater treatment technologies
and are recommended reading:
1.

Water Research Commission’s Wastewater Treatment Technologies – A Basic Guide (WRC Report
No TT651/15). This guide, developed by Golder for the WRC, contains more information on sewage
treatment technologies as well as the different configurations that are utilised to achieve different
compliance results.

2.

Degremont Water Handbook – This reference work on various water and wastewater treatment
technologies has been widely used since the 1950s. Where it previously was an expensive
reference work, it is now freely available as an online reference work at the following webpage:
https://www.suezwaterhandbook.com/processes-and-technologies
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4. Energy audit methodology
PURPOSE AND USERS OF ENERGY AUDIT GUIDELINE

Drivers and need for an energy audit

Module 2

Wastewater treatment and
consumption

Module 3

Conducting and energy audit

Module 4

Quantifying baseline performance
and identifying EE opportunities

Module 5

Compiling an energy audit report

Module 6

Implementing the plan and achieving
targets

Module 7

CASE STUDY 1

FIELD TESTING OF GUIDELINE
CASE STUDY 2

4
3
1

After studying this module, the learner will have an understanding of:
1. the energy audit process,

ENERGY AUDIT
IMPACT OF
INTRODUCTION
METHODOLOGY
TREATMENT
TECHNOLOGIES

2. the methodology used,
3. what information must be obtained,
4. how this information must be applied,
5. how valid data is obtained, and
6. how to benchmark results to industry best practice.
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Collection of correct and complete data is essential to the success of an EE audit. The principle of
‘GARBAGE IN = GARBAGE OUT’ is extremely relevant in an EE audit. The objective of this module is to:
y provide guidance on how to start an EE audit and what information to gather;
y understand how to verify gathered information against actual conditions on site; and
y understand how to proceed once the information has been gathered.
The most important impact of an EE audit is that knowledge is power. The better the quality of and the more
complete the information received is, the better the quality of the outcomes from the EE audit will be.
The EE audit process can be subdivided into three broad categories, namely EE audit preparation, EE audit
execution and post-audit activities, as per Table 4-1 below.
Table 4‑1: EE Audit activity breakdown53
EE audit preparation

EE audit execution

Post-audit activities

Audit criteria

Initial walk-through

Writing audit report

Selection of audit team

Analysing energy use patterns

Preparing action plan

Audit scope

Benchmarking

Implementing action plan

Audit plan

Identifying EE potentials

Checklist preparation

Cost-benefit analysis

Data inventory and measurement
Collecting energy bills and
available data
Preliminary analysis
Various authors indicate typically seven or eight steps for the development of an effective energy
management programme. Some of these steps overlap with the activities associated with an EE audit. In
the South African context, the following steps are recommended:54
establish energy management goals,

2.

establish organisational commitment,

3.

establish energy use baseline,

4.

identify feasible energy conservation measures,

5.

prioritise opportunities for implementation,

6. develop an implementation plan,
7.

provide for progress tracking and reporting, and

8. maintain energy management goals.

53. Phelan, 2016, note 2.
54. Mosvuto E and Ikumi D, Energy Use Reduction in Biological Nutrient Removal Wastewater Treatment Plants – A South
African Case Study, WRC Report No. IT 654/15, March 2016.
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Activities 3 – 5 form the core of the EE audit process, although it is recommended that the EE audit team
also remains involved in activities 6 and 7. An independent third party would be more beneficial for activity
7 in terms of project performance and should be instilled as best practice.
In the South African context, the GIZ, Sustainable Energy Africa (SEA) and SALGA have developed a
guideline on implementing a Municipal Energy Management System (October 2019). It incorporates a
step-by-step guide on how to initiate and implement an energy management system in municipalities
(Figure 4.1). According to this guide, various energy management projects may co-exist across different
departments, within a cohesive energy management programme on an organisational level. Such projects
may include streetlighting, vehicle fleet, water supply, wastewater treatment, etc.
The City of Cape Town case study shows how municipalities can transition from project-based energyefficiency interventions to a programmatic energy management systems approach through the use of
an intermediary department to coordinate internal energy projects, which are ultimately embedded within
the overall operations of the city.

Figure 4-1: A step-by-step guide to energy management systems in municipalities (GIZ, SEA, SALGA, 2019)

Key elements of a municipal energy management programme that typically include a
wastewater energy project are to:
y Build the evidence base by:
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 implementing measures such as an energy efficiency audit of the WWTW to
demonstrate and motivate for municipal and/or external funding;
 raising the awareness on energy management by showcasing realised financial savings,
process efficiencies and environmental benefits; and
 publicising data, e.g. state of energy reports, energy efficiency report of the particular
WWTW, etc.
y Show the value by:
 training of staff involved in energy management, co-generation, and energy efficiency
projects;
 providing peer support and technical advice to partner departments who are also
engaging in energy management projects, e.g. business plans, tenders, monitoring, audit
processes, etc.; and
54
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 contributing to the fulfilment of departmental mandates within the bigger energy
efficiency strategy of the organisation.
y Network and advocate by:
 making use of national and international networks and best practice;
 building the necessary pollical support through engaging with political principles and
leveraging networks;
 motivating for energy projects’ inclusion in the municipal IDP and budget; and
 engaging with other departments aimed at optimising facilities and infrastructure
management.
y Embed in the municipal system by:
 getting commitment from senior staff and developing an internal energy management
policy with targets;
 assigning dedicated staff to implement projects and drive the programme and including
these tasks as part of staff KPIs and performance targets; and
 stocking technology and equipment that support energy efficiency initiatives, and
ensuring that the municipal asset management and supply chain Management teams
are part of the process.

4.1 Organisational commitment
For the outcomes of an EE audit to be implemented successfully, organisational commitment is required
before the execution of the EE audit. Although not part of the audit process, the upfront confirmation of
whether organisational commitment is in place will guide the auditor as to what level of support can be
expected. Where a lack of capacity or will is observed, mitigation measures must be applied early on in
the process to ensure all key people are on board, e.g. if an energy management team does not exist, this
must be set up first.
The keys to success are the following:55
y management must participate in the energy management team;
y the energy management team should be cross-functional, including members from elected officials,
management, financial, operations and maintenance;
y resources need to be allocated to the project, with a balanced commitment based on an initial estimate
of energy savings; and

1
4

y ‘feedback loops’ need to be established so that energy performance goals and key performance
indicators are shared within the utility.
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55. New York State Energy Research & Development Authority, 2010, note 47.
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According to NYSERDA, the specific responsibilities of the energy management team should include the
following:56
y Develop a strategic energy management plan: This plan should establish the overall mission, and
document the organisation’s commitment to energy management.
y Establish performance goals, metrics, and incentives: This includes establishing a communications
plan to identify how information should be shared, and setting a schedule of milestones and deadlines.
y Define resource needs: Utility management should demonstrate a commitment to the programme by
allocating resources to achieve the stated goals. The team will be responsible for identifying resource
needs such as staff time, equipment, and external consulting support. Resource requests should be
balanced with preliminary expectations for energy savings.
y Serve as an energy information clearinghouse: The team should be a utility-wide resource to provide
information about energy use and coordinate communications regarding any projects that affect
energy use. For example, recommendations from the energy management team should be coordinated
with the capital improvement planning process.
If an energy management team is not in place, the first recommendation from the EE audit would be
for the municipality/owner to set up such a team, with specific targets for compiling the above EE plan
assigned to a specific manager and forming part of his/her key performance indicators.
Since most WWTWs were designed and constructed decades ago, energy efficiency was not a major
design consideration. Historically, energy was still relatively cheap and abundantly available and concerns
about GHG emissions and global warming were not addressed in the design process. Technology has
advanced significantly, resulting in energy efficient motors and other equipment being available. The
technology and means are thus well developed to realise significant energy savings at many WWTWs.

4.2 Planning and information gathering
As the saying goes, if you fail to plan, you plan to fail. It is important to properly prepare and plan the
energy audit in order to ensure the correct role players are involved and that the correct actions are taken
and information gathered to successfully interpret the audit outcomes.
The first step in an EE audit is to request and collect available information from the WWTW operating and
maintenance staff and management (refer to Annexure A for a template).
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The American Society for Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE) classifies
energy efficiency audits into three levels of audits. The same principles can be applied to WWTWs,
namely:57
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56. New York State Energy Research & Development Authority, 2010, note 47.
57. American Society for Heating, Refrigerating and Air-Conditioning Engineers, 2011, note 4.
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LEVEL 1: Walkthrough assessment58 , which:
 only identifies potential areas of energy savings;
 is usually half a day or less;
 includes suggestions for quick payback projects, minimal cost associated and no
data analysis performed, e.g. replacement of lighting with energy efficient lights;
 includes suggestions for areas needing further studies;
 is performed at little or no cost; and
 includes an issues report outlining the energy use on-site, an energy benchmark,
and recommendations for low-cost or no-cost energy efficiency improvements.
The report will also list possible future energy saving capital projects.59

LEVEL 2: Energy survey and analysis 60, which:
 builds on the Level 1 audit;61
may require one or two days at the plant;
includes interviews with plant personnel;
includes a detailed breakdown on energy use by process;
may require two or more weeks for utility data, pump curves, aeration processes
and other processes to be analysed;
 identifies projects with short payback e.g. conversion to energy-efficient motors or
installation of variable speed drives (VSD) on motors;
 determines savings, costs and payback period; and
 lays out a plan for a Level 3 audit and analysis, which would require more intensive
data collection.62





LEVEL 3: Detailed analysis/modelling 63 , which:

58. Morgan, 2012, note 5.
59. Continuing Education and Development Inc, compiled by Greenberg E, Energy Audits
Plants and Pump Stations, New York.
60. Morgan, 2012, note 5.
61. Continuing Education and Development Inc, note 59.
62. Ibid 61
63. Morgan, 2012, note 5.
64. Continuing Education and Development Inc, note 59
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 focuses on further developing the capital projects identified as part of the Level 2
audit report;64
 may require three or more days at the plant;
 examines energy use in all processes;
 proposes possible design modifications, e.g. conversion of treatment technology to
a different technology;
 emphasises optimisation;
 includes a detailed cost estimate, often with significant investment; and
 may result in major energy savings.
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Therefore, energy efficiency audits are a combined level 1 and level 2 audit. The level 3 audit would be part
of a detailed engineering design effort.65 Thus, this guideline will focus on level 1 and 2 EE audits.
Prior to initiating an energy efficiency audit, the audit team and municipality representatives must review
the municipality’s objectives and scope and select the level of energy efficiency audit to be executed.
If this is not done and agreed upon beforehand, it can result in client dissatisfaction with the results
achieved in the audit.
The next step is to identify the EE audit battery limit or fence line.66 Typical considerations will be as
follows:
y Is the whole WWTW considered or is there a focus on specific aspects such as pumps only. For
example, are the buildings such as control rooms and outside lighting considered or only processing
equipment?
y Headworks/lifting stations, although not with the treatment plant, still form part of the entire works.
Ideally this should include fuel usage by honeysuckers, bucket collections, etc.
y Is the generation of renewable energy from primary, WAS and/or mixed sludge or other sources a
consideration?
Once the battery limit for the audit has been fixed, supporting information required from the municipality/
owner must be requested. The level of information requested will vary depending on the battery limit and
EE audit level selected.
The following information is typically requested:
y Historical records:
 electrical consumption records,
 plant loading/flow records,
 effluent limits,
 tariff structures, and
 previous EE audits.
y Design detail:
 design basis,
 as-built drawing,
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 equipment lists,
 electrical load lists,
 equipment datasheets and pump and blower curves,
 electrical single-line diagrams, and
 cable MV schedules.
65. Continuing Education and Development Inc, note 59
66. United States Environmental Protection Agency, Local Government Climate and Energy Strategy Guides, “Energy Efficiency
in Water and Wastewater Facilities – A Guide to Developing and Implementing Greenhouse Gas Reduction Programs”,
Washington DC, 2013.
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y Manuals:
 plant operating manuals, and
 plant maintenance manuals,
 asset registers and
 standard operating procedures (SOPs).
y Maintenance records:
 maintenance database on existing electrical equipment (poorly maintained mechanical
equipment leads to higher electrical consumption, as well as other costs), and
 maintenance database on electrical infrastructure.
Depending on the quality of documentation control at a site, not all the requested information may be
available and certain drawings and manuals may have been lost over the years. Also, due to the age
of many of the WWTWs, drawings that are available are often only available in hard copy and not in
electronic format.
Once the above-listed information has been received, the EE auditor must assess and review the data and
information received. This is essential in order to be fully prepared for the execution of the actual audit. In
some cases, all the information may not be relevant, or critical information may not be available.

Minimum baseline period should be 1
year, but preferably 3 years or longer.

4.3 Developing a baseline and measurement plan
Selection of the baseline period can impact on the quality of the EE audit being performed. It is
recommended that this aspect is discussed and clarified with the municipality or responsible person prior
to initiating the EE audit. Limitations that the municipality may have in this regard must be considered in
the preparation and execution of the audit.

as a whole and ideally at sub-process level in order to both develop and normalise the baseline energy
consumption for a WWTW. A measurement plan addressing gaps needs to detailed to ensure that these
gaps are addressed over time. The baseline is of crucial importance, as implemented energy efficiency
measures can be measured in terms of the actual energy savings performance only if the baseline at a
whole plant and sub-process level has been defined. A proper measurement and verification process of
energy savings (e.g. following the SANS 50010:2011 standard) is advised. Properly measured and verified
67. Mosvuto and Ikumi, 2016, note 54.
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Establishing a ‘normalised’ baseline enables accurate measurement of how a treatment plant’s energy
use varies over time. At a minimum, a baseline period of one year should be selected in order to identify
any seasonal patterns. Three or more years is ideal so that any trends or anomalies in energy use can be
identified.67 Calibrated electricity and process variable (e.g. flow) meters need to be in place for the plant
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savings have greater credibility and can easily be used to motivate for further energy efficiency projects,
as the resultant savings are documented and proven.
WWTWs can have large fluctuations in power usage at different times. This can be attributed to a number
of factors, such as:68
y day-to-night plant loading,
y wet weather and dry weather loadings,
y seasonal variations,
y sludge processing equipment operating on an on/off basis,
y final effluent re-use pump stations supplying irrigation water – usually only operated in the day,
y balancing/equalisation basins, pumps and mixers which are operational for only part of day,
y some equipment being off during the day for preventative maintenance/shutdowns, etc.
The information received during the information-gathering phase can be used to divide the WWTW into
functional areas. By identifying logical functional groups, performance measurement and benchmarking
is made easier. This also facilitates planning for separating energy loads to manage demand.69
The following steps should be taken:
Evaluate energy bills and understand the energy rate structure. Many energy management strategies
are directly linked to the pricing of energy, and it is critical to understand how the ‘energy rate structure’
impacts energy costs, as well as what other options are available. It can be helpful to reach out to the
power utility or a consultant for this step.70 The auditor should also confirm that costs not related to
consumption (e.g. interest) are not included, and these costs, should there be any, should be removed
from the evaluation.
Assess the connection between changes in hydraulic loading and energy use. Hydraulic data (i.e. flow)
should also be assembled and interpreted in order to understand patterns of demand and correlations
between flow and energy use. Data should be analysed at several timeframes to identify diurnal
(i.e. day/night) patterns, seasonal patterns, and correlations between dry and wet weather flows and
energy demand.71
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Build a basic ‘model’ to organise data, and capture energy use patterns. Typical models used in this
stage of the process can be created using a generic spreadsheet, or, for larger utilities, it may be helpful
to purchase specific software for organising energy data. An example of a basic spreadsheet model is
provided in Annexure E. The level of modelling sophistication can range from a basic motor list relating
kilowatt to energy demand, to a time-varying (dynamic) model that combines flow, process, and rate
structure information to predict hourly demand and energy costs. The process of modelling can help
to identify what types of information are most helpful, the limitations on currently available information,
and what data needs to be gathered in the field. In addition, an energy use model can be a valuable tool
for testing theories, validating your understanding of energy use, calculating performance metrics, and
68. Phelan, 2016, note 2.
69. New York State Energy Research & Development Authority, 2010, note 47.
70. Ibid 69
71. Ibid 69
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visualising and communicating energy use patterns72. A list of equipment that will be evaluated during the
upcoming site inspection should also be generated73 and the main energy consumers identified.
Create basic graphics and reports to communicate initial findings. Although this is an early step in
the process, it can produce some valuable insights that should be shared with a wider audience than the
energy management team.74

Site inspection verifies and supplements
information received during the
information-gathering phase.

4.4 Site inspection
An in-person inspection of the site is one of the most critical aspects of an EE audit. The purpose of the
site inspection is to personally identify and quantify information required to support the development of
the EE audit report. Information received from the WWTW owner as part of the information request (refer
Annexure A) is now practically observed and verified on site.
For an in-house audit where the plant auditor and the plant manager/process controller is the same
person, the information gathered as part of completing Annexure A becomes the documentation trail that
serves to support claims and proposals made in the audit report. Thus, it is still good practice to have
this information available and stored centrally. For an external auditor, this information is crucial in the
preparation phase.
The site inspection should begin with a meeting of the municipality’s energy team, engineer, key decision
makers, and the person who is responsible for leading the site walk-through. You should briefly review
the expectations for the energy audit and discuss the plan for the site inspection and how many site
inspections you plan to make. Clearly identify what you, as the auditor, want to see, how you will take
measurements, and what measurements or other assistance you will need from the municipality.
Remember that plant personnel have many tasks, and the time spent with an energy auditor takes away
from their other daily responsibilities.75
If the site does not have an energy team, have the kick-off meeting with at least the site supervisor and
the operating and maintenance foremen, and whoever will be showing you around.

72. New York State Energy Research & Development Authority, 2010, note 47.
73. Continuing Education and Development Inc, note 59.
74. New York State Energy Research & Development Authority, 2010, note 47.
75. Continuing Education and Development Inc, note 59.
76. Ibid 75
61

1
4
ENERGY AUDIT
METHODOLOGY

Site inspections may take place over several days depending on the size and scope of the energy audit.
There may also be access issues for data collection that you will need to review on-site before deciding
how to proceed with data collection. If you will be logging data over a period of days or weeks, you will
need to set up the equipment, advise the plant staff if they need to check on the equipment, if necessary,
and then return to retrieve the equipment and download the data.76
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Additionally, be prepared with the necessary safety equipment, including hardhat, safety shoes, safety
glasses, hearing and respiratory protection, as may be required. Obey all safety rules during the site
inspection.77
During a site walk, a number of activities need to be performed. These include:
A system walk-through. Verify equipment lists, operating status, and motor sizes for major utility
systems.78
The tags on the motors on a site are not always easily legible. Useful items to carry with you are blackboard
chalk and a rag. By scratching the chalk over the nameplate and then removing the bulk of the chalk with the
rag, chalk will fill the grooves of the lettering, causing it to stand out and be more legible as shown below:

During the audit, walk the process train as indicated on the process flow diagrams to understand the plant
process units and the equipment involved. Begin the audit at the treatment plant influent and move toward
the effluent. Complete the audit of the liquid train prior to the audit of the solids train.79
A good way to verify and understand the processing scheme of the site is to compile a hand-drawn PFD
as the first step of site inspection, supported by plant personnel who may highlight any variations from
the ‘as-built drawings’. This information can then later be transferred to an electronically compiled version
e.g. in Microsoft Visio. Different colours and a legend can be utilised, e.g. red to indicate equipment that is
not operational or has been removed or mothballed.

A complementary resource that covers how to
conduct a site inspection at a WWTW is available:
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Treatment Works (WRC Report TT-375- 08,
LA Boyd and AM Mbelu).

77. Continuing Education and Development Inc, note 59
78. New York State Energy Research & Development Authority, 2010, note 47.
79. Continuing Education and Development Inc, note 59.
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If you have access to more advanced WWTW simulation software (e.g. BioWin, Visio, Saspro, et al.),
such models can be developed for the plant using influent characteristics, temperature, historical DO
concentrations, typical aerator speeds, and the measured DO profile.
Staff interviews. Build an understanding of operating and maintenance practices and history, regulatory
and engineering limitations, and operational priorities, and collect suggestions for energy conservation
opportunities. Interviews can help to verify your understanding of energy use, identify limitations to
change, and provide helpful suggestions for energy conservation measures.80 Interview a wide variety of
staff. Multiple interviews will provide different perspectives and may help to identify any misconceptions
about the facility operations.
Ask lots of questions during the site inspection. Common questions may include:81
y Are buildings or processes on the site sub-metered?
y How many electrical feeders are there?
y What is the WWTW’s relationship with the electric utility?
y Does the WWTW have any ongoing capital projects?
y What are the future process challenges facing the WWTW?
y Are there city or regional mandates for renewable energy?
y What is the makeup of the water and wastewater customers who are part of the system?
Gather energy performance data. Fill in gaps in the energy model with field data, which may include
direct measurements using a current meter, tracking average equipment run times of motors throughout
the day, or using a more sophisticated sub-metering system to gather energy use data.82 Equipment
information can also be gathered from equipment tags, e.g. motor sizes, etc.
Benchmark energy performance. Identify useful performance measures and calculate the energy use in
comparison with utility performance data. Examples include: kWh per megalitre per day (MLD) treated,
comparison of peak demand (kW) with peak pumping rates (m3/h), or energy use measures based on
contaminant removal (kWh/kg of COD removed). Performance metrics can be compared internally to
historical data or engineering design criteria, or can be used for external benchmarking when comparing
similar facilities.83
Update the energy use model. Make any improvements and/or corrections in the energy use model
using newly gathered field data and observations. This may include refining assumptions about the load
or time of use for various motors.

80. New York State Energy Research & Development Authority, 2010, note 47.
81. Ibid 80
82. Ibid 80
83. Ibid 80
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Although not part of the processing equipment, building audits can also result in potential EE optimisation
opportunities, such as the use of energy efficient lighting and improvement in heating, cooling and
ventilation practices. Also consider aspects such as plant lighting that can be replaced with energy
efficient lighting.
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Use results from the energy baseline to prioritise field efforts on the most promising areas, typically the
larger motors and energy-intensive processes. Similarly, it may only be necessary, or economical, to collect
field data for the largest equipment. Approximations and assumptions are an acceptable alternative to
field data for smaller systems and motors.

An inventory list confirms
on site the information in
the asset register.

4.5 Inventory of equipment
The purpose of compiling an inventory is to confirm the information received from the municipality asset
register. If done correctly and thoroughly, it will also assist in the subsequent quantification of power
consumption for each of the different plant sections and/or equipment types.
From the information collected during the information-gathering phase, an inventory of equipment/
equipment list including basic load list information can be compiled prior to the site inspection.
This information needs to be verified on site. The following information needs to be verified:
y Is the installed equipment the same as per the as-built information? For instance, if an existing motor
has failed, it may be that it has been replaced with a larger motor that was readily available in the
stores. The larger motor will result in the motor operating at a lower torque than intended and thus
operating less efficiently. More power than is needed is consumed, resulting in increased electricity
costs for the site. It also further increases the risk of the motor overheating, resulting in damage to
insulation material and premature failure of the motor. If the rest of the system was also not designed
to handle the extra power from the larger motor, it will create strain and hence a shorter life for these
items.
y Are all pieces of equipment still on site, or have some been removed?
y Is all equipment that is on site still in operation, or has some been decommissioned?
y Has any additional equipment been installed?
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y Take a photo of all motor tags to serve as proof and a database from which to conduct the energy
balance and perform energy consumption calculations.
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y Determine the coordinates of each piece of equipment. An easy way to do this is by using the
“Coordinates” app on your mobile phone.

64

Guideline for Energy Efficiency Audits at Wastewater Treatment Works

Figure 4-2: Typical image obtained when logging coordinates (venue for Cape Town training session)

4.6 Measurements/data recording
For level 2 and 3 audits, it is necessary to define in more detail how much power is consumed by the
specific pieces of equipment under consideration. Hence, the tagged equipment information alone is not
adequate, since actual power consumed may vary from original design values. It is therefore necessary to
monitor actual field values, either by a once off measurement or by logging operating data over a longer
period.
The measurements taken during a site inspection will vary. It is also important to bear in mind that any
readings taken must be done by a suitably qualified electrician in order to ensure compliance with OHSA.
Prior to doing a site inspection, the choice of power/energy monitoring equipment to be used needs to be
carefully considered. The WWTW configuration must be considered in order to assess the number and
level of sophistication of monitors required to effectively conduct the audits at each plant. The range of
meters currently available varies in price and specification. Highly sophisticated monitors can cost up to
R170 000, whereas monitors in the low specification range can cost less than R1 700.84

The plant laboratory will record data for water and wastewater quality, including COD and SS data. All
water and wastewater testing must take place in a certified laboratory.86
84. Phelan, 2016, note 2.
85. New York State Energy Research & Development Authority, 2010, note 47.
86. Ibid 85
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Much of the process data may be available from the treatment plant or pump station through the SCADA
(supervisory control and data acquisition) system. The SCADA system should be recording flows,
pressures, and the run-time for major equipment. Be sure to obtain as much of this data as possible for
future analysis.85
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The operating speed of any rotating equipment can be verified with a tachometer during the energy audit
site inspection. Confirm that the speed measured by the tachometer matches the speed recorded in the
SCADA system.87
Record the temperature of the process areas. Temperatures that are too hot or too cold may be a reason
for poorly operating equipment.88
Additionally, measure the temperatures of motors and pump bearings to verify the temperatures being
recorded by the SCADA system. Rotating equipment that is operating at temperatures that are too high is
operating inefficiently. This may indicate a need for maintenance or incorrect operation of the equipment.89
Similarly, noise should be measured during the energy audit. Like temperature, extreme noise not only
affects worker health, but is also an indication of equipment performance.90
Pumps are large energy consumers for WWTWs, and usually provide lots of room for improvement.
Record the pump operating points, flow ranges, turndown range of the VFDs, wet-well levels, and the
maximum and minimum wet-well set point possible. Check the actual pump speed and flow versus the
pump curve.91
For buildings, record the number of rooms, square meterage of each room within the building, number of
light fixtures and types, and details of the HVAC system. Record the temperature of all spaces and obtain
the temperature set points for the buildings during summer and winter.92
A data logger can be used to record the start-up sequence for blowers and major pumps, if not available
from the plant SCADA system. Some facilities may have an Electrical Monitoring and Control System
(EMCS). Recording the start-up sequence provides important data to understand start-up loads that have
a large impact on electricity demand charges.93
Typically, the following data will be recorded for every piece of equipment:
y equipment type,
y process,
y treatment type,
y location,
y nameplate hp or kW,
y motor efficiency,
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y average motor operating current,
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y run-time per day,

87. New York State Energy Research & Development Authority, 2010, note 47.
88. Ibid 87
89. Ibid 87
90. Ibid 87
91. Ibid 87
92. Ibid 87
93. Ibid 87
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y run-time per month,
y run-time per year*,
y quality of energy supply,
y average load factor (%)*,
y average electric load (kW)*,
y estimated annual energy use (kWh/a)*,
y estimated annual operating costs (R/a)*,
y wet weather operation+,
y emergency operation+,
y peak dry weather operation+,
y dry weather operation+
* Value may be calculated.
+ Determine whether the equipment operates during this time: yes or no.
It is recommended that a spreadsheet (refer to Annexure E) be compiled prior to the energy audit, listing
all the identified equipment and providing columns in which to record the information listed above for
each piece of equipment. The spreadsheet can also be used to segregate the main equipment with a
higher likelihood for energy saving and to prioritise such equipment.

A single-line diagram defines the
main components of the electrical
infrastructure of the site

4.7 Energy balance/single-line diagram
A single-line diagram is valuable to outline the electrical grid and flow on the site. It is the first step in
allowing you to become thoroughly familiar with the electrical distribution system layout and design in
your facility.

This diagram is essential to track which process units connect to which substations, which will assist in
drawing conclusions and recommendations pertaining to these units and their e-support system.
The main power supply infrastructure for the audit site must also be evaluated. As with the process
evaluations discussed earlier, the electrical infrastructure can also be summarised in single-line diagrams
67
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An effective single-line diagram will clearly show how the main components of the electrical system are
connected, including redundant equipment and available spares. Furthermore, it shows a correct power
distribution path from the incoming power source to each downstream load; including the ratings and
sizes of each piece of electrical equipment, their circuit conductors, and their protective devices.

1
4

Guideline for Energy Efficiency Audits at Wastewater Treatment Works

Figure 4‑3: Typical single-line diagram

to confirm that what is witnessed during the site inspection corresponds with the information received
during the data-gathering phase.

4.8 Energy consumption calculations
As part of the processing of the data received, a number of energy calculations will be conducted by the
auditor to convert the data received to knowledge that can be utilised to formulate EE opportunities.
The basis for any consumption calculations will be the monthly electricity bills received from ESKOM, as
well as the data gathered in previous phases of the audit.

4
3
1

The first step will be to analyse the electricity bills received. These bills can contain different charges and
components, as well as varying rates based on the tariff structure that applies. As mentioned before, the
auditor must ensure that no interest/penalties/adjustments are considered in the total bill and that these
are deducted from the evaluation values. The following typical charges may apply:94
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y Facility charge: fixed charges that are not dependent on electricity consumption or demand. Typically,
facility charges are billed to recover the cost of equipment or other administrative costs.
y Demand charge: a charge based on instantaneous demand, typically averaged over a 15- or 30-minute
period. The demand charge may also be set based on the highest monthly demand or a pre-negotiated
level. The demand charge is usually used to recover the capital costs of electricity generating equipment.
y Electricity consumption charge: the charge for the amount of electricity consumed during the billing
period. The electricity consumption charge may change depending on the time of day.
94. Continuing Education and Development Inc, note 59.
68

Guideline for Energy Efficiency Audits at Wastewater Treatment Works

y Power factor: the ratio of true power (kW) to apparent power (kVA). The power factor is a dimensionless
number between 0 and 1 that measures how effectively electrical power is used. A high power
factor demonstrates efficient utilisation of electrical power, while a low power factor represents poor
utilisation of electrical power. Electric utilities may therefore charge more for a lower power factor.
y Block rates: the price charged for a fixed quantity of electricity. As electricity consumption exceeds
the first fixed amount, successive quantities of electricity or gas have a lower price.
y Time of use rates: an electricity rate schedule where the customer is charged different prices for
electricity consumption or demand based on the time of day and/or season.

Example 1: Electricity charge calculation
Assume a WWTW has a facility charge of R5 000 per month. It has a further demand charge of R140/
kVA, and the metered demand is 6 200 kVA. During the month, 900 000 kWh is consumed at a rate of
R1,40/kWh. Calculate the total electricity charge for the month.
Answer:
Charge Item

Rate

Quantit y

Facility

R5 000

X

1

=

R5 000

Demand

R14 0/kVA

X

6 200 kVA

=

R868 000

Electricity consumption

R1,4 0/kWh

X

900 000 kWh

=

R1 260 000

Total

Cost

R2 133 000

Thus, the total charge for the month in Example 1 would be R2 133 000.
This example could be modified to show the effects of time of use charges, block rates, or
varying demand charges as well.
Some electricity utilities use the power factor to adjust the demand charge. They may set a
minimum power factor, and if the actual power factor is less than the set value the consumer
will pay more.
Formula: Power factor adjusted demand
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[1 + (set PF - metered PF)] x metered demand = power factor adjusted demand
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Example 2: Power factor adjusted demand
Assume that the minimum power factor set by the local electricity utility for our WWTW in the
previous example is 0.93. Further assume that the actual power factor calculated based on the
metered electricity usage is 0.84. Calculate and interpret the power factor adjusted demand.
Answer:
(1 + (0.93 – 0.84)) x 6 200 = 6 758 kVA
Therefore, the WWTW will receive an electricity bill that is higher than the actual electricity
consumed. They are effectively penalised for operating in an energy inefficient way. Rather than
paying for 6 200 kVA, they must pay for 6 758 kVA. Operating more efficiently is therefore an
opportunity to save on your monthly electricity bill. This may serve as an incentive to operate in
a more energy-efficient way.

4.9 Energy benchmarking
The outcomes from the EE audit cannot be looked at in isolation but need to be compared with those
achieved in other facilities, and, more importantly, to sector best practices.
Energy benchmarking is a suitable way of establishing an energy baseline for a WWTW. Setting a baseline
is a convenient way to set energy-related goals or targets, and to track progress toward meeting those
goals/targets over a set time period. An energy benchmark is also a means of comparing WWTWs that
have similar processes.95
Typically, WWTWs can be benchmarked with respect to kWh per megalitre per day treated (kWh/MLD),
as well as additional benchmarks such as kWh per kilogram of COD (kWh/kg COD) removed or kWh per
kilogram of TSS (kWh/ kg TSS) removed.96 Expressing the power consumed per a unit of wastewater
treated, e.g. kWh/MLD, is referred to as the specific power consumption for the WWTW or for the piece
of equipment being evaluated. Reference conditions are important when benchmarking based on inflow
(e.g. drought conditions, diluted inflow due to storm water ingress etc.).
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The DWS Green Drop certification audit is a good example of how energy efficiency benchmarks are used
and improvement incentivised through a national regulatory programme.
Green Drop certification is awarded to WWTWs that obtain scores of 90%+ when compared against the
criteria set for wastewater management. This assists WWTW owners in identifying areas that need to be
improved in order to improve their management of wastewater as part of the incentive-based regulation
approach.
The main criteria categories considered in the Green Drop accreditation are summarised in Table 4-2.

95. Continuing Education and Development Inc, note 59.
96. New York State Energy Research & Development Authority, 2010, note 47.
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Table 4‑2: Green Drop accreditation criteria
No

Criterion

Weighting (%)

1

Operations (process control), maintenance & management skill

10

2

Wastewater monitoring programme

10

3

Wastewater sample analysis (credibility)

5

4

Submission of wastewater quality Results

5

5

Effluent quality compliance

30

6

Wastewater failure -response Management

10

7

Storm water and water demand Management

0

8

Bylaws

5

9

Wastewater treatment facility capacity

10

10

Publication of wastewater management performance

0

11

Wastewater asset management

15

Energy efficiency also forms part of the latest Green Drop assessments, which list the following energy
monitoring aspects under the asset management criteria:
y energy consumption over the last financial year (kWh/day), unit cost and total cost (R/year);
y electricity projections over the next > 3 years (kWh/day) and projected unit and total cost (R/year); and
y calculated electricity unit cost for current year and +1, +2 and +3 years (kWh/m3 wastewater treated).
Energy benchmarks should be calculated based on 12-month averages for electricity consumption and
process performance. However, benchmarks based on a monthly average or a rolling 30-day average are
also possible.97
These types of benchmarks are used universally in EE audits of WWTWs, with typical results observed
summarised in Table 4-3.

Site results must be benchmarked
guidelines such as Specific Power
Consumption (kWh/m3)

97. New York State Energy Research & Development Authority, 2010, note 47.

71

1
4
ENERGY AUDIT
METHODOLOGY

against typical best practice
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Table 4‑3: Comparison of specific energy consumption data98
Reference

Specific energy consumption (kWh/m 3)

Germany WWTW (Husmann, 2009)

0.4

Germany WWTWs (Hao et al., 2015)

0.7

UK WWTWs (Hao et al., 2015)

0.6

Spain WWTWs (Hao et al., 2015)

0.55

The Netherlands WWTWs (Hao et al., 2015)

0.4

China WWTWs (Hao et al., 2015)

0.3 *

(McCarty et al., 2011)

0.6

Large sized plants (Horizon 2020 ENERWATER Project, 2014)

0.13

Small sized plants (Horizon 2020 ENERWATER Project, 2014)

5.5

*Chinese WWTWs generally have a lower energy consumption due to low COD of wastewater, usually
around 300 mg/ℓ against 500 to 800 mg/ℓ of other countries.
Benchmarks that can be used for WWTWs vary depending on the source, but a typical set of benchmark
values and potential savings that could be realised based on EE audits at various sites are summarised in
Table 4-4 below.
Table 4‑4: Best practice benchmarks for WWTWs99
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Facility type

Capacity range
(MLD)

Best practice benchmark
(kWh/m 3)

Average potential
saving (%)

Activated sludge

0 – 4.5

0.673

44

4.5 – 22.7

0.363

34

> 22.7

0.387

23

Aerated lagoon

< 4.5

0.779

51

Oxidation ditch

< 5.5

0.950

37

4.10 Greenhouse gas equivalents
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CO2 eq or carbon dioxide equivalent, is a standard unit for measuring carbon footprints. The idea is to
express the impact of each different greenhouse gas (GHG) in terms of the amount of CO2 that would
create the same amount of warming. That way, a carbon footprint consisting of many different greenhouse
gases can be expressed as a single number.
A similar approach can be followed to convert the power consumed by a WWTW or a single piece of
equipment to an equivalent GHG emission value. Since the majority of power generated in South Africa is
98. Gandiglio et al, 2017, note 46.
99. Cantwell J, Energy Awareness in Wastewater Systems proceedings of A Roadmap to Sustainable Energy Management:
Every Journey Begins with a First Step, WERF, 4 June 2008.
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generated from coal and other fossil fuels, a significant quantity of carbon dioxide is released during the
power generation process. Further inefficiencies in the power distribution process that results in losses
increase the equivalent GHG emission per kWh that eventually reaches the consumer.
GHG emission values for power from the ESKOM grid are 0.99 kg CO2/kWh excluding transmission losses

and 1.03 kg CO2/kWh including transmission losses.100 Thus, for every kWh consumed on a WWTW, 1.03
kg CO2 of greenhouse gas is emitted by ESKOM on behalf of the WWTW.
Thus, for every kWh energy saving achieved by implementing the EE initiative, 1.03 kg CO2 GHG gas
release reduction is achieved. The % GHG emission reduction will thus also be the same as the % kWh
saving realised.
The proposed carbon tax, once implemented, will assist with the quantification of the cost of GHG
emissions and will further benefit EE and RE projects. The Carbon Tax Act, 2018, came into operation on
1 June 2019. The carbon tax is based on three GHG sources:
1.

Fuel combustion: Table 1; Schedule 1 lists numerous “Fuel types” including “Other Biogas”.

2.

Fugitive emissions: Table 2; Schedule 1 lists numerous “Source category activities” but the list
excludes any reference to wastewater treatment or biogas generation by anaerobic digesters.

3.

Industrial process emissions: Table 3; Schedule 1 lists numerous “Source category activity/raw
material/Product” but excludes any reference to wastewater treatment or biogas generation by
anaerobic digesters. This is typically the category of emission where wastewater treatment works
and specifically anaerobic digesters would fall in.

Although the Carbon Tax Act, 2019 will have no direct financial tax implication on WWTWs as it is
currently structured, the carbon tax base will be expanded/adjusted in 2022 and will most probably have
tax implications for WWTWs from 2022. The carbon tax rate that currently applies is R120 per t CO2 eq.
The initial tax effects are being mitigated by various mechanisms, such as the 60% threshold, which could
effectively reduce the rate down to R48/t CO2 eq, or even further by the available mitigation measures

depending on actual carbon emission activity. Effective rates could be reduced to only 5% of the taxable
emissions. Although international carbon trading is active, there has been no trading within the borders
of South Africa to date. Some WWTWs are, however, already obliged to register by the DEA and to comply
with annual reporting requirements on GHG.

100. Sustainable Energy Africa, Guide to Data Collection and Collation for a Greenhouse Gas Inventory, 2017.
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Let’s consider a WWTW that produces 1 t biogas that typically contains 60% CH4 and 40% CO2. Since
1 t CH4 is the equivalent of 23 t CO2, the 60% CH4 is the equivalent of 13.8 t CO2, resulting in a total CO2
emission equivalent of 14.2 t CO2 . If this emission is taxed at R120 per t CO2 eq, the tax amount would
be R1 704 per ton of biogas generated. By simply collecting and flaring the biogas, the bulk of the CH4 is
converted to CO2, typically resulting in an 88% reduction in carbon tax payable.
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4.11 Develop an implementation plan
The purpose of the project implementation plan is to provide stakeholders with the confidence that
accomplishment of a current project has been well considered, and to list the tasks, activities and
processes involved in producing deliverables.
The previous sections focused on the identification of opportunities. This step focuses on how to
implement the identified opportunities. The purpose of this step is similar to a business case (although
not yet bankable at this early identification stage) in that it should communicate to potential stakeholders
exactly what you expect to do, what resources are needed, and what outcomes will result from the
project.101
The specific actions required in this step include the following:102
y list the candidate energy efficiency opportunities chosen for implementation and describe the goals
and objectives of the programme;
y explain the resources needed, including a budget and financing plan;
y develop any specifications needed, including design criteria and procurement-related documents;
y provide any changes in standard operating procedures, and/or process control strategies;
y set the schedule for implementation, including milestones and gaining the necessary regulatory
approvals (if applicable); and
y set realistic expectations for the project in terms of resources required, schedule, procurement
timeframe, and expected results.

The EE audit is of no value
unless an implementation plan
is developed to ensure that EE
objectives are achieved

4
3
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4.12 Progress tracking and reporting
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The success of a project should be measured as it is being implemented. Measurements should focus
on providing performance metrics and the status of the schedule, as well as impacts on operations and
maintenance, process performance, and staff. Performance monitoring should also be communicated
to the right people, including anyone involved in the planning process, the O&M staff responsible for
implementation, and utility management responsible for evaluating the project’s success.103

101. New York State Energy Research & Development Authority, 2010, note 47.
102. Ibid 101
103. Ibid 101
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Example of Gantt chart for a project development schedule

This last step is often overlooked, but critical to creating a sustainable energy management programme
for three main reasons:104
y progress tracking promotes adjustments to an existing programme to improve its chances of success;
y project reporting provides guidance for future decision making and can help to refine planning
assumptions; and
y communicating project results provides valuable feedback for planning and implementation staff,
keeping them interested in the improvement process.
The specific actions required in this step include the following:105
y Assign the responsibility for tracking the progress of a project and reporting on that progress. The
staff responsible for progress reporting should also be allocated the resources necessary to fulfil their
responsibilities.
y Set the performance metrics that will be used.

Keys to success:
y Performance metrics need to be focused so that only those benefits that can be directly attributed to
a project are measured.
y Reporting should generate some follow-up activities to demonstrate a commitment to the project.

104. New York State Energy Research & Development Authority, 2010, note 47.
105. Ibid 104
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y Create a communication plan. The plan should identify who needs to be included in progress reports
(e.g. elected officials, public, etc.), when reports should be made, and any actions that need to occur
in response to reports.

Guideline for Energy Efficiency Audits at Wastewater Treatment Works

4.13 Funding for EE projects
Energy efficient initiatives require relatively high initial capital outlay. The benefit is only evident when
considering the life cycle cost benefit and environmental trade-offs. Funding and financing agents that
oversee projects against the Regional Bulk Infrastructure Grant (RBIG), Municipal Infrastructure Grant
(MIG), Energy Efficiency and Demand Side Management (EEDSM) Grant, Accelerated Community
Infrastructure Programme (ACIP), and Development Bank South Africa (DBSA) funding may benefit from a
more direct interest, incentives and practical means to lead energy efficiency drives by local government.
The United States of America currently has an energy efficient programme to upgrade and refurbish
WWTWs by means of loans with zero interest obligations. Tax write-off incentives in the first year of the
capital cost to reduce electricity demand encouraged municipalities to adopt such initiatives on their
treatment plants.106
The Department of Energy (DoE) and ESKOM introduced Energy Efficient Demand Side Management
(EEDSM) subsidies for wastewater (sewage and industrial) to implement such initiatives, which will
further reduce the electricity demand in the long term. Specific tariff schemes for wastewater treatment
facilities may be provided from ESKOM once a treatment plant has reached a certain percentage energy
efficiency target. The details in terms of the financial implications of alternative tariff price scenarios still
need to be investigated.107
Commitments between DWS, DoE, ESKOM and banks with green philosophies and other stakeholders
could ensure early initiation of energy efficient policies and escalated interest in planning and
implementation. European countries such as the Netherlands are committed to reduce the total energy
demand per annum for the treatment of water and wastewater by 2% until 2030. Such a commitment is a
joint effort entailing everyone understanding and agreeing on the long-term outcome.108
In the South African context, there are structural and institutional barriers “mostly historically inherited,
some intentionally generated to benefit desired interests and some are driven by ignorance and neglect
over time”. The National Energy Efficiency Strategy (NEES) 2015 commits South Africa to a 29% reduction
in energy consumption by 2030 based on energy efficiency improvements.109
This total improvement is based on predicted improvements on a per sector basis. Municipalities reside
under the commercial and public sector. This sector is committed to the following:110
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1.

37% reduction in energy consumption based on efficiency improvements,

2.

37% improvement from commercial buildings,

3.

50% improvement from public buildings,

4.

20% improvement from municipal services, and

5.

30% improvement from the municipal vehicle fleet.

106. Scheepers and Van der Merwe-Botha, 2012, note 51.
107. Ibid 106
108. Ibid 106
109. Department of Water and Sanitation, 2018, note 22.
110. Ibid 109
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The following additional documents provide valuable information on wastewater treatment technologies
and are recommended reading:
Mosvuto E and Ikumi D, Energy Use Reduction in Biological Nutrient Removal Wastewater Treatment
Plants – A South African Case Study, WRC Report No. IT 654/15, March 2016. This report can be found
at the following link:
http://www.wrc.org.za/Knowledge%20Hub%20Documents/Research%20Reports/TT%20654.2.pdf.
New York State Energy Research & Development Authority, Water & Wastewater Energy Management
– Best Practices Handbook, Sept 2010. This report can be found at the following link http://docplayer.
net/2141865-New-york-state-energy-research-development-authority-water-wastewater-energymanagement-best-practices-handbook-march-2010.html.
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5. Performance indicators
PURPOSE AND USERS OF ENERGY AUDIT GUIDELINE

Drivers and need for an energy audit

Module 2

Wastewater treatment and
consumption

Module 3

Conducting and energy audit

Module 4

Quantifying baseline performance
and identifying EE opportunities

Module 5

Compiling an energy audit report

Module 6

Implementing the plan and achieving
targets

Module 7

CASE STUDY 1

FIELD TESTING OF GUIDELINE
CASE STUDY 2

5
4
3
1

After studying this module, the learner will have an understanding of:
1. performance improvement focus areas,
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2. aeration power requirement reductions,
3. pumping power requirement reductions,
4. the calculation of viability of energy efficiency measures implemented, and
5. how to analyse the findings.
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Once the site information has been gathered and processed, EE optimisation opportunities must be
identified. Certain pieces of equipment are historically large consumers and justify some focus, whilst
other smaller motors are present in larger numbers and hence also contribute to overall energy efficiency.
Once opportunities have been identified, their economic viability must also be assessed. The objective
of this module is to understand the impact of the largest energy consuming types of equipment on a
WWTW, understand ways to reduce power consumption by improving operating efficiency, and evaluate
the economic benefit achieved by implementing EE opportunities.
In order to focus on the opportunities that will result in the highest return for the WWTW, it is important to
select the operational activities that utilise the most power. If we consider the typical breakdown of power
consumers in a WWTW in Figure 2-2, the following are the highest energy consumers:
y aeration: 60%,
y pumping: 12% or more, and
y lighting and buildings: 6%.
Thus, these three aspects combined utilise almost 78% of the power consumed on a WWTW, and hence
by focusing on them the largest benefit can be realised.

5.1 Aeration
Energy consumption for the aeration process generally varies between 0.18 and 0.8 kWh/m3 111.
Aeration efficiency is influenced by the following factors:112
y blower inlet air conditions;
y blower condition, wear, seal, bearing and lubrication system maintenance;
y control system accuracy, response time, instrument cleaning and calibration;
y air distribution system sizing, pipes, control valves and flow measurement;
y diffuser condition, type, internal cleanliness and size of bubbles;
y depth of aeration tank, and diffuser floor coverage;
y strength of mixed liquors, upstream treatment and homogeneity, and
y matching of different components in the system.
Potential energy savings expected in aerobic treatment processes are reported:113
y Gains of up to 50% are possible by aligning control parameters with the discharge standard.

111. Gandiglio et al, 2017, note 46.
112. Swartz, CD, Van der Merwe-Botha, M and Freese, SD, Energy Efficiency in the South African Water Industry: A Compendium
of Best Practices and Case Studies, Water Research Commission, Report No. TT565/13, Pretoria, June 2013.
113. Sustainable Energy Africa, Sustainable Energy Solutions For South African Local Government: A Practical Guide, Cape
Town, 2017.
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y Gains up to 25% are reported in activated sludge processes.
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Simple operations and maintenance adjustments that can be considered for existing aeration equipment
with resultant fast tracking in payback periods and reduced energy costs are as follows:114
y Optimise the dissolved oxygen (DO) set point to reduce the amount of blower energy. It’s not uncommon
for systems to operate with DO levels that exceed what is required.
y Adjust the position of DO sensors to provide a more accurate assessment of DO levels.
y Adjust control systems to optimise mechanical mixing and bubble diffusion.
y Implement the most open valve strategy, in which the aeration zone with the highest oxygen demand
is opened fully to reduce pressure at the blowers. DO levels in remaining aeration zones are controlled
by valves that maintain the proper DO set point for each zone.
y Adjust the placement of mechanical mixers for more efficient oxygen transfer.
Energy savings can be gained by designing and operating aeration systems to match, as closely as
possible, the actual oxygen demands of the process. By understanding the oxygen demands of their
receiving wastewater and how those demands vary daily, weekly and seasonally, WWTWs can implement
process and aeration systems control strategies that can ensure long-term efficient energy use.115
Possible upgrading of aeration basin technology includes the following:116
y Upgrade from coarse bubble diffusion to fine bubble diffusion to increase the efficiency of oxygen
transfer and reduce blower load while maintaining proper DO control.
y Install automated DO controls to reduce aeration energy by up to 40% compared to control systems
that use manual sampling. Systems that rely on manual DO sampling often operate at levels that are
much higher than necessary. Installing a DO sensor with integrated aeration control allows levels to be
maintained within a narrower band, thereby reducing blower load.
y Add DO probes to different zones of the aeration basin in order to provide more accurate DO readings
and optimise aeration for each zone.
y A portable DO meter, equipped with an optic sensor (which is not expensive) is more reliable, since
it is not prone to sensor fouling, than online DO meters and should be used on a regular basis to
check online meters. If the reading deviation exceeds a predetermined setpoint, re-calibration of online
meters should be performed.
y Upgrade systems that use mechanical mixing by installing controls that cycle on and off in response
to process control parameters.

5
4
3
1
ENERGY AUDIT
IMPACT OF
PERFORMANCE
INTRODUCTION
INDICATORS
METHODOLOGY
TREATMENT
TECHNOLOGIES

y Retrofit mechanical mixers with variable speed or frequency drives (VSD or VFDs), which adjust the
speed of the mixer motors to match the process needs in real-time. This has a typical simple payback
of two to seven years.
The efficiency of the blower system can be improved through operations and maintenance measures
such as:117
y adjusting controls to optimise blower staging;

114. Sustainable Energy Africa, Sustainable Energy Solutions For South African Local Government: A Practical Guide, Cape
Town, 2017.
115. Mosvuto and Ikumi, 2016, note 54.
116. Sustainable Energy Africa, 2017, note 113.
117. Ibid 116
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y optimising DO set points to allow for blower system flow reduction; and
y finding and reducing obstructions to blower airflow to decrease the pressure in the blower system,
with accompanying energy savings.
Comparative rating of different blower control technologies

Description

Control
method

Efficiency
(5=best)

A. An electronic control that constantly adjusts motor and fan speed.

VFD

5

B. Damper with pie-shaped radial blades located at fan inlet.

VIV

4

C. A damper located at the fan inlet

IBD

3

D. A damper controlling flow that is somewhere else in the system, for
example, not at the fan inlet or outlet.

SD

2

E. A damper at the fan outlet.

OD

1

SD System Damper • IBD Inlet Blow Damper • OD Outler Damper • VIV Variable Inlet Vane
VFD Variable Frquency Drive

Figure 5-1: Blower control methodologies full load power relative to percentage full flow
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Up to 75% of the lifecycle cost of a blower system is attributable to energy use. When replacing an existing
blower system, select a blower appropriate for the application. Typical capital improvements that can be
considered for blower systems are as follows:118

118. Sustainable Energy Africa, 2017, note 113.
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DO monitoring and VSD drives on
aerators can result in significant power
savings by limiting over-aeration.

y Install controls that allow staging of systems that have multiple blowers. Control systems optimise
blower staging based on system requirements.
y Upgrade to a high-efficiency turbo blower system, which uses very high-speed motors and airbearing technology to efficiently produce airflow. Turbo blower systems are typically VSD-equipped
and are capable of providing a range of airflow based on DO sensor feedback. This has a typical
simple payback of 2.5 to 7 years.
y Add VSDs with sensor control to existing centrifugal blower systems to adjust the speed of the blower
to system demand, thereby reducing energy use when oxygen demand is lower. This has a typical
simple payback of two to six years.
y Identify over-sized blowers and investigate purchase of more appropriately sized blowers.

5.1.1 Surface aeration
Aeration is used during secondary and tertiary wastewater treatment processes to remove BOD and
nutrients. There are many types of aeration systems, such as diffused air, jet, or surface aerators.119
In South Africa, surface aerators and fine bubble diffuser systems are the two most commonly used
aeration methods.
The power requirement of surface aerators can be calculated as follows:
Input data required:
Oxygen requirement (O2 req) in kg/day must be known or calculated. Oxygen transfer capacity (OT) in
kg/(kWh) can be assumed as per Table 5-2 below for the type of surface aerator utilised:
Table 5-1: Oxygen transfer capacity
Mechanical aerator type

5
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Oxygen transfer capacity kg /(kWh)
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Low-speed sur face aerator

0.71 – 1.30

Low-speed sur face aerator with draft tube

0.71 – 1.5 4

High-speed floating aerator

0.71 – 1.30

119. Continuing Education and Development Inc, note 59.
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Formula: Mechanical surface aerator power requirement
PMSA=
Where:
PMSA
O2req
OT
eM

(O2req)
24*OT*eM

=
=
=
=

power requirement of a mechanical surface aerator
oxygen requirement (kg/d)
oxygen transfer capacity (kg/(kWh))
motor efficiency (-)

Based on the power requirement and the number of surface aerators selected for the specific application,
a suitable standard motor size for the aerator can be selected. Standard motor sizes are 0.7; 1.5; 2.2; 3; 4;
5.5; 7.5; 11; 15; 18.5; 22; 30; 37; 45; 55; 75; 90; 110; 132; 160; 200; 250 and 315 kW.

5.1.2 Fine bubble aeration
Diffused air or fine bubble aeration systems are very common due to their process efficiency, but they are
typically very energy intensive. These aeration systems typically use blowers. Checking the blower kW
rating will be useful during an energy audit of a WWTW.120
The power requirement of blowers can be calculated as follows:
Formula: Air blower power requirement based on volumetric air flow
PW =
Where:
PW
Qair
P1
P2
eM
eB

17.4eMeB

=
=
=
=
=
=

[( ) ]
P2

Qair P1

0 .283

-1

P1

power (kW)
air flow at ambient conditions (m /min)
inlet absolute pressure (kPa)
outlet absolute pressure (kPa)
motor efficiency (-)
blower efficiency (-)

Formula: Air blower power requirement based on air mass flow
PW =

8.41eMeB

=
=
=
=
=
=
=
=

P1

0 .283

-1

1
5

power (kW)
air flow (kg/s)
gas constant (8.314 J/(mol.K))
ambient temperature (K)
inlet absolute pressure (kPa)
outlet absolute pressure (kPa)
motor efficiency (-)
blower efficiency (-)

120. Continuing Education and Development Inc, note 59
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Where:
PW
W
R
T1
P1
P2
eM
eB

[( ) ]
P2

WRT1
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Example 3: Aeration power requirement
A WWTW treats 10 MLD of wastewater entering at a COD of 840 mg/ℓ and having to be released at
75 mg/ℓ. Determine the power requirement for both surface and fine bubble aeration systems for this
case, if the following applies:
•

blower discharge pressure to be 400 kPag,

•

atmospheric pressure is 85 kPaa,

•

a high-speed floating aerator with OT = 1.05 kg/(kWh),

•

mass % oxygen in air = 23.3% (volume % = 21%),

•

ambient temperature = 22 °C, and

•

blower Efficiency = 0.7.

Answer:
Oxygen required:

CODin - CODout = 840 - 75 = 765 mg/ℓ = 0.765 kg/m3 treated
0.765 kg/m3 x 10 000 m3/day = 7 650 kg/d = 318.75 kg O2/h

Air required:

318.75 k O2/h / 0,233 = 1 368 kg air/h = 0.38 kg/s

Surface aerator power = 318.75 kg/h / (1.05 kg/(kWh) x 0.925) = 328 kW
Assume six surface aerators = > 54.7 kW per aerator = > nearest larger standard size = 55 kW
So total installed power = 330 kW
Blower power

= (0.38 kg/s x 8.314 J/(mol.K) x 295 K)/(8.41 x 0.7 x 0.925) x ((485/85)0,283 - 1)

		

= 109 kW

Assume two blowers operating = 54 kW required per blower
As per good practice, install one motor size larger = > 75 kW per blower with two operating and one on
standby = > 225 kW installed power.

5.2 Pumping

5
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Pumping contributes to the energy profile for both wastewater treatment plants and pump stations.
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The efficiency of pumps can vary significantly based on the efficiency of the pump, drive and motor
selected. The total efficiency achieved is the product of the individual components used, i.e. the efficiency
of each of the three components is multiplied by each other to determine the total efficiency. Therefore,
if one component has a very low efficiency it will bring the overall efficiency of the pump down. Thus,
the selection of an energy efficient pump can provide significant energy efficiency benefits. Likewise,
replacing an old inefficient motor with a high efficiency motor can improve the efficiency of the existing
system significantly. Typical energy efficiencies that can be expected are summarised in Table 5-2 below.
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Table 5-2: Pump system efficiency121
Component

Efficiency range %

Low

Average

High

Motor

85 - 95

0.85

0.90

0.95

Drive

20 - 98

0.20

0.60

0.98

Pump

30 - 85

0.30

0.60

0.85

0.05

0.32

0.79

System efficiency

In the above cases, total pump system efficiency can vary between 5 and 79%.
There are many different types of pumps and the topic is too extensive to discuss in this guideline.
However, during an energy audit, checking the pump sizing will be useful. Pumps should be operating at
their best efficiency point (BEP) for maximum efficiency.
It is assumed that the reader is familiar with how to read a pump curve and use the pump affinity laws.
Alternatively, the reader can watch one of the various videos on YouTube, e.g. at:
https://www.youtube.com/watch?v=VuD1yuvB5mg
https://www.youtube.com/watch?v=fiJeOLkLV5I

Selection of an energy efficient
pump can provide significant energy
efficiency benefits.

Formula: Calculating pump hydraulic power
qρgh
Ph= 3,6*106
Where:
Ph
q
ρ
g
h

=
=
=
=
=

hydraulic power (kW)
flow rate (m3/h)
density of fluid (kg/m3)
gravity (9.81 m/s2)
differential head (m)

1
5

Where:
Ps
=
Ph
=
η
=

shaft power (kW)
hydraulic power (kW)
pump efficiency

121. Cantwell, 2008, note 99.
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Formula: Calculating pump shaft power
Ph
Ps= η
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The duty point is the point where the pump curve and the system curve intersect. If nothing changes, the
centrifugal pump will pump at this point. Hopefully this will be within 10% of the pump’s best efficiency
point (BEP).122 The best efficiency point is defined as the flow at which the pump operates at the highest
or optimum efficiency for a given impeller diameter123, and in a perfect world this is the point at which you
want to operate the pump. In reality, the pump will never operate at exactly this point.
If the pump curve does not intersect the system curve at or near the BEP, you can:124
y adjust the pump speed by using a variable frequency drive (VFD), and
y adjust the system curve by throttling the system curve.
Typical operations and maintenance measures that can be considered to improve pumping system
efficiency, which can deliver a simple payback of less than a year, are as follows:125
y Determine pump system efficiency over the range of pumping requirements and stage pumps for
optimum energy use.
y Adjust basin fluid levels to decrease pump head and reduce pump load. Wet-well levels can be raised
in pumping stations to reduce pump head.
y Identify and adjust poorly calibrated valves that decrease pump efficiency.
Pumping accounts form as much as 67% of the energy used to operate a typical municipal treatment
facility (water and wastewater). Improvements can substantially reduce facility energy use and costs.
Typical capital improvements measures that can be considered to improve pumping systems are as
follows:126
y Install VSDs on pumps that move varying volumes of fluid to adjust speed to match pumping demand
in real-time. When less pump flow or pressure is required, pump speed and accompanying energy use
will be reduced.
y Replace worn or inefficient pumps with new, high-efficiency pumps that use less energy and operate
with less maintenance and downtime.
y Oversized pumps that operate at constant flow are good candidates for impeller trims. Trimming the
impeller is frequently a lower-cost alternative to making larger capital investments in pumps, motors
or control technology.
y Install different sized pumps in new plants or during plant expansion. As seasonal flows change,
controls can bring different pump combinations online to match the pumping need.
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y Improve piping and valves to decrease friction losses.
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122. Mc Nally Institute, Duty Point, accessed 22 August 2018 from:
http://www.mcnallyinstitute.com/18- html/18-3.html
123. Jennings B, Some Effects of Operating Pumps Away from Best Efficiency Point, accessed 22 August 2018 from: http://
empoweringpumps.com/some-effects-of-operating-pumps-away-from-best-efficiency-point/
124. Mc Nally Institute, Duty Point, accessed 22 August 2018 from:
http://www.mcnallyinstitute.com/18- html/18-3.html
125. Sustainable Energy Africa, 2017, note 113.
126. Ibid 125

88

Guideline for Energy Efficiency Audits at Wastewater Treatment Works

Example 4: Pump power requirement
A pump is required for pumping 100 m3/h of sewage at a differential pressure of 5 bar. The combined
pump and motor efficiency is 45%. Calculate the power requirement and recommend an installed motor
size. What would the impact be if the combined pump and motor efficiency increases to 65%?
Answer:
Differential head:
Hydraulic power:

5 bar x 100 kPa/bar / 9.806 = 50.99 m
(100 m3/h x 1 000 kg/m3x 9.81 m/s2 x 50.99 m) / (3.6 x 106)

			

= 13.89 kW

Shaft power: 		

13.89 kW / 0.45

			

= 30.88 kW

Next standard motor size is 37.5 kW.
As per good practice, install one motor size larger => 45 kW.
Improved efficiency:

13.89 kW / 0.65

			

= 21.37 kW

Next standard motor size is 22 kW.
As per good practice, install one motor size larger => 30 kW. Thus a 15 kW (33 %) power saving per pump
can be realised.
Potential energy savings expected in pumps and pumping equipment on WWTWs are in the order of 5 to
30% of the total plant’s power demand:127
y 5 to 10% savings can be realised by improving existing pumps,
y 3 to 7% savings can be realised through improvement to new pumping technology (pump technology
is generally mature),
y gains up to 30% are possible through maintenance improvement and closer matching of pumps to
their duties (such as using VSDs), and
y more complex and large-scale pumping energy savings are feasible but frequently show marginal
payback using current financial analysis.
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5.3 Anaerobic digestion

y adjusting existing digester mixing systems to use the minimum number of mixers possible for
adequate mixing of influent and a high volume of gas;
y optimising mixer speed in systems with VSD-controlled motors to reduce energy use while maintaining
a high output of digester gas;
127. Sustainable Energy Africa, 2017, note 113.
128. Ibid127

89

PERFORMANCE INDICATORS

Anaerobic digestion accounts for some 14% of the energy used at a typical activated sludge WWTW.
The efficiency of the digester mixing (reducing energy demand and improving digester gas yields) can
typically be improved by:128
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y replacing mixing systems that are not functioning correctly or that are operating inefficiently with
higher-efficiency systems;
y upgrading existing systems such as gas lance or draft tube systems to a linear motion mixing system;
and
y running mixers intermittently, taking off-peak periods into consideration in the scheduling.129

5.4 Load shifting opportunities in WWTWs
While municipalities can realise energy and financial savings from energy efficiency interventions in the
wastewater treatment system, load shifting holds an additional significant financial saving. Financial
savings of up to 40% can be realised by running the water pumps and reservoirs during off-peak hours,
when electricity costs are substantially less.130 Pumping stations can operate at their highest possible
capacity during off-peak periods in order to build reservoir capacity. During peak electricity demand
periods, the lifting station would be sufficiently empty to switch off some of the load.
Additionally, considering RE options such as solar PV can assist with ‘peak shaving’ by supplying
renewable energy from these sources during the expensive peak demand periods, thus reducing the
electricity cost significantly.
In WWTWs, load shifting cannot be done in the pre-treatment chambers, as they have to operate 24
hours a day. Flexibility exists in the aeration and mixing chambers, which can be switched off for a longer
period of up to 12 hours. Load shifting can therefore be focused on this section of the treatment facility.
Load shifting can be done more easily in a plant with VSDs than in one without. It might not be possible to
switch off all extra pumping manually, but VSDs can be used to over-aerate the effluent during off-peak
periods and then be switched off during peak hours or periods of constrained electricity supply.131
For load shifting to be effective, municipalities or wastewater utilities will have to do the following:132
y install meters to monitor the exact operation of the aerators (real-time metering) and an energy
management system;
y draft detailed designs of load shifting opportunities: identify units with high energy consumption
during maximum demand periods when high tariffs apply and shift work periods to time spans when
lower tariffs apply;
y maintain supply MVA against set point MVA and load shed when exceeding set point;
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y gather dissolved oxygen data from the wastewater plants to determine how the aerators typically
aerate the plant i.e. whether they over, under or just aerate to the required level; and
y improve lighting and air conditioning efficiency in offices and control rooms.
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129. Continuing Education and Development Inc, note 59.
130. Sustainable Energy Africa, 2017, note 113.
131. Ibid 130
132. Ibid 130
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Financial savings of up to 40% can be realised
by running the water pumps and reservoirs
during off-peak hours

5.5 Lighting and buildings
The proper selection and efficient use of office appliances (computers, printers, kettles, etc.) and
systems (heating, ventilation and air conditioning (HVAC), lighting, etc.) contribute to reducing electricity
consumption.
Installing lighting control systems (motion and lux level sensors)133 will reduce lighting costs. It will
automatically switch off lights when there are no people in areas of the building and will control the level
of electrical lighting used as natural lighting increases and decreases.
Fit for purpose lighting needs to be considered. For example, in the case of plant lighting, consider
replacing mercury vapour lights with high-pressure sodium lights or LEDs that operate on around a third
of the power. LED lights have more than double the life span.134
By replacing antiquated equipment such as old inefficient air-conditioning systems or non-energy
efficient lighting with new energy-efficient units, significant power savings can be realised.
The condition of the building is another factor. For example, broken windows or damaged ceilings can
result in added inefficiencies in the utilisation of the HVAC system, since heat will be lost faster. These
problems need to be identified.

5.6 Ways to improve motor efficiency
5.6.1 Conversion to energy efficient motors
Electrical motor efficiencies are classified according to an International Efficiency (IE) class into classes
IE1, IE2, IE3 and IE4.
The IE rating refers to the minimum efficiency of the motor at full load. The ratings are defined by IEC/EN
60034-30-1: 2014, a worldwide energy efficiency classification system. It applies to single-speed, threephase, 50 and 60 Hz induction motors.135

134. Sustainable Energy Africa, 2017, note 113.
135. McKenzie I, “What Are The Differences Between IE4 and IE3 Motors?”, accessed 22 August 2018 from:
https://www.quora.com/What-are-the-differences-between-IE4-and-IE3-motors
136. Ibid 135
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Figure 5-2 is a graph of the minimum efficiency vs. motor power rating. This graph applies to four-pole
50 Hz motors only. It can be seen that the higher the IE rating of the motor, the more efficient the motor.
Furthermore, the higher the motor power, the higher the mandated efficiency.136
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Figure 5-2: Comparison between different motor types’ energy efficiencies
Values for
4-pole motors,
50 Hz

Efficiency (%)

IE4
IE3
IE2
IE1

Power (kW)

Thus, conversion from old IE1-type motors to more energy efficient motors in the IE3 or IE4 class will lead
to significant power savings being realised.

5.6.2 Installation of variable speed drives
Electric induction motors run at fixed speeds and are ideally suited to applications where a constant
motor output speed is required. However, most motor applications in WWTWs have some kind of varying
demand such as varying flow rates required from blowers and pumps.137
The principle on which a variable speed drive (VSD) functions is to convert the incoming electrical supply
from a fixed frequency and voltage into a variable frequency and variable voltage that is output to the
motor, with a corresponding change in the motor speed and torque. The motor speed can be varied
from zero rpm through to typically 100-120% of its full rated speed, while up to 150% rated torque can be
achieved at reduced speed. The motor may be controlled in either direction.138
VSDs applied to alternating current (AC) induction motors are by far the most common. Their basic design
consists of four elements:139
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1.

Rectifier: the rectifier changes the incoming AC supply to direct current (DC). Different designs are
available and these are selected according to the performance required of the VSD. The rectifier
design will influence the extent to which electrical harmonics are induced on the incoming supply. It
can also control the direction of power flow.

2.

Intermediate circuit: the rectified DC supply is then conditioned in the intermediate circuit, normally
by a combination of inductors and capacitors. The majority of drives currently in the marketplace use
a fixed-voltage DC link.

3.

Inverter: the inverter converts the rectified and conditioned DC back into an AC supply of variable
frequency and voltage. This is normally achieved by generating a high frequency pulse width
modulated signal of variable frequency and effective voltage. Semiconductor switches are used to
create the output. Different types are available, the most common being the Insulated Gate Bipolar
Transistor (IGBT).

137. Carbon Trust, Variable Speed Drives – Introducing Energy Saving Opportunities For Business, London, Nov 2011.
138. Ibid 137
139. Ibid 137
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4.

Control unit: the control unit controls the whole operation of the VSD; it monitors and controls the
rectifier, the intermediate circuit and the inverter to deliver the correct output in response to an
external control signal.

Application to fans/blowers: Although dampers are often used to regulate the output of blowers,
reducing the speed of the blower is a much more energy-efficient method of achieving the same effect.
With damper control, the input power reduces as the flow rate decreases; however, under VSD control,
the power reduction is far more dramatic. The variable torque characteristic of the blower means that the
relationship between the flow and the speed of the blower is such that the input power reduces in a cube
law relationship with the speed reduction, as shown in the graph.140
Figure 5-3: Blower power: flow regulated by damper vs. speed reduction
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Application to pumps: Like blowers, using a VSD to control the flow rate from a pump, rather than
using simple throttle control, can result in large power (and therefore cost) savings. This is illustrated
in Figure 5-4, where the broken line indicates the power input to a fixed-speed motor and the solid line
indicates the power input to a VSD. The shaded area represents the power saved by using a VSD for a
given flow.141
In a similar way to using damper control in fan applications, using throttle control for pumping applications
results in a drop in pump efficiency, whereas the efficiency remains higher when the output is regulated
by speed control.142

141. Ibid 140
142. Ibid 140
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140. Carbon Trust, Variable Speed Drives – Introducing Energy Saving Opportunities For Business, London, Nov 2011.
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Power (%)

Figure 5-4: Pump power saving: flow regulated by throttle valve vs. speed reduction
100
90
80
70
60

Power saved

50
40
30
20
10
0

0

10 20 30 40 50 60 70 80 90 100
Flow rate (%)

Fixed speed power input

Fixed speed power input

Example 5: Estimating savings from VSDs
A fixed speed pump operates 7 200 hours per annum at 1 450 rpm delivering 100 m3/hr against a pressure
head of 50 m. It is possible to reduce the flow demand by 20% for 70% of the operating time. Calculate the
associated energy saving potential and the electrical cost savings, given an electrical price of R1,80/kWh.
Answer:
Hydraulic power:

(100 m3/h x 1 000 kg/m3 x 9.81 m/s2 x 50 m) / 3.6 x 106)

			

= 13.61 kW

Reduced flow rate:

= (1 – 0.2) x 100 m3/h = 80 m3/h at flow reduction ratio of 0.8

Apply affinity laws:
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New operating head:

= (0.8)2 x 50 = 32 m

New power absorbed:

= (0.8)3 x 13.61 kW = 6.97 kW

Power saving calculation:
Current power consumed: = 7 200 h x 13.61 kW = 98 000 kWh
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New at full flow:

= 30% x 7 200 h x 13.61 kW = 29 400 kWh

New at reduced flow:

= 70% x 7 200 h x 6.97 kW = 35 123 kWh

Revised power consumed: = 29 400 kWh + 35 123 kWh = 64 523 kWh
Power saving:

= 98 000 kWh - 64 523 kWh = 33 477 kWh

Cost saving:

= 33 477 kWh x R1,80/kWh = R60 258/annum
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LIMITATIONS OF VSDS:
There are some limitations to using VSDs for specific applications. These should be taken into account
before making the decision to change to variable speed control.
No flow conditions: A VSD-controlled pump cannot deliver the same function as a control valve at no
flow or near zero flow conditions. A control valve can, and generally does, serve as a first line of defence
as a shut-off valve and for back-flow prevention. If a throttling valve is not used, the process designer will
have to consider using an automated auxiliary valve on the pump discharge that will close when a no-flow
condition is required.143
High-speed response: While VSDs offer a dynamic response to changing operating conditions, some
specialist applications require a near instantaneous response, for example, to flow rates. This can only be
achieved through the use of a properly selected control valve.144
Full-load conditions: In well-optimised applications where the process demand may already closely
match the full-load capacity of the motor, use of a VSD with its associated energy losses would only add
to the overall system losses.145
Space limitations: VSDs require significant space in an MCC panel. Installation limitation is usually that
a completely new panel is required, as existing space is limited.
Equipment speed limitations: some equipment is not designed to operate at reduced speeds, for
example some air compressor types, and could be damaged if operated at a reduced speed. Check with
equipment suppliers to ensure the equipment is compatible with variable speed operation.146

5.7 Energy efficiency measures viability
One of the purposes of an energy audit is to determine what energy efficiency measures could be
implemented at the WWTW. Determining the economic viability of an EEM is therefore crucial. When
compiling a list of EEMs, the life cycle costs of each option should be considered. A life cycle cost
analysis (LCCA) is the total cost of an energy efficiency measure including the capital cost, operation and
maintenance costs, and disposal costs. The following equations are useful for developing the cost of an
EEM.147
Simple payback period (SPP): The length of time, in years, needed to recover the capital investment.148
SPP =

(Initial capital cost)
(Annual cost savings)

			

=

simple payback period (years)

Initial capital cost

=

R

Annual cost savings

=

R/annum

143. Carbon Trust, Variable Speed Drives – Introducing Energy Saving Opportunities For Business, London, Nov 2011.
144. Ibid 143
145. Ibid 143
146. Ibid 143
147. Continuing Education and Development Inc, note 59.
148. Ibid 147
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Example 6: Simple payback period calculation
For the VSD saving in example 5, calculate the SPP if a 11 kW motor and VSD is used to replace the old
motor at an installed cost of R53 000?
Answer:
SPP = R53 000 ÷ R60 258/annum = 0.88 years or approximately 10.5 months
Life cycle cost (LCC): LCC analysis considers the initial cost of the project as well as all of the costs and
benefits over the lifetime of the project. The LCC approach incorporates the time value of money, the
volatility of utility costs, and other factors such as operation and maintenance or other costs.149
LCCSavings

= LCCCurrent- LCCNew

Where:
LCCCurrent

= ∑ Annual CostsCurrent - ∑ Annual SavingsCurrent

LCCNew		

= Capital Cost + ∑ Annual CostsNew - ∑ Annual SavingsNew

Net present value (NPV): The present value of a future investment. This is also known as net present
worth150. A positive NPV indicates that a project will be a good investment compared to the interest rate
(rate of return) against which it is measured, whereas a negative NPV indicates that the project will make
a loss.
T
Ci
NPV
= -C0+
(1+r)i

∑
i=1

Where:
NPV

=

net present value (R)

-C0

=

initial investment (R)

Ci

=

cash flow (R/annum)

T

=

time period

r

=

interest rate

Example 7: Net present value calculation
A capital investment of R500 000,00 is required to realise annual power savings of R150 000,00 in a
WWTW over a 5-year period. At a 10% interest rate, calculate the NPV for the project.
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Answer:

ENERGY AUDIT
IMPACT OF
PERFORMANCE
INTRODUCTION
INDICATORS
METHODOLOGY
TREATMENT
TECHNOLOGIES

NPV = -R500 000 + (R150 000 ÷ (1+0.1)1) + (R150 000 ÷ (1+0.1)2) + (R150 000 ÷ (1+0.1)3) +
(R150 000 ÷ (1+0.1)4) + R150 000 ÷ (1+0.1)5))
= R68 618,02
NPV can also be easily calculated in a spreadsheet using the built-in NPV function. This is done as follows
(note that the reference shown in the examples is copied from an Excel spreadsheet and refers to the cell
names from that spreadsheet):
149. New York State Energy Research & Development Authority, 2010, note 47.
150. Continuing Education and Development Inc, note 59.
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Interest Rate

10%

Year

Cash Flow

0

-R 500 000,00

NPV(rate,value1,[value2},…..)

1

R 150 000,00

Rate		

in cell F2

2

R 150 000,00

3

R 150 000,00

Value Range

in cells C3:C8

4

R 150 000,00

5

R 150 000,00

NPV

R 62 380,01

An inherent assumption in the manual equation is that the expense is incurred in year 0 and the returns
are from year 1 onwards. The Excel formula, however, assumes expense in year 1 and returns from year 2
onwards, hence the slightly different value obtained. Thus, the calculation executed by Excel is as follows:
NPV

=

(-R500 000 ÷ (1+0.1)1) + (R150 000 ÷ (1+0.1)2) + (R150 000 ÷ (1+0.1)3)

		

+ (R150 000 ÷ (1+0.1)4) + (R150 000 ÷ (1+0.1)5) + R150 000 ÷ (1+0.1)6))

=

R62 380,01

Internal rate of return (IRR): the annual growth rate of a project. A higher IRR means that the project is
more desirable. The IRR is the rate of return that makes the NPV equal to zero.151 Because of the nature of
the formula, however, IRR cannot be calculated analytically and must instead be calculated either through
trial-and-error or using software programmed to calculate IRR. Generally speaking, the higher a project’s
internal rate of return, the more desirable it is to undertake. IRR is uniform for investments of varying types
and, as such, IRR can be used to rank multiple prospective projects on a relatively even basis. Assuming
the costs of investment are equal among the various projects, the project with the highest IRR would
probably be considered the best and be undertaken first.152
n

NPV

=

∑
t=1

CFt

(1 + IRR)t

– I0 =0

Where:
-I0

CFt
t
IRR

=
=
=
=

initial investment (R)
cash flow (R/annum)
time period
internal rate of return

The economic calculations should also include the value of any renewable energy credits (RECs) that may
be available. Programmes associated with renewable energy credits may be a source of grant funding or
tax incentives for installing EEMs.153

152. Investopedia LLC, Internal Rate of Return – IRR, accessed 22 August 2018 from:
https://www.investopedia.com/terms/i/irr.asp
153. Continuing Education and Development Inc, note 59.
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Example 8: Internal rate of return calculation
For the case in Example 7, calculate the IRR.
To manually calculate IRR is an iterative process as mentioned above. As a first step, calculate the NPV
in a spreadsheet as per Example 7:
NPV
=
		
=

-R500 000 + (R150 000 ÷ (1+0.1)1) + (R150 000 ÷ (1+0.1)2)
+ (R150 000 ÷ (1+0.1)3) + (R150 000 ÷ (1+0.1)4) + R150 000 ÷ (1+0.1)5))
R68 618,02

Fill the interest/return rate used into a cell that is used in the formula (note that the reference shown in
the examples is copied from an Excel spreadsheet and refers to the cell names from that spreadsheet):
Year

Cash Flow

0

-R500 000,00

1

R150 000,00

2

R150 000,00

3

R150 000,00

4

R150 000,00

5

R150 000,00

IRR guess

10%
R68 618,02

Using the Goal Seek functionality under Data/What-if Analysis/Goal Seek in Excel, select the following
parameters:

5
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Set cell: is the cell in which the currently calculated NPV is shown;
To value: must be set to 0
By changing cell: use the cell currently used with the interest/return %.
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When clicking OK, goal seek will adjust the IRR cell value until an NPV of R0,00 is calculated.
Year

Cash Flow

0

-R500 000,00

1

R150 000,00

2

R150 000,00

3

R150 000,00

4

R150 000,00

5

R150 000,00

IRR

15%
R0,00

As with NPV, the IRR can easily be calculated in a spreadsheet using the built-in IRR function.
This is done as follows:
Year

Cash Flow

0

-R500 000,00

1

R150 000,00

2

R150 000,00

IRR (values)

3

R150 000,00

Value Range

in cells C3:C8

4

R150 000,00

5

R150 000,00

IRR

15%

5.8 Analysing findings
Completing a process energy audit paints a vivid picture of the energy use at a WWTW. The data collected
will identify where energy is being consumed and how it is being consumed. It lays the groundwork for a
future energy management programme to optimise energy use. Data should be collected in a spreadsheet
program for further analysis and graphing.154
Among the calculations and graphs in the spreadsheet should be:155
y total electricity use per year and the associated costs;
y a breakdown of the total energy use by process, treatment regime, building, and for various flow
conditions;
y a bar chart showing the energy benchmarks for a period of months or years;

y a table of possible energy efficiency measures, their costs, time to implement, and the excepted energy
savings.

154. Continuing Education and Development Inc, note 59.
155. Ibid 154
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y a graph of the energy use and process data versus time to analyse trends, patterns, and the effects of
weather; and
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During the energy audit, the engineers or process controllers completing the audit should look for some
of the common methods of saving energy as they are completing their work. Often these changes can be
implemented without additional capital investment. Possible energy savings tips for water or wastewater
treatment plant and pump stations include:
y ensuring pumps operate at the best efficiency point;
y changing pump wet-well set points as low wet-well levels translate to a higher static head, which
means greater pump power;
y identifying areas where peak demand can be trimmed or shifted;
y shifting peak energy loads to off-peak hours;
y staggering/spreading out equipment/motor start-ups to avoid spikes in electricity demand; and
y developing an operational strategy to minimise pumping, aeration, or other system operations with
high power demand during periods of peak electrical demand or peak electricity consumption.
Energy saving methods that require further engineering analysis include:156
y developing a calibrated treatment plant process model to simulate plant performance and predict
energy use during different scenarios;
y modifying control strategies to monitor energy performance of key processes and systems, and
properly schedule equipment run-times;
y installing premium-efficiency motors and variable frequency drives;
y reducing the energy required for aeration by using fine bubble diffusers to improve oxygen transfer
efficiency (OTE) or using cyclic aeration;
y installing dissolved oxygen (DO) probes to allow process controllers or an automated control system
to adjust blower systems in real-time;
y installing more reliable DO meters; the latest DO meters have optical sensors that are maintenancefree (only surface cleaning) for up to two years compared to previous meters (without the need for
membrane electrolyte replacement);
y implementing dose pacing instead of flow pacing for ultraviolet (UV) disinfection systems;
y purchasing smaller, more efficient equipment;
y generating power on-site and using this power source during periods of peak power demand;
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y installing a combined heat and power (CHP) system or gas-driven generator that uses biogas from
anaerobically treated wastewater sludge; and
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y installing solar panels or wind turbines to offset purchased power.

156. Continuing Education and Development Inc, note 59.
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6. Compiling an audit report
PURPOSE AND USERS OF ENERGY AUDIT GUIDELINE

Drivers and need for an energy audit

Module 2

Wastewater treatment and
consumption

Module 3

Conducting and energy audit

Module 4

Quantifying baseline performance
and identifying EE opportunities

Module 5

Compiling an energy audit report

Module 6

Implementing the plan and achieving
targets

Module 7

CASE STUDY 1

CASE STUDY 2

6
1
COMPILING AN AUDIT REPORT
INTRODUCTION

After studying this module, the learner will have an understanding of:
1. the typical structure of an EE audit report, and
2. what aspects are to be addressed in which section of the audit report.
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The EE audit report is the final product that is used to sell the findings made to management and to
convince them to invest in the proposed projects. The proposals made may be excellent but if the report
is not compiled in a way to sell them to management, they will not receive the required attention and
investment. The objective of this module is to provide a typical report lay-out for the EE audit report and
to highlight typical aspects of the report and what information is to be included in which section of the
report.
The energy audit report should provide an in-depth informative overview of the energy use at the WWTW
and/or pump station(s). Typically, the report will have the following sections:
y front page,
y executive summary,
y introduction,
y existing processes,
y audit findings and benchmarking,
y energy efficiency measures,
y recommendations and further work
y conclusions,
y references, and
y appendices.

6 .1 Front page
The front page is the face of the report and will create a lasting impression on the reader. Necessary
information such as the title, address, owner of the plant, authors and their competencies or designation,
date and relevant company logos needs to be displayed. The impact of a representative image must not
be understated, as a visual impression speaks a thousand words. This image could be of the plant, some
process units, a device or graph that depicts energy use or reduced consumptions, etc.

6.2 Executive summary
An executive summary, or management summary, is a short document or section of a document, produced
for business purposes, that summarises a longer report or proposal or a group of related reports in such a
way that readers can rapidly become acquainted with a large body of material without having to read it all.

It is also important that it includes a clear recommendation and summarises the benefit/impact of the
recommendation/opportunity, e.g. saving of 20% of the existing energy use = xx kVA or kWh = Rand = and
15% reduction in GHG through efficiency measures.

6.3 Introduction
The Introduction is a very important section of any document, including a report. Readers have a need to
know some basic things about a report before they begin reading it.
157. Continuing Education and Development Inc, note 59.
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The executive summary should include a brief description of the facility, history, and scope of the energy
audit, as well as the time period when the energy audit occurred. Additionally, this section should include
a summary of any energy efficiency measures to be taken and a summary of the energy benchmarks.157

Guideline for Energy Efficiency Audits at Wastewater Treatment Works

In this section, describe the site, location, treatment processes, design, average and peak flows, as well
as the local population that relies on the facility. Also, include the contact information for the energy team
or key decision makers at the water or wastewater utility. Describe the municipality’s motivations for
completing an energy audit.158
The Sustainable Development Goals (SDGs) are a universal call to form partnerships to end poverty,
protect the planet and ensure that all people enjoy peace and prosperity. They are interconnected and are
implemented in terms of national development priorities. More information on this topic can be found on
the South African SDG Hub at https://sasdghub.org/about/.
Also incorporate some regional and/or global perspectives to show that the auditor is aware of the wider
implications or national goals, e.g. SDGs, GHG goals, etc. Some of these open opportunities to green
funding and the like, and the audit report has to set the context as the basis for the development of a
bankable business plan.
Therefore, the contents of the EE audit report must be compiled in such a way that it supports the
development of the standard contents of a business plan, which are:
y executive summary,
y background,
y overview,
y general company description,
y opportunity description,
y industry and market,
y strategy,
y team,
y marketing plan,
y operational plan,
y financial plan, and
y appendices, which will likely include the audit report.

6.4 Existing processes

6
1

This section should include an overall plant performance summary, as well as a list of all plant equipment,
indicating which process uses the equipment, how often it operates, and how much energy the equipment
consumes during different flow conditions.
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Also, provide information on the buildings such as building occupancy, construction type, lighting
systems, HVAC systems and security systems, and include a site map and/or relevant photos.159 A PFD is
an important visual element of this section, as it needs to tie in with the single-line network diagrams in
the following sections.

6.5 Audit findings and benchmarking
Describe the historical energy consumption and costs, and compare them to the current energy
benchmarks and energy-use analysis. The energy consumption should be provided for the whole
treatment plant or pump station, and broken down by process, if possible.160
158. Continuing Education and Development Inc, note 59.
159. Ibid 158
160. Ibid 158
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The findings can also be summarised in an energy efficiency implementation diagram, as per the example
in Figure 6-1.
Figure 6‑1: Energy efficiency implementation diagram

6
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6.6 Energy efficiency measures
This section should describe all energy efficiency measures (EEMs) broken down by the no-cost or lowcost measures and those requiring capital investments. Describe possible demand response measures,
distributed generation and/or renewable energy options, and operational and maintenance measures
proposed. Provide an overview of the current financial market, including electricity utility incentives and
provincial or national tax incentives.161
Depending on the level of energy efficiency awareness of the site management, some typical
measures may already be in place and thus the percentage energy saving impact could vary
significantly between sites.

6.7 Recommendations, future work and conclusions
Recommendations, future work and conclusions usually form an important part of any report and are a
key part of the value offered to municipalities by the auditor. Firstly,
a recommendation compares two or more solutions and makes a recommendation about which is the
best option. Secondly, proposals for future work highlight further research, activities and projects that
should follow from the audit report. A good conclusion allows the user to pull all the threads of the report
details together and relate them to the initial purpose of writing the report. In other words, the conclusion
should confirm for the reader that the report’s purpose has been achieved.

6.8 References
Reference to literature, studies, consultant reports, benchmarks and any information used in the audit
report is required. Ensure that a standard format is followed and provide sufficient detail to allow additional
reading, should the reader wish to do so.

6.9 Appendices
The appendices should include any supporting information such as raw data for all measurements taken
during the energy audit, relevant equipment manufacturers’ information and cut sheets referenced in the
report, or site plans and sketches.162
Typical appendices would be:

6
1

y a completed pre-audit information request form,
y a site PFD,
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y a site single-line diagram,
y other relevant site information such as pump test curves, and
y a site assessment tool output.

161. Continuing Education and Development Inc, note 59.
162. Ibid 161
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7. Achieving EE targets
PURPOSE AND USERS OF ENERGY AUDIT GUIDELINE

Drivers and need for an energy audit

Module 2

Wastewater treatment and
consumption

Module 3

Conducting and energy audit

Module 4

Quantifying baseline performance
and identifying EE opportunities

Module 5

Compiling an energy audit report

Module 6

Implementing the plan and achieving
targets

Module 7

CASE STUDY 1

CASE STUDY 2

After studying this module, the learner will have an understanding of:

7
1

1. what to consider when setting targets for power savings,

ACHIEVING EE TARGETS
INTRODUCTION

2. recommendations to achieve in new facilities,
3. recommendations to achieve in existing facilities without expansion
requirements,
4. recommendations to achieve in existing facilities with expansion
requirements,
5. ISO 50001:2018 for energy management systems.energy audit.
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The target that a WWTW owner wants to achieve by means of an energy efficiency audit needs to be
clarified by the team prior to kicking off the audit. Care must be taken to remain realistic, but also to ensure
that good stretch targets are set. In the end, the results that can be achieved are largely dependent on
the available funding and human resources to execute the projects. The following are typical methods to
achieve targets that can be aimed for:
y Savings requiring no or minimal expenses: these relate to changes in the operation of the plant, e.g.
to shift certain non-continuous operations that are executed during peak tariff periods to non-peak
periods.
y Plant modifications with minimal capital expense items: this typically relates to items that can be
covered from the maintenance/operations budgets, e.g. replacement of conventional light bulbs with
energy saving or even LED light bulbs.
y Larger plant modifications: these will typically be covered from a small projects budget, e.g.
converting a pump to include a VSD and energy efficient motor to reduce power consumption.
y Capital project modifications: capital projects are larger projects that require significant plant
modifications and may also potentially require some plant downtime in order to implement the
changes, e.g. implementing CHP at the anaerobic digestion section to enable renewable power
generation from waste activated sludge.
In theory, the ideal outcome from an energy conservation perspective would be for a WWTW to become
energy neutral or even to export power to the grid based on the amount of renewable energy generated
on site.

7. 1 Recommendations for new facilities
When developing new facilities, the design of the facility should take certain typical aspects into
consideration, as per Table 7-1.
Table 7-1: New facility recommendations
Recommendation

Potential Impact

1

Utilise gravity flow, where
possible, rather than
pumping liquid.

By using the natural slope of the facility, the electricity consumed
for pumping can be reduced.

2

Use energy efficient
motors.

More efficient motors will improve energy efficiency. Although
a WWTW typically has a large number of smaller motors, the %
EE benefit achieved by replacing these motors is larger, so it can
become significant.

3

Where applicable, use
VSDs.

Significant power savings can be realised by using only the portion
of energy required. Some control measurements are, however, also
usually required.
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No

Recommendation

Potential Impact

4

Incorporate dissolved
oxygen probes in aerobic
processes and use this
information to control the
rate of aeration,

This together with VSDs can be used to minimise the power
consumed by sur face aerators – usually the largest power
consumer on a site. If the DO level in the reactor is higher than
required, the aerator speed is reduced to save power.

5

Consider processing
technologies that are
more energy efficient than
the current conventional
processes.

New technologies that can be utilised in expansions or retrofitted
to existing systems can be more energy efficient than conventional
treatment.

6

Design to provide tools
that minimise intermittent
operation of equipment
during peak energy
periods, instead buffering
the feed and processing
outside peak hours.

By having a buffer tank with level control, on/off operation is
minimised. Thus, power surges occurring when larger motors are
started frequently are reduced. This will reduce peak factor charges
from ESKOM.

7

Incorporate CHP
downstream of anaerobic
digestion for renewable
power generation.

Generating renewable energy on site not only reduces the quantity
of power that needs to be imported, but also reduces reliance on
unreliable external power sources.

8

On large roof areas,
incorporate solar
photovoltaic (PV)
renewable power
generation.

PV reduces the quantity of power imported and enables staff in the
building to continue their work during load shedding.

9

For building lighting,
utilise energy efficient
or LED lights; for plant
lighting use mercury
vapour lights with highpressure sodium lights
or LEDs that operate
on around a third of the
power.

Use of LEDs results in significant power savings. Furthermore, LED
lights have more than double the life span.163

10

Install lighting control
systems (motion and lux
level sensors).164

By having lights automatically switching off when there is lack
of movement or natural lighting is adequate, power savings are
realised.

11

Select energy efficient
appliances such as HVAC
systems.

Prescribe the use of high energy efficiency HVAC systems.

12

Use solar water heaters
or heat pumps rather than
electrical geysers.

Prescribe the use of solar geysers. Especially at WWTWs where
there is accommodation for staff, this can realise significant power
savings.

163. Sustainable Energy Africa, 2017, note 113.
164. Ibid 163
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No

Recommendation

Potential Impact

13

Buildings should be
designed in an energy
efficient way with regard
to orientation and shading.
The SANS standard
specifications for passive
design and active systems’
requirements for energy
efficient buildings need to
be incorporated.

Should new building be required on site, the tender documentation
must make provision for the latest energy efficiency design
principles as prescribed in the relevant SANS specification (SANS
204 and SANS 104 00 -X A).

14

Ensure building techniques
are energy-wise, e.g.
incorporate insulation in
ceilings to assist with the
temperature control in
buildings.

Monitor any new construction or even consider retrofitting
existing buildings to passively control the environment and reduce
the power requirement for HVAC systems.

7.2 Recommendations for existing facilities
When optimising existing facilities, various aspects must be taken into consideration, as per Table 6-2.
Table 7‑2: Existing facility recommendations
Recommendation

Potential Impact

1

Consider conversion to
energy efficient motors.

More efficient motors will improve energy efficiency. Although a WWTW
typically has a large number of smaller motors, the % EE benefit achieved
by replacing these motors is larger, so it can become significant. A motor
management plan should be developed (and be displayed in the WWTW)
which factors in when motors should be rewound (bearing in mind that
each rewind reduces the efficiency of the motor by typically 0.5 -1%) and
when they should just be replaced for new premium efficiency motors.
This plan is based on the size of the motors and the number of running
hours per year of the motor as per the typical figure below.

2

Where applicable and
viable, install VSDs on
existing motors.

Significant power savings can be realised by using only the portion of
energy required. Some control measurements are, however, also usually
required.

3

Incorporate dissolved
oxygen probes in aerobic
processes and use this
information to control the
rate of aeration.

This, together with VSDs, can be used to minimise the power consumed
by sur face aerators – usually the largest power consumer on a site. If
the DO level in the reactor is higher than required, the aerator speed is
reduced to save power.

4

Consider incorporation
of CHP downstream
of existing anaerobic
digestion for renewable
power generation.

Generating renewable energy on site not only reduces the quantity of
power that needs to be imported, but also reduces reliance on unreliable
external power sources.
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No

Recommendation

Potential Impact

5

On large roof areas,
consider incorporating
solar photovoltaic
(PV) renewable power
generation.

PV reduces the quantity of power imported and enables staff in the
building to continue their work during load shedding.

6

For building lighting,
convert incandescent
bulbs to energy efficient
or LED lights, if this
has not already been
done. For plant lighting,
consider replacing
mercury vapour lights
with high-pressure
sodium lights or LEDs
that operate on around a
third of the power.

Conversion to LEDs results in significant power savings. This is a
quick-fix solution that can be easily implemented as light bulbs fail.
Furthermore, LED lights have more than double the life span.165

7

Install lighting control
systems (motion and lux
level sensors).166

By having lights automatically switching off when there is lack of
movement or natural lighting is adequate, power savings are realised.

8

Select energy efficient
appliances such as HVAC
systems.

As HVAC systems fail, ensure replacement units are energy efficient.

9

Use solar water heaters
or heat pumps rather
than electrical geysers.

As geysers fail, they can be replaced with solar units. Especially at
WWTWs where there is accommodation for staff, this can realise
significant power savings.

13

Repair buildings, e.g.
repair broken windows
and ceilings and
incorporate insulation
in ceilings to assist with
temperature control in
buildings.

Should new building be required on site, the tender documentation
must make provision for the latest energy efficiency design principles
as prescribed in the relevant SANS specification (SANS 204 and SANS
104 00 -X A). Monitor any new construction or even consider retrofitting
existing buildings to passively control the environment and reduce the
power requirement for HVAC systems.

7.3 Recommendations for expansions

7
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When expanding an existing facility, beware of the pitfall of doing more of the same. Operating and
maintenance staff often try to prescribe what they already have, especially in municipalities with lower
skill levels, since it is within their comfort zone, without sufficient consideration being given to energy
efficiency practices. Plant managers will, as a rule, however, welcome improved/more efficient technology
on their plants, if supplied. Consultants are in some cases not willing to include energy efficient measures
in the tender scope as the consultant may consider them to be too expensive, is not aware of alternatives,
or claims they are not mandated to include these measures. Thus new plants/upgrades are designed
not incorporating energy efficiency. The design of the facility expansion should take the following typical
aspects into consideration as per Table 7-3.

165. Sustainable Energy Africa, 2017, note 113.
166. Ibid
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Table 7-3: Expansion of facility recommendations
Recommendation

Potential Impact

1

Review existing treatment technology
capacity to ascertain whether there
is overcapacity available or whether
existing systems are overloaded.
Consider re -use of existing equipment
at full capacity as well as expansion of
overloaded equipment in the expansion
design basis. An overloaded system can
also result in energy inefficiencies, since
equipment is running beyond its design
capacity and no longer at or close to the
best operating point.

The better the current system and design basis
is defined, the more accurately energy efficiency
opportunities can be defined and incorporated in
the design. This will optimise the life cycle cost
of the expanded facility.

2

Utilise gravity flow where possible, rather
than pumping liquid.

By using the natural slope of the facility, the
electricity consumed for pumping can be
reduced.

3

Use energy-efficient motors.

Prescribe energy-efficient motors for all new
installations. More efficient motors in existing
processing units will improve energy efficiency.
Although a WWTW typically has a large number
of smaller motors, the % EE benefit achieved
by replacing these motors is larger, so it can
become significant.

4

Where applicable, use VSDs.

Significant power savings can be realised by
using only the portion of energy required. Some
control measurements are, however, also usually
required.

5

Incorporate dissolved oxygen probes
in aerobic processes and use this
information to control the rate of
aeration.

This, together with VSDs, can be used to
minimise the power consumed by sur face
aerators – usually the largest power consumer
on a site. If the DO level in the reactor is higher
than required, the aerator speed is reduced to
save power.

6

Consider processing technologies that
are more energy efficient than the current
conventional processes.

New technologies that can be utilised in
expansions or retrofitted to existing systems
can be more energy efficient than conventional
treatment.

Design to provide tools that minimise
intermittent operation of equipment
during peak energy periods, instead
buffering the feed and processing outside
peak hours.

By having a buffer tank with level control, on/
off operation is minimised. Thus, power surges
occurring when larger motors are star ted
frequently are reduced. This will reduce peak
factor charges from ESKOM.

7
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Recommendation

Potential Impact

8

Incorporate CHP downstream of
anaerobic digestion for renewable
power generation.

Generating renewable energy on site not only
reduces the quantity of power that needs to be
imported, but also reduces reliance on unreliable
external power sources.

9

On new large roof areas, incorporate
solar photovoltaic (PV) renewable power
generation.

PV reduces the quantity of power imported and
enables staff in the building to continue their work
during load shedding.

10

For new building lighting, utilise energy
efficient or LED lights and for existing
buildings replace incandescent bulbs.
For plant lighting, consider replacing
mercury vapour lights with highpressure sodium lights or LEDs that
operate on around a third of the power.

For all new buildings, prescribe the use of energy
efficient lighting such as LEDs. Conversion to LEDs
in existing buildings results in significant power
savings – this is a quick-fix solution that can be
easily implemented as light bulbs fail. Furthermore,
LED lights have more than double the life span.167

11

Install lighting control systems (motion
and lux level sensors).168

By having lights automatically switching off when
there is lack of movement or natural lighting is
adequate, power savings are realised.

12

Select energy efficient appliances such
as HVAC systems.

For all new buildings, install energy efficient units.
As HVAC systems fail in existing buildings, ensure
replacement units are energy efficient.

13

For new buildings, use solar water
heaters or heat pumps rather than
electrical geysers.

Install solar geysers for all new buildings. As
geysers fail, they can be replaced with solar
units. Especially at WWTWs where there is
accommodation for staff, this can realise
significant power savings.

14

New buildings to be designed in an
energy efficient way with regard to
orientation and shading. The SANS
204 and SANS 104 00 -X A standard
specifications for passive design
and active systems’ requirements for
energy efficient buildings need to be
incorporated.

Should new building be required on site, the tender
documentation must make provision for the latest
energy efficiency design principles as prescribed
in the relevant SANS specification (SANS 204 and
SANS 104 00 -X A).

15

Should control rooms, etc. be expanded
or new ones be built, ensure building
techniques are energy-wise, e.g.
incorporate insulation in ceilings to
assist temperature control in buildings.

Monitor any new construction or even consider
retrofitting existing buildings to passively control
the environment and reduce the power requirement
for HVAC systems.

*[The cost and continuous supply of reliable energy to a WWTW is an increasing risk to meet human
health and environmental standards. This risk should be identified in the RAP of a plant (see the Green
Drop requirement).169]
167. Sustainable Energy Africa, 2017, note 113.
168. Ibid 167
169. Department of Water and Sanitation, 2018, note 22
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7.4 ISO 50001:2018
ISO 50001 is based on the management system model of continual improvement (Plan-Do-Check-Act
approach, called the Deming principle) that is also used for other well-known standards such as ISO 9001
or ISO 14001. This makes it easier for organisations to integrate energy management into their overall
efforts to improve quality and environmental management.170 The 2011 revision of the standard has been
updated, and although the SANS 2018 has not yet been adopted, the updated version is more relevant and
aligns more closely to other standards.
ISO 50001:2011 and 2018 provides a framework of requirements for organisations to:171
y develop a policy for more efficient use of energy,
y fix targets and objectives to meet the policy,
y use data to better understand and make decisions about energy use,
y measure the results,
y review how well the policy works, and
y continually improve energy management.
*[It is good practice to incorporate ISO 50001 as part of the municipality’s energy efficiency and asset
management strategies.]
ISO 50001 is the “standardisation in the field of energy management, including energy efficiency, energy
performance, energy supply, procurement practices for energy using equipment and systems, and energy
use as well as measurement of current energy usage, implementation of a measurement system to
document, report, and validate continual improvement in the area of energy management”.172
The standard is intended to accomplish the following:173
y assist organisations in making better use of their existing energy-consuming assets,
y create transparency and facilitate communication on the management of energy resources,
y promote energy management best practices and reinforce good energy management behaviours,
y assist facilities in evaluating and prioritising the implementation of new energy-efficient
technologies,
y provide a framework for promoting energy efficiency throughout the supply chain,
y facilitate energy management improvements for greenhouse gas emission reduction projects, and
y allow integration with other organisational management systems such as environmental, and health
and safety.

7

The following additional documents provide valuable information on wastewater treatment technologies
and are recommended reading: International Organization for Standardization, Win the Energy
Challenge with ISO 50001, Geneva, Switzerland, 2011. This report can be found at the following link:
http://ncpc.co.za/files/Energy/iso_50001_booklet.pdf

ACHIEVING EE TARGETS

170. National Cleaner Production Centre, Energy Management Systems (ISO/SANS 50001), accessed 22 August 2018 from: http://
ncpc.co.za/energy/energy-management-systems-iso50001
171. Ibid 170
172. Ibid 170
173. International Organization for Standardization, Win the Energy Challenge with ISO 50001, Geneve, Switzerland, 2011.
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8. Case studies
After studying this module, the learner will have an understanding of:
1. energy efficiency audit requirements by considering actual case
studies as examples, and
2. how to test if the form and format of the guideline are sufficiently
comprehensive and supports desktop and field work when conducting an
energy audit.

One of the objectives of the guideline is to incorporate two high-level EE audit reports that were compiled
as part of the evaluation, in order to provide an actual example to users of typical outcomes from an EE
audit. These audits are attached in full in the annexure section of the report.

8.1 Case study 1: Kingstonvale WWTW
The Kingstonvale WWTW serves Mbombela Local Municipality in the Mpumalanga province of South
Africa. The facility is operated by Sembcorp for and on behalf of the Mbombela Local Municipality. A highlevel EE audit of the site was performed as part of this project and is included in Annexure D.
The following potential energy saving impacts can be realised should the energy efficiency and renewable
energy proposals be implemented:
y 2.86% of the total energy consumption of the plant can be saved by the implementation of opportunities
identified in the level 1 energy efficiency audit.
y Further opportunities that require a more detailed level 2 audit have been highlighted for further
investigation and could substantially increase the projected saving.
y The abovementioned opportunities represent a power consumption saving of 98 500 kWh/a.

8
1

y The cost of the current energy use is R3 156 000 per annum, with savings opportunities to the value
of R104 000.

CASE STUDIES
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y Renewable energy opportunities could substitute 67.7% of the current power consumption. More
detailed studies are recommended to verify that the generation cost will be lower than the R1,36 /kWh
and/or are there other justifications, e.g. security of supply.
y A saving of 101 500 kg CO2eq can be achieved from the identified energy efficiency measures.
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8.2 Case study 2: Daspoort WWTW
The Daspoort WWTW serves central parts of Pretoria in the Gauteng province of South Africa. The
facility is operated by the City of Tshwane Metropolitan Municipality. A high-level EE audit of the site was
performed as part of this project and is included in Annexure C.
The following potential energy saving impacts can be realised should the energy efficiency and renewable
energy proposals be implemented:
y 13.27% of the total energy consumption of the plant can be saved by the implementation of opportunities
identified in the level 1 energy efficiency audit.
y Further opportunities that require a more detailed level 2 audit have been highlighted for further
investigation and could substantially increase the projected savings.
y The abovementioned opportunities represent a power consumption saving of 370 000 kWh/a.
y The cost of the current energy use is R5 443 000 per annum, with savings opportunities to the value
of R725 000.
y Renewable energy opportunities could substitute 79.4% of the current power consumption. More
detailed studies are, however, recommended to verify that the generation cost will be lower than the
R1,36 /kWh and/or whether there are other justifications, e.g. security of supply.
y A saving of 380 000 kg CO2eq can be achieved from the identified energy efficiency measures.
Based on the execution of the case study using the guideline methodology, it was deemed that the
guideline was sufficiently comprehensive.

8.3 Hypothetical retrofit study
As mentioned in paragraph 2.4, it is generally not required to perform investment grade energy efficiency
audits for most applications. In a separate study by the author,174 the possibility of retrofitting an existing
conventional activated sludge facility with Organica FCR IFAS technology was evaluated. The intention of
the study was to ascertain whether the existing reactors could be converted to the new technology, and
thereby increase the hydraulic loading of the reactors while at the same time complying with new stricter
release specifications.
The objective was to verify and quantify the impact of the claimed benefits of FCR technology compared
to conventional activated sludge (CAS) technology. These claimed benefits are as follows:
y a smaller footprint for treating the same quantity of effluent: or then inversely by utilising the existing
footprint more throughput can be achieved;

8

y reduced power consumption for aeration due to the low MLSS, resulting in improved oxygen transfer
efficiency: inversely the existing blowers should be able to aerate a larger quantity of effluent without
requiring expansion, resulting in reduced specific power consumption without modification to blowers;
and

CASE STUDIES

y the settleability properties of the FCR sludge are better than in CAS: inversely the increased flow may
be accommodated using the existing secondary clarifiers without expansion of the clarifiers.

174. Department of Water and Sanitation, 2018, note 22.
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8.3.1 Existing system background information
The facility under review consists of two trains that utilise CAS technology. Both trains have fine bubble
aeration. The inlet works and sludge handling portions of the facility did not form part of the evaluation
scope and specific attention was paid to expanding the facility by potential conversion of the CAS trains
to Organica FCR technology.
The process trains have a treatment capacity of 40 MLD each. Existing equipment sizes such as reactor
volumes and secondary sedimentation tank surface areas were used as the basis for comparison. The
current feed water quality is as per Table 8-1 and the release specification as per Table 8-2. The CAS train
design information is summarised in Table 8-3.
Table 8‑1: Case study 3 feed wastewater compositions
Contaminant

Quality

COD (mg/ℓ)

800

BOD5 (mg/ℓ)

4 00

Total suspended solids (mg/ℓ)

350

TKN (mg-N/ℓ)

42

Ammonia nitrogen (mg-N/ℓ)

26

Total phosphorus (mg-P/ℓ)

8.2

Alkalinity (mg CaCO 3 /ℓ)

350

pH

7.5

Design minimum temperature (°C)

15

Design maximum temperature (°C)

25

Table 8‑2: Current treated water quality specification

8
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Contaminant

Treated Quality

COD (mg/ℓ)

<70

BOD5 (mg/ℓ)

<35

TSS (mg/ℓ)

< 20

Ammonia Nitrogen (mg-N/ℓ)

<4

Nitrate Nitrogen (mg-N/ℓ)

<9

Total Phosphorus(mg/ℓ)

<1

Table 8‑3: Existing equipment sizing
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Parameter

Train 1

Train 2

Capacity (MLD)

40

40

Unaerated reactor volume (m 3)

10 368

10 368

Aerated reactor volume (m 3)

17 280

17 280

Total reactor volume (m 3)

27 64 8

27 64 8

SST area (m 2)

2 278

2 278

Blower capacity (actual m 3 /h)

19 800 x 2

19 800 x 2
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The current blowers operate in a four out of five configuration at peak flow conditions, with two supplying
each train and the fifth being a common standby. Each blower is capable of a maximum air output of
4.2 m3/s (normal) @ 55 kPa differential discharge pressure, which equates to approximately 5.5 m3/s
(actual) at site conditions. The blowers can be turned down to 45% of maximum output.

8.3.2 Objectives for revised design
Three targets needed to be evaluated, namely:
1.

Using the same feed specification, could the existing equipment be used to treat 70 MLD per train
while complying with the existing release standards, i.e. a 75% increase in hydraulic and organic
loading?

2.

Could compliance to a stricter specification as per Table 8-4 on the next page be achieved, and what
would the corresponding throughput that can be achieved per train be?

3.

Could both targets be achieved simultaneously?

Table 8‑4: Future treated water quality specification
Contaminant

Treated quality

COD (mg/ℓ)

< 30

TSS (mg/ℓ)

< 20

Ammonia nitrogen (mg-N/ℓ)

<3

Nitrate nitrogen (mg-N/ℓ)

<4

Total phosphorus (mg/ℓ)

< 0.5

The feed specification will remain as per Table 8-1, but the hydraulic loading will increase to 70 MLD per
train, and based on historical data, a peak factor of 2.5 was used for peak flow conditions.

8.3.3 Study outcomes
As a result of the stricter release specifications, a pure FCR configuration relying on attached growth alone
could not be used and it was necessary to incorporate a hybrid configuration. In the hybrid configuration,
a combination of attached and suspended growth is utilised. Thus, a partial RAS stream is incorporated
in the system. The MLSS is, however, still maintained at significantly lower concentrations than in a CAS
system, typically in the region of 3 000 mg/ℓ.

A simulation was run for an FCR facility using the prescribed feed quality at a flow of 70 MLD per train,
while complying to the revised stricter discharge specification. It was further assumed that no equalisation
will be done upstream of the reactor. The outcomes from the simulation are discussed below.
Reactor size: The required reactor volume for the FCR technology is 30 840 m3. In the existing
configuration, the reactor volume is 27 648 m3. The existing reactor volume, however, does not consider
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Assuming the current upstream process configuration is maintained, the pre-treatment consists of
screening and grit removal followed by primary sedimentation that can treat 60 MLD of the future 70 MLD
per train. Thus 60 MLD of the feed will have received this pre- treatment, with the remaining 10 MLD not
having been treated with primary sedimentation and being fed directly to the reactor following screening.
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the volume of the equalisation tank that is integrated in the reactor. By converting the equalisation tank
volume to additional reactor volume, the available reactor volume is increased to 34 998 m3, which is then
approximately 11% larger than the required volume. This will allow for potential volume loss as a result of
areas in the reactor that may not be suitable for conversion to FCR.
Secondary sedimentation tank area: The required SST area for the FCR technology is 3 920 m2. In
the existing configuration, the SST area is 4 556 m2. Thus, approximately 14% more surface area than
required is available.
Blower size: Based on the maximum air output from the existing blowers, of 4.2 m3/s (normal), four
blowers operating at maximum levels can produce 60 480 m3/h (normal). For the revised design, an
aeration rate of 59 800 m3/h (normal) is required at peak conditions, with an average of 58 920 m3/h
(normal). Thus, the existing blowers will be adequate for the revised operating conditions.
Specific power consumption: The estimated power requirement for the full FCR facility is 36 017 kWh/d.
Therefore, at a processing rate of 140 MLD, this results in a specific power requirement of 0.26 kWh/
m3. When compared to the literature values in Table 4-3 that varied between 0.3 and 0.7 kWh/m3, this
represents a significant energy efficiency improvement.

8.3.4 Conclusions
The FCR technology is a feasible technical alternative for the expansion of the facility by retrofitting of
the two trains without having to increase either reactor volume or SST area. The retrofit will enable a
significant facility expansion.
However, a project such as this requires significant capital investment and will thus form part of a facility
expansion drive and will not be implemented as a result of an EE audit. For this specific case it was found
that retrofitting the two trains with FCR technology would cost approximately R390 million or R6,5 million
per MLD capacity gained. This can be compared to the cost of a new greenfield CAS facility that is in the
order of R9 to 10 million for the same scope in order for a potential capital cost saving to be realised.

8
1
CASE STUDIES
INTRODUCTION
126

Guideline for Energy Efficiency Audits at Wastewater Treatment Works

Notes

127

Guideline for Energy Efficiency Audits at Wastewater Treatment Works

Notes

128

9

Conclusions and
recommendations

129

Guideline for Energy Efficiency Audits at Wastewater Treatment Works

9. Conclusions and recommendations
Increasing electricity and fuel costs are a daily reality for everyone, resulting in acute energy awareness
in all sectors of business, both public and private. In addition, growing environmental sustainability
awareness, including the impact of energy inefficiency, is a global trend in industry as well as a focus of
consumers. This awareness and the need for energy efficiency audits will continue to escalate, especially
with ESKOM continuing to request and apply escalation rates far above the inflation rate.
The 2015 National Energy Efficiency Strategy commits South Africa to show a 29% reduction in energy
consumption by 2030 based on energy efficiency improvements.175 This total improvement is based on
predicted improvements on a per sector basis. Municipalities, both in terms of their infrastructure as well
as processing facilities such as WWTWs, reside under the commercial and public sector. This sector is
committed to the following:176
1.

37% reduction in energy consumption based on efficiency improvements,

2.

37% improvement from commercial buildings,

3.

50% improvement from public buildings,

4.

20% improvement from municipal services, and

5.

30% improvement from the municipal vehicle fleet.

Thus, WWTW buildings need to comply with item 3 above and WWTW process units with item 4 above.
In order to reduce the power consumed at a facility and thereby reduce the operating costs, while at the
same time reducing the carbon footprint of the facility, EE audits are a valuable process and tool to use
in-house or via external EE audit specialists. An EE audit must not be seen as a once-off exercise, but
as the first step of many to establish a baseline to understand, define and quantify the status quo and
develop measures for continuous improvement, monitoring and ongoing adjustments until the targets
have been attained.
International studies have found that EE measures implemented within WWTWs typically result in 10 –
30% energy savings per measure and have a typical payback period of between one and five years.177Costeffective EE measures are reported to achieve up to 25% overall EE improvement at WWTWs in developing
countries.
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As legislation is adopted to comply with international good practices, it is anticipated that EE audits will
become a legal requirement, rather than just a voluntary optimisation exercise. EE audits may also become
a required input document in environmental impact assessments for any future planned expansions of
WWTWs. Furthermore, energy consumption and benchmarking have been incorporated into the national
Green Drop certification audit criteria under the topic of asset management, which carries up to 15% of
the total Green Drop score, thereby verifying the increased importance of this aspect.

175. Department of Water and Sanitation, 2018, note 22.
176. ibid 175
177. ibid 175
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However, energy efficiency cannot be looked at in isolation. To reduce energy consumption is only one
aspect of energy efficiency. Conversion to renewable energy sources and reducing the consumption of
fossil fuel-based energy is a secondary driver to attaining holistic energy efficiency on a site. In this regard,
WWTWs are ideally positioned, with the production of primary and/or secondary sludges via anaerobic
digestion, to produce biogas. Biogas contains methane, which is mostly vented to the atmosphere,
thereby releasing GHG with a significantly higher environmental impact than carbon dioxide. Biogas can,
however, be captured and used as fuel to generate electricity on site and/or as heat for processes such
as anaerobic digestion or incineration and/or generation of steam for the pasteurisation of sludge to a
usable product (fertiliser). In this way, multiple benefits are achieved: the methane is recovered and not
released into the atmosphere, and, at the same time, the usage of fossil fuel-based electricity is reduced.
Although this guideline focuses on WWTW EE audits, the principles could be applied in other industries
and sectors as well, making the output of the EE audit and experience of the EE auditor applicable and
desirable to a variety of potential users.
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A. Pre-audit information request

B. Energy efficiency self-assessment form
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D. Kingstonvale WWTW energy efficiency audit

ENERGY EFFICIENCY SELF-ASSESSMENT
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C. Daspoort WWTW energy efficiency audit
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Annexure A:
Pre-audit information request
Received

ANNEXURE A:

PRE-AUDIT INFORMATION REQUEST

Item

Description

A

Auditor information

A1

Auditor name:

A2

Contact number:

A3

Contact e -mail:

G

General information

G1

Site name:

G2

Owner:

G3

Type of technology, size, capacity (ADWF):

G3.1

Wastewater treatment:

G3.2

Sludge handling:

G4

Contact person:

G5

Contact number:

G6

Contact e-mail:

G7

Site coordinates:

1

Historical records

1.1

Electrical consumption records – preferably three years of utility bills, but at
least 12 months to allow for seasonal fluctuations

1.2

Tariff structures – structures as from ESKOM/municipal supply; preferably
three years and information on anticipated escalation if pre -agreed

1.3

Plant loading/flow records - preferably three years, but at least 12 months to
allow for seasonal fluctuations and provided for same time periods as energy
data to allow for aligned correlation (e.g. electrical data provided from
beginning to end of month, then plant loading/flow data for that period must
also be provided for beginning to the end of each month).

1.4

Effluent limits – as per water use licence
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No

Yes

No
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Received

Item

Description

1.5

Previous EE audits or studies – any previous reports and findings on EE for
the site

2

Design detail

2.1

Design basis – original design specification: hydraulic and pollutant loading,
etc.

2.2

As-built drawing – the latest process sketch, process flow and piping and
instrumentation drawings of the facility. If any new changes have been
implemented that are not reflected, these must be highlighted

2.3

Site lay-out drawings – the latest site lay-out drawings reflecting main
equipment lay-out and elevation differences

2.4

Asset register/equipment lists – lists of all mechanical equipment, including
manual equipment as per original design, as well as plant modifications

2.5

Electrical load lists – lists of all electrical equipment with motors as
per original design, as well as plant modifications indicating motor load
information

2.6

Equipment datasheets and pump and blower curves – any equipmentspecific datasheets that are available, especially pump and compressor
curves

2.7

Electrical single -line diagrams – diagrams reflecting the electrical
infrastructure configuration

2.8

Cable MV schedules

3

Manuals

3.1

Plant operating manuals – both for the original design and for any process
modifications implemented

3.2

Plant maintenance manuals – both for the original design and for any
process modifications implemented

4

Maintenance records

4.1

Maintenance database on existing electrical equipment

4.2

Maintenance database on electrical infrastructure

No

Yes

No

Yes

No

Yes

No
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Annexure B: Energy efficiency
self-assessment form
This serves as a checklist/reminder for the auditor to ensure all relevant information has been collected.

Received
Yes
No

Item Description

ANNEXURE B:

ENERGY EFFICIENCY SELF-ASSESSMENT
FORM

A

Auditor information

A1

Auditor name:

A2

Contact number:

A3

Contact e -mail:

G

General information

G1

Site name:

G2

Owner:

G3

Type of technology:

G4

Contact person:

G5

Contact number:

G6

Contact e -mail:

G7

Site coordinates:

1

General information

1.1

Have audit criteria and scope been agreed with the municipality?

1.2

Does the municipality have an energy management team, and have you met with
them?

1.3

Do you have the contact details of all the relevant team members – e.g. energy
management team members, manager, foreman, operations, maintenance, etc?

1.4

Have the audit batter y limits been fixed?

1.5

Based on information received from the client, has an audit equipment list been
compiled prior to the site inspection?

1.6

Has a baseline duration been agreed with the municipality?

2

Site information

2.1

Have you compiled your own hand- drawn process flow diagram for the site?

2.2

Have you compiled your own hand- drawn site layout?

2.3

Have you confirmed whether any changes have been implemented on site since
original construction and how these impact on the operation and power requirement?

2.4

Have you confirmed the type of lighting used on site?
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Received
Yes
No

Item Description

2.6

Does the site have a SCADA system or is it manually operated?

2.7

Are DO measurements per formed on aeration systems?

2.8

Are any large capital projects planned in the near future, e.g. works expansion?

2.9

Is the generation of renewable energy considered for the site?

2.10

Where information is not available, have assumptions to be used been verified and
agreed with the municipality?

2.11

Have you collected adequate information to calculate specific energy consumption
and other benchmark values?

3

Equipment information

3.1

Have the number and size of equipment on site been verified against equipment lists
received?

3.2

Have the motor sizes been confirmed to be the same as specified in load lists?

3.3

Have photos been taken of the equipment nameplates for later cross-referencing?

3.4

Have you confirmed the daily running times, especially for large motors?

3.5

Do you have an understanding of typical operating practices on the site?

3.6

Do you have an understanding of the site electrical infrastructure –e.g. in the case of
the electrical feeder configuration, are sub -sections separately metered?

3.7

Have you verified whether any equipment has energy saving devices such as VSDs?

3.8

Has any equipment been permanently decommissioned or removed or has additional
equipment been installed?

3.9

Have you obtained pumping information for larger pumps – operating point, flow
ranges, wet-well levels, min/max wet-well levels possible, etc.?

3.10

Have you obtained blower/sur face aerator information – number operating, diffuser
condition, depth of tank, etc.?

3.11

Does the site have a philosophy on the use of energy efficient motors?

3.12

Is anaerobic digestion per formed on site? If so, are external carbon sources also fed
to the digester? Is the biogas produced utilised or vented into the atmosphere?

4

Maintenance information

4.1

Do you have an understanding of maintenance procedures, schedules and history?

4.2

Has any equipment been out of operation for long durations due to inability or lack of
funding to perform maintenance?

4.3

Is the temperature in any of the equipment buildings too high?

4.4

Are there any excessive/unusual noises heard in any of the equipment buildings or
from specific equipment?
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Have you reviewed the office and control room buildings in terms of lighting used,
geyser types, HVAC systems used and insulation proper ties?

ENERGY EFFICIENCY SELF-ASSESSMENT
FORM

2.5
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Annexure C:
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efficiency audit
Case study October 2018

7.5%

6.3%

Disinfection

Inlet Works

7.2%
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0.02%

Anaerobic Digestion

Primary
Sedimentation

2.9%

Sludge Dewatering

0.45%

75.7%

Secondary Clarification

Biological
Treatment
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Executive summary
Background: The City of Tshwane Metropolitan Municipality operates 15 Wastewater Treatment Works
(WWTWs). Daspoort WWTW is the oldest of these, with the first four modules of trickling filters constructed
in 1913. Two additional modules of trickling filters were constructed in 1945, and three activated sludge
modules were constructed in 1975. The facility is located in Central Pretoria on Bosman Street extension.
Daspoort WWTW is registered as a Class A treatment facility at the Department of Water and Sanitation
and is designed to receive and treat 58 MLD on a continuous basis. The current flow is measured at 36.2
MLD (as ADWF). The technology incorporated at the plant is activated sludge and trickling biofilters for
the liquid streams, and drying beds and anaerobic digestion for the sludge streams.
Purpose of energy efficiency audit: An energy efficiency (EE) audit was done to: i) test the method and
suitability of the draft EE audit guidelines in real-life plant conditions; ii) establish a baseline for current
energy use at the plant; iii) extract and quantify the most viable points and identify measures to realise
energy optimisation and cost savings; and iv) lay the foundation for a business case to motivate resources
for implementation of the recommendations.
Methodology: The methodology as outlined in the Guideline for Energy Efficiency Audits (Rev01,
January 2019) was applied.
Energy efficiency audit findings: The Daspoort WWTW receives power from the Boom Street 3 satellite
substation network, which in turn supplies two mini-substations called Sewerage Works North and
Sewerage Works South. For the period under investigation, the facility utilised between 281 000 and
378 000 kWh/month at a monthly cost of between R319 000 and R717 000. The ESKOM Miniflex tariff
structure is used in determining the electricity cost for the site. The power bills received by the WWTW
were analysed, and the impact of low and high season on the cost of power is illustrated in Table 0-1.
Table 0‑1: Power cost distribution per billing category
Power only

All charges
High
season

Whole
year

Low
season

High
season

Peak

38.8 %

32.2 %

49.3 %

28.0 %

22.6 %

37.2 %

Standard

27.3 %

28.2 %

25.8 %

19.6 %

19.7 %

19.5 %

Off-peak

20.0 %

22.8 %

15.5 %

14.4 %

16.0 %

11.7 %

Low voltage

14.0 %

16.8 %

9.4 %

10.1 %

11.8 %

7.1 %

Demand

26.6 %

28.4 %

23.5 %

Other

1.4 %

1.6 %

1.0 %

From Table 0-1, the severe impact that peak consumption rates have, especially during the high demand
season, constituting almost 49% of the amount charged for power only, whilst representing approximately
25% of total power consumed can be observed.
It was found that the six highest energy consumers, representing 29 of the 122 drives, consume 81.2%
of the power, excluding the low voltage power used in buildings. The main consumers are summarised
in Table 0-2.
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Table 0‑2: Highest power consumers on Daspoort WWTW
Equipment description

Percentage of power consumed (%)

Activated sludge aerators

45.53

Activated sludge A-recycle pumps

15.43

Discharge pumps

7.35

AD mixers

6.63

Biofilter 5 & 6 feed pump

3.94

AS recycle to PST pump

2.32

The induction motors were also grouped according to equipment type association, as per Figure 0-1
below. The bulk of power consumption occurs in aeration, pumping and mixing applications, representing
98.5% of total power consumption, excluding buildings.
Value proposition: The above figures translate to the following opportunities, which represent the
potential impact should the audit recommendations be implemented:
Figure 0-1: Power consumption per equipment type
50,00%

45,53%

37,74%

40,00%
30,00%
20,00%

15,22%

10,00%
0,00%

Aerator

0,65%

0,29%

Clarifier
Bridge

Compressor

0,58%
Mixer

Other

Pump

y 13.27% of the total energy demand of the plant can be saved by the implementation of opportunities
identified in the level 1 energy efficiency audit.
y Further opportunities that require a more detailed level 2 audit have been highlighted for further
investigation and could substantially increase the projected savings.
y The abovementioned opportunities represent a power consumption saving of 370 000 kWh/a.
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y The cost of the current energy use is R5 443 000 per annum, with savings opportunities to the value
of R725 000 having been identified.
y Renewable energy opportunities could potentially substitute 79.4% of the current power consumption.
y The corresponding savings and reduced GHG footprint associated with the power savings opportunities
are 382 843 kg CO2eq.
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157 000

1 977 000

Biofilter 5&6 feed pumps

Total savings

N/A

N/A

N/A

Combined heat and power

Ultrasonic cell lysis

Load shifting

Power factor correction

Conversion to energy efficient
lighting and air conditioning

Motor start control strategy

Conversion to energy efficient
motors

Opportunities requiring further detailed studies
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Total renewable opportunities

N/A

N/A

N/A

2 692 000

214 000

2 478 000

R/a

Solar power generation

Renewable energy opportunities

1 820 000

kWh/a

Current

DO measurement and VSDs on
aerators

Power saving opportunities

Recommendation

Table 0-3: Energy efficiency opportunities for Daspoort WWTW

509 000
4 340 000

3 184 000

3 395 000

4 36 000

506 370

10 370

496 000

R/a

79.4

9.4

62

8.0

9.30

0.19

9.11

%

Savings

374 000

2 490 000

320 000

371 620

7 620

364 000

kWh/a

Technical

NA

NA

329 600

382 843

7 843

375 000

kg CO 2eq

46 510 000

4 510 000

23 100 000

18 900 000

1 787 500

67 500

1 720 000

R

Cost

N/A

-397 000

3 631 000

-11 500 000

N/A

-20 900

356 000

R

NPV

N/A

8.89

14.5

0.41

N/A

-3.2

19.3

%

IRR

Financial

N/A

7.0

5.8

19.5

N/A

5.5

3.3

Years

Payback time

Guideline for Energy Efficiency Audits at Wastewater Treatment Works

Guideline for Energy Efficiency Audits at Wastewater Treatment Works

Recommendations: The following measures were identified and categorised for Daspoort WWTW in
order to achieve the above opportunity costs:
Short term:
y Arrange training sessions to create awareness amongst all staff regarding energy efficiency and the
roles they play on a daily basis by performing small actions that all contribute e.g. by switching off
lights when leaving a room.
y Replace inefficient lights with more efficient options, such as LED.
y Should air-conditioning units fail, replace them with energy efficient units.
y Should geysers fail, replace them with solar geysers.
Medium Term:
y Add motion detection switches to lights in laboratories and offices to ensure lights are switched off
when rooms are not in use. One would need to investigate the number of hours these facilities are
used. Typically motion sensors do not pay back in office environments except in bathrooms, storage
rooms, and other such infrequently used areas. For the labs, it will depend on how much they are used.
As for light sensors (with dimmable lights) it could make sense in some areas with variable daylight
availability, but one would have to calculate the cost-benefit on a case-by-case basis. In an office
environment it is often possible to reduce overall lighting and use task lighting to reduce overall energy
consumption for lighting.
y Implement load shifting changes. Often these changes are just a change in operating procedures, with
no capital or maintenance cost expenses, but can result in operating cost savings.
y As old and low energy efficiency motors need to be replaced, replace them with higher efficiency
motors (IE3 or IE4), if technically viable.
y Investigate potential illustrative pump modifications from this report. As these are either implemented
or rejected, investigate the viability of installation of VSDs on the larger drives on site, starting with
the biggest. Pumps should also be checked for wear on impellers, bearings, etc. Sizing of pumps
and possibly VSDs appear to be plausible savings opportunities, especially given the average motor
loadings shown in Annexure D.
y Implement power factor control systems where economically viable.
Long term:
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y Perform a study on the DO levels in the activated sludge reactors to ascertain whether over-aeration
occurs. If so, investigate whether VSD drives on selected aerator motors would provide justifiable
power savings and even whether smaller aerator motors in the final compartment of the reactors may
be an option.
y Evaluate the potential of solar power generation in unutilised plant areas to supplement the power
imported. If battery storage is included (as per the case study in the report), this could also serve as
an emergency power source for critical drives during power supply failures and load shedding. Battery
storage, however, makes the investment much higher. Generally solar is not really viable as a backup
power supply. Nonetheless, solar can be utilised to supply power during peak demand periods, thus
reducing the electricity cost significantly. This is generally a more viable solution. If net metering is
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allowed, excess power can be fed back into the grid, if not, it is possible to curtail the output. Generally,
one should strive to have as high a solar utilisation factor for own consumption as possible.
y Refurbish damaged anaerobic digesters. Investigate the installation of biogas storage and CHP
equipment to utilise the biogas already generated on site and currently vented into the atmosphere.
This will eliminate the release of undesirable methane gas directly into the atmosphere (CH4 is 30
times more potent than carbon dioxide as a greenhouse gas (GHG)).
Some of the recommended actions require further work to be performed in order to verify assumptions
made as part of this energy efficiency audit. This includes the following:
y Studies on pump and sump level operation to ascertain whether the frequency of pump start and
stops can be reduced by adjusting level ranges in sumps or whether the use of level control and VSD
drives can reduce the total power consumed, as well as peak demand loads as a result of frequent
starting of certain pumps.
y Studies of the DO levels in the activated sludge reactors to ascertain whether over-aeration occurs,
and quantification of the potential power saving opportunities that can be realised.
y Evaluation of the reinstatement of the boiler for the heating of the AD reactors in order to improve their
efficiency and thus increase biogas generation for CHP.
y This study highlighted typical opportunities, but the scope and duration did not allow for logging of
power consumption trends on specific drives. A power analyser can be utilised to log the operation of
the high power consuming drives in particular, and based on this data more informed decisions could
be made on the viability of incorporating VSDs, high efficiency motors, etc.
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1. Introduction
Wastewater treatment works (WWTWs) are one of the largest energy consumers within the municipal
sector. Optimisation of the energy efficiency at these facilities could potentially result in significant carbon
footprint reduction, as well as operating cost savings.
EE audits pose specific benefits when executed in WWTWs, due to the high power requirements of these
types of facilities, which constitute a significant proportion of power consumed by municipalities. Water
supply and WWTWs use in the order of 17% of the total energy consumed by South African municipalities,
including electricity, fuel, etc.178 When only electricity consumption is considered, this value increases to
approximately 25%.179 Furthermore, electricity consumption typically represents approximately 30% of the
total operating cost of an activated sludge based WWTW. In order to implement energy saving measures,
a credible baseline first needs to be established to compare future savings against, and thereby track the
success of the interventions.
Previous studies have found that EE measures implemented within WWTWs will realise between 10 and
30% energy savings per measure and have typical payback periods of between one and five years.180
Typically, cost effective EE measures can result in approximately 25% overall EE improvement at WWTWs
in developing countries. Based on savings of between 5 and 25%, global energy savings of between 34
and 168 TWh per year can be realised. The upper range is approximately the annual power generation of
23 large (1 000 MW each) thermal power plants.181
The Daspoort WWTW only receives a partial flow from the Central Pretoria region that it serves, with the
balance being routed to the Rooiwal WWTW. The feed to the WWTW is predominantly domestic sewage
from the central Pretoria region. The plant is designed to treat 58 MLD with a current flow of 36.2 MLD
(as ADWF). Based on an assumed 0.2 m3/d per 1 PE (people equivalent), this equates to a population of
181 000. The Daspoort technology comprises of a combination of physical, chemical and microbiological
processes to meet the required effluent limits and biosolids specifications as set by the Department of
Water and Sanitation (DWS). The plant incorporates a combination of septage, gravity-fed and pumped
wastewater to the inlet works, mechanical screening, gravitated grit removal, biological trickling filters and
activated sludge processes and chlorination and ultraviolet irradiation. A portion of the treated effluent
is fed to consumers, such as the municipal zoo for irrigation purposes, with the balance released to the
Apies River. The waste sludge is digested and dried before removal from site.

178. South African Cities Network, 2014, note 1.
179. Ibid 178
180. WEC Projects, Biogas Potential – A Survey of South African Wastewater Treatment Works, Deutsche Gesellschaft für
Internationale Zusammenarbeit (GIZ) GmbH Pretoria, South Africa, Jun 2016.
181. Ibid 180
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Based on the execution of the case study using the guideline methodology, it was deemed that the
guideline was sufficiently comprehensive.
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In line with the city’s Green City Strategy and focus on renewable energy and energy efficiency, an energy
audit is well placed to support the sustainability objectives of the City of Tshwane. In addition, the city has
agreed to cooperate with its partners, GIZ and SALGA, to develop a guideline that supports the approach
and processes involved in conducting an energy audit or assessment at a WWTW. As part of the
development of the guideline, two case study audits were compiled to test if the guideline is sufficiently
comprehensive and meets all the requirements of a high-standard municipality. Following approval from
the municipality, Daspoort WWTW was selected as one of the case studies.
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1.1. Objectives of audit
An energy efficiency audit was done to:
1. test the method and suitability of the draft EE audit guidelines in real-life plant conditions;
2. establish a baseline for current energy use at the plant;
3. extract and quantify the most viable points and identify measures to realise energy optimisation and
cost saving;
4. lay the foundation for a business case to motivate resources for implementation of the recommendations;
and
5. motivate further, more in-depth investigations of energy savings opportunities too complex to deal
with comprehensively in this study.

1.2. Methodology summary
A typical energy efficiency audit follows the following basic steps:
1. generating organisational commitment;
2. inception meeting;
3. data collection and interpretation;
4. site inspection and field measurement;
5. status quo, optimisation and benchmarking;
6. compiling an energy efficiency audit report;
7. implementation plan;
8. obtaining funding; and
9. project tracking and reporting.
* Items 8 & 9 are typically post-audit activities.
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For the outcomes of an EE audit to be implemented successfully, organisational commitment is required
before the execution of the EE audit. Although not part of the audit process, the upfront confirmation of
whether organisational commitment is in place will guide the auditor as to what level of support can be
expected. Where a lack of capacity or will is observed, mitigation measures must be applied early on in
the process to ensure all key people are on board.
It is good practice to start any project with an inception meeting, whereby the persons and competencies
required are identified and the rationale for the project is outlined. Such a meeting should result in
agreement on clear goals, a timetable, responsible persons and the expected output. The inception
meeting serves to clarify the project objectives and methodology and to attain the buy-in of the team
members.
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The collection of background data and information, such as inlet flows, monthly electricity accounts,
available process information, etc. are a desktop exercise and serve to familiarise the audit team with the
WWTW processes, technology, overall energy demand and operational costs pertaining to energy use.
Information collation is followed by an on-site assessment, during which an inventory of energy-consuming
and energy-generating equipment is compiled. The data is then interpreted and the largest consumers
are identified, since these will be the largest single points to target for improved energy efficiency. For
WWTWs, these would typically be pumps and aeration equipment, depending on the technology used on
site. Other important potential quick-fixes would be steps such as replacing old lighting and air conditioning
equipment with more energy efficient equivalents when they fail.
The overall energy efficiency of the facility can then be benchmarked against local and international
benchmarks such as specific energy consumed (kWh/m3 treated and kWh/kg COD). Benchmarking
against a WWTWs own historical performance is very useful as well – perhaps even more so than
benchmarking against international benchmarks. This can be done on a facility-wide or per equipment
basis, depending on flow information availability. Locally, these parameters also form part of the latest
Green Drop assessments, which list the following energy monitoring aspects:
y energy consumption over the last financial year (kWh/day), unit cost and total cost (R/year);
y electricity demand projections over the next > 3 years (kWh/day) and projected unit and total cost (R/
year); and
y calculated electricity unit cost for the current year and +1, +2 and +3 years (kWh/m3 wastewater
treated).
Depending on the energy efficiency audit level required and agreed to, field measurements may also be
required over a longer period.
The results from the energy efficiency audit are then summarised in an energy efficiency audit report.
This report will serve as a tool in the justification for the execution of future energy efficiency projects.
The implementation plan focuses on how to implement the identified opportunities. Typically, optimisation
opportunities on the larger power consumers are evaluated per item, e.g. conversion to high efficiency
motors, addition of variable speed drives, etc. The purpose of this step is similar to a business case in
that it should communicate to potential stakeholders exactly what the municipality expects to do, what
resources are needed, and what outcomes will result from the project.
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Energy efficient initiatives often require relatively high initial capital outlay. The benefit is only evident when
considering the life cycle cost benefit and environmental trade-offs. Funding and financing agents that
oversee projects utilise the Regional Bulk Infrastructure Grant (RBIG), Municipal Infrastructure Grant (MIG),
Energy Efficiency and Demand Side Management (EEDSM) Grant, Accelerated Community Infrastructure
Programme (ACIP), and Development Bank South Africa (DBSA) funding and may benefit from a more
direct interest, incentives and practical means to lead energy efficiency drives by local government.
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The success of a project should be measured as it is being implemented (work in progress). Measurements
should focus on providing performance metrics and the status of the schedule, as well as impacts on
operations and maintenance, process performance, and staff. The energy audit provides the baseline at
the commencement of a project, which is used to compare and track progress in terms of the chosen
performance metrics.
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The audit utilises a combination of credible information from the City of Tshwane, as well as data
collected by the audit team and the municipal team during various site walks conducted in October and
November 2018.
Based on time and budget constraints, the audit performed is classified as a level 1 audit, or walkthrough
assessment, as per the classification given in the guideline report, Section 4.2.
The methodology followed in the execution of this audit is as follows:
1. Municipality information gathering: A checklist of information required was sent to the owner to provide
information where available. Where information was not available, it was obtained by visual inspection
on site or by assumption.
2. Site information gathering: A site walkthrough in which photographs of motor tags, coordinates and
elevations were taken was conducted.
3. Information interpretation: Based on the information gathered, data was interpreted and processed to
identify main focus areas.
4. Opportunity definition: The identified main focus areas were developed further.
5. Report compilation: An energy efficiency (EE) audit report was compiled.
The City of Tshwane team is comprised of the following persons, who were involved in various stages of
the audit process:
y David Ntsowe, who provided information on the previous EE audit performed at Rooiwal WWTW;
y Kerneels Esterhuyse, who facilitated the EE audit at Daspoort WWTW;
y Martin Herselman, who provided the single line diagram for Daspoort WWTW;
y Willie Els, who provided support with relevant technical information, operating data and plant operating
experience;
y Masilo Shai, who performed the thorough plant visit, ensuring all items were captured, and freely
shared his operational experience; and
y George Potgieter, who provided historical operating data.
The site inspection took place on 18 October 2018, in the presence of Peter Wille, Marlene van der MerweBotha, André Visser and Masilo Shai.

ANNEXURE C:

DASPOORT WWTW ENERGY
EFFICIENCY AUDIT

156

Guideline for Energy Efficiency Audits at Wastewater Treatment Works

2. Daspoort WWTW energy strategy
2.1. Existing treatment facility and process
During the 12-month period under audit review (September 2017 - August 2018), the Daspoort WWTW
treated on average 36.2 MLD of incoming sewage. This is below the design capacity of 58 MLD. A process
sketch of the facility can be viewed in Annexure B. A Google Earth aerial image of the facility is shown in
Figure 2-1.
Figure 2-1: Aerial image of Daspoort WWTW

The main treatment processes used at Daspoort WWTW are:
A. East inlet works: This inlet works consists of one mechanical screen as well as a standby manual
screen, grit conveyor and grit channels.
B. Primary sedimentation tanks 1 - 4: The primary sedimentation tanks (PSTs) serve the first four
modules of biofilters located on the eastern side of the facility. The sludge is routed to the anaerobic
digesters (AD).

E. PSTs 5 & 6: These PSTs originally served the next two modules of biofilters located in the centre of the
facility. The sludge is routed to the ADs. These units are not currently in operation.
F. Biofilter modules 5 & 6: The supernatant from West PST 3 - 6 is fed to biofilter module no. 5, consisting
of two biofilters. The treated effluent from the biofilters is fed to the associated humus tanks. Biofilter
module 6 is temporarily out of operation.
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D. Humus tanks 1 & 2: The treated effluent from biofilter modules 1 - 4 feeds to two humus tanks. The
supernatant is routed to the disinfection section. The sludge is recirculated to PST 1 - 4.
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C. Biofilter modules 1 - 4: The supernatant from PST 1 - 4 is fed to the four biofilter modules, consisting
of four biofilters each. The treated effluent from the biofilters is fed to humus tanks 1 & 2.
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G. Humus tanks 3 - 6: The treated effluent from biofilter module 5 feeds to two humus tanks. The
supernatant is routed to the disinfection section. The sludge is recirculated to PSTs 1 - 4. The humus
tanks associated with biofilter module 6 are temporarily out of operation.
H. West inlet works: This inlet works consists of two drum screens as well as a standby manual screen,
grit conveyors and two Pista grit settlers. These units are not currently in operation.
I. West PSTs 1 - 6: These PSTs originally served the three activated sludge (AS) modules located on the
western side of the facility. It has, however, been converted so that PSTs 1 & 2 serve the AS modules.
The sludge from these PSTs is routed to the ADs. The treated sewage from AS module 9 is recirculated
to PSTs 3 - 6, so they effectively serve as secondary sedimentation tanks (SST) for this module. The
supernatant is routed as feed to biofilter module 5. The sludge serves as return activated sludge (RAS)
for AS module 9.
J. Activated sludge modules 9 - 11: Supernatant from West PST 1 & 2 feeds to the AS unit. Module
9 has seven mixers in the anaerobic/anoxic zone, while modules 10 & 11 have five mixers each.
Modules 9 - 11 have five surface aerators each in the aerobic section. Three internal recycle pumps
are included in each module. WAS flows directly from modules 9 - 11 under gravity to the dissolved
air flotation (DAF) unit.
K. Secondary sedimentation tanks 1 - 6: The treated effluent from AS modules 10 & 11 feeds to six SSTs.
The supernatant is routed to the disinfection section. The sludge is recycled to the AS modules 9 & 10
as RAS.
L. Dissolved air flotation: The WAS from the AS modules is fed to a DAF system, where the sludge is
thickened prior to being fed to the ADs. The clear underflow is recycled back to the AS modules.
M. Anaerobic digesters 1 - 8: The different waste sludge streams are routed to seven ADs. The roof of
AD no. 6 was blown off in a methane explosion and hence is not currently in operation. All the ADs
are provided with a mixer, although it was not in operation in some of the units. Methane is vented to
the atmosphere but the option of re-using the methane for power generation is being considered. The
heating boiler is not operational so the units are not heated. The digested sludge is routed to sludge
holding dams.
N. Sludge holding dams: The digested sludge is thickened further in sludge holding dams. The recovered
water is re-processed in the east inlet works. The sludge is then routed to the drying beds.
O. Sludge drying beds: Sludge drying beds are available for solar drying of the sludge. Recovered seepage
water is re-processed and the dry sludge is disposed of.
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P. Chlorination: The supernatant from the SSTs and humus tanks is routed to chlorine contact dams.
From here a portion of the final product water is pumped to irrigation. The balance is released to the
Apies River.
Q. Ultraviolet: Ultraviolet disinfection units were installed for the disinfection of the supernatant from the
SST supernatant, but due to cable theft these units are no longer operational and the full stream gets
chlorinated.
R. Office buildings: The site contains a number of office buildings. These facilities have typical electrical
usages such as lighting, air conditioning, etc. A number of high mast lights also provide lighting of
the site.
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S. Workshops: There are a number of workshops with associated offices on site. These contain
maintenance equipment that is utilised on an ad-hoc basis. They also have typical electrical usages
such as lighting, air conditioning, etc.
T. Hostels: Hostels are available for some of the site operators. In addition to typical electrical usages
such as lighting, air conditioning, etc. the hostels also have a number of geysers and kitchen facilities.
U. Laboratory: An extensive laboratory is operated by the City of Tshwane on this site. In addition to
typical electrical usages such as lighting, air conditioning, etc. there are numerous pieces of laboratory
equipment such as ovens, which contribute to the power consumption of the facility.

2.2. Policy
The intention of this audit was partly to generate energy
efficiency (EE) awareness. At present, the facility does
not have an official energy efficiency policy statement
document. The City of Tshwane does, however, focus on
aspects of green energy and sustainability, and the overall
awareness is high. Opportunities such as combined heat
and power (CHP) installations are currently being favoured
and developed in partnership with GIZ, DoE and SALGA to
reduce its dependence on external power sources.
It is, however, recommended that the municipality’s
WWTWs develop an overarching energy efficiency policy
statement to enhance awareness of this aspect among
all staff.

Specific power requirement – The
power requirement to perform a
required task to a specific unit of
material treated. In the case of
WWTW, it is typically kWh/m3 treated
or kWh/kg COD removed, or similar.
By calculating the specific power
requirement, different facilities with
different configurations and feed
and product specifications can be
compared to each other in terms of
efficiencies.

2.3. Accountability
The successful implementation of an energy efficiency project at Daspoort WWTW requires organisational
commitment, competency and resources. International best practice recommends that an energy
management team should be established to drive the development and implementation of an energy
efficiency audit.
The key criteria for success are considered to be the following:
y management must participate in the energy management team;

y ‘feedback loops’ need to be established so that energy performance goals and key performance
indicators are shared within the utility.
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y resources need to be allocated to the project, with a balanced commitment based on an initial estimate
of energy savings; and
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y the energy management team should be cross-functional, including members from elected officials,
management, financial, operations and maintenance;
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The specific responsibilities of the energy management team should include the following:
y Develop a strategic energy management plan: This plan should establish the overall mission, and
document the organisation’s commitment to energy management.
y Establish performance goals, metrics, and incentives: This includes establishing a communications
plan to identify how information should be shared, and setting a schedule of milestones and deadlines.
y Define resource needs: Management should demonstrate a commitment to the programme by
allocating resources to achieve the stated goals. The team will be responsible for identifying resource
needs such as staff time, equipment, and external consulting support. Resource requests should be
balanced with preliminary expectations for energy savings.
y Serve as an energy information clearinghouse: The team should be a group-wide resource to provide
information about energy use and coordinate communications regarding any projects that affect
energy use. For example, recommendations from the energy management team should be coordinated
with the capital improvement planning process.
Since the City of Tshwane Wastewater Treatment Division does not have an energy management team, it
is recommended that such a team be formed.

2.4. Reduction targets
It is recommended that one of the first duties of the energy management team should beto compile EE
targets for Daspoort WWTW. The specific power consumption (SPC) as determined during this study
could be used as a baseline. Adjustments to the baseline value should, however, be considered should
a significant operating change occur, e.g. increased influent, increased influent strength or addition of a
new processing step.
Literature references indicate that a reduction of between 5 and 15% can reasonably be expected to be
achieved, with higher percentages being possible depending on the current EE focus at the facility. This
excludes RE in-house power generation opportunities. Based on this, it is proposed that a reduction of
between 5 and 15% is achieved over a three-year period through the implementation of this EE audit’s
recommendations.
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The sole focus should, however, not only be on energy consumption reduction. WWTWs with AD have a
renewable energy resource available on site that can potentially be tapped in order to reduce the quantity
of expensive non-renewable energy currently being bought from ESKOM. Estimates for the generation of
heat and power from the biogas at Daspoort’s anaerobic digesters are available from previous work done
(GIZ/WEC, 2016).182 There are also often large open areas available that could potentially be utilised for
solar power generation.

182. WEC Projects, Biogas Potential – A Survey of South African Wastewater Treatment Works, Deutsche Gesellschaft für
Internationale Zusammenarbeit (GIZ) GmbH Pretoria, South Africa, Jun 2016.
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2.5. Staff training and awareness
Staff in general, but especially the energy management team, should receive further training regarding the
concepts and methods to be followed in identifying and implementing EE measures.
The developers of the guideline will provide accredited training via WISA on the Energy Efficiency Audit
Guideline, which will contribute to skills enhancement and capacity building at operational and managing
staff level.
In addition, the National Cleaner Production Centre South Africa (NCPC-SA) is a national programme
of government that promotes the implementation of resource efficient and cleaner production
methodologies to assist industry to lower costs through reduced energy, water and materials usage, and
waste management. It is hosted by the CSIR on behalf of the Department of Trade and Industry (dti).183
NCPC provides training courses in energy management systems and energy systems optimisation, which
were developed in partnership with UNIDO as part of their IEE Project. These workshops are aimed at energy
managers, plant and facility engineers, maintenance staff, engineering consultants, service providers to
industry and suitably qualified candidates who are interested in train-the-trainer opportunities.
y The energy management systems programme presents a methodical, organised
y approach to managing energy usage, based on the SANS/ISO 50001 standard. It is aimed at individuals
who are responsible for developing and implementing energy management systems in their companies.
y The energy systems optimisation training programmes include individual courses on a number of
energy systems including pumps, compressed air, fans, steam and motors. The training combines
science, theory and cover management processes, case studies, training on appropriate software
toolkits and practical sessions.
y The resource efficient and cleaner production training programme is a systematic and integrated
approach to managing energy, water, environmental and financial resources, and eliminating or
minimising waste and emissions to the environment, in a sustainable and cost-effective manner. It is
about enhancing the means to meet human needs while respecting the ecological carrying capacity
of the earth by producing more wellbeing with less material consumption. This is measured by the
reduction of resource use and the environmental impact from materials, emissions, and accidental
releases per unit of production, trade, and consumption of goods and services over their full life cycles.

y Energy Efficiency Auditing of a Municipal Wastewater Treatment Works: a two-day course consisting of
one day of theory and one day of practical site inspection, supported by a guideline as study material.

183. National Cleaner Production Centre, Resource Efficiency Training Courses, accessed 19 November 2018 from:
http://ncpc.co.za/green-skills-development/courses-overview.
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y Anaerobic Digestion of Municipal Wastewater Sludge: a two-day course consisting of one day of theory
and one day of practical site inspection, supported by a guideline as study material.
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WISA is another source of accredited training in the field of sludge and energy management, earning
delegates two CPD points for a two-day course. Two courses are specifically relevant to the municipal
sector:

Guideline for Energy Efficiency Audits at Wastewater Treatment Works

3. Energy data analysis
Energy consumption and billing information from September 2017 to August 2018 was received from
City of Tshwane. The study team was provided with a single-line diagram that is included in Annexure C.
Due to budgetary and schedule constraints, no hand-held measurements of power consumption were
performed as part of the EE Audit.

3.1. Energy consumption and cost data
The Daspoort WWTW falls under the ESKOM Miniflex tariff structure. The Miniflex structure is divided into
non-local authority and local authority rates. The local authority tariffs as per the ESKOM 2018/19 Tariff
Book are shown in Table 3-1 below.
Table 3‑1: ESKOM 2018/19 Miniflex local authority tariff structure
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In addition to the active energy charge - the c/kWh paid for power consumed - a number of additional
charges apply, such as daily administration charges and service charges, network demand and capacity
charges, etc. The highest cost time will be the ‘peak’ periods between 07:00 and 10:00 and 17:00 and 21:00
on weekdays (7 hours per day), especially during the high demand season between June and August. The
off-peak time is from 22:00 to 06:00, thus an 8-hour period per day. The balance of the day (9 hours) is
classified as standard.
Since the City of Tshwane is located between 300 and 600 km from the Mpumalanga coal fired ESKOM
power stations, active energy charges as encircled in the relevant table in Table 3-1 should apply. Voltage
is consumed at 400 V and the kVA consumer category is between 500 kVA and 1 MVA, as encircled in
Table 3-1. However, actual unit pricing deviates marginally from these values.
Based on the above and the actual consumption figures received from the City of Tshwane, a number of
observations could be made.

Figure 3-2: Percentage kWh consumed per
rate category

Figure 3-1: Percentage of daily hours
per rate category

29,2%
Peak

24,8%

33,3%

Peak

Off-peak

40,1%
Off-peak

35,2%

37,5%

Standard

Standard

If the percentage of daily hours per category (Figure 3-1) is compared to the percentage of power
consumed per category (Figure 3-2), there does not seem to be a concerted effort to reduce power
consumption during the peak hour periods and to shift it to the standard and off-peak periods where
viable. The variations observed could likely be attributed to the fact that there is a lag between peak hours
and when the wastewater generated during these hours reaches the WWTW, resulting in the peak loading
of the WWTW coinciding with standard and off-peak rate periods.
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The impact of low and high season on the cost of power is illustrated in Table 3-2.
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Table 3‑2: Power cost distribution per billing category
Power only

All charges

Whole
year

Low
season

High
season

Whole
year

Low
season

High
season

Peak

38.8 %

32.2 %

49.3 %

28.0 %

22.6 %

37.2 %

Standard

27.3 %

28.2 %

25.8 %

19.6 %

19.7 %

19.5 %

Off-Peak

20.0 %

22.8 %

15.5 %

14.4 %

16.0 %

11.7 %

Low voltage

14.0 %

16.8 %

9.4 %

10.1 %

11.8 %

7.1 %

Demand

26.6 %

28.4 %

23.5 %

Other

1.4 %

1.6 %

1.0 %

From Table 3-2, the severe impact that peak consumption rates have, especially during the high demand
season, is clear, constituting almost 49% of the amount charged for power only, whilst representing only
approximately 25% of total power consumed.
Thus, implementing load shifting operating procedures can significantly contribute to reducing the cost
of electricity for such a facility.
The monthly power consumption for the period under review is shown in Figure 3-3. The monthly
consumption generally varies between 300 000 and 350 000 kWh. No specific processing equipment
changes occurred during this period to explain the power variations and it can be attributed to variations
in influent quantities and strength.
Other important parameters to consider in comparing the Daspoort WWTW power consumption with
best practice guidelines are summarised in Table 3-3 below.

Figure 3-3: Monthly power consumption

350 000
300 000
250 000
200 000
150 000
100 000
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Power Consumed (kWh/month)

400 000
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Table 3‑3: Benchmarking parameters
Power Only
(R/kWh)

Specific
cost
(c/m 3)

Specific
power
consumed
(kWh/m3)

Peak

Standard

Off-peak

Total

Total
cost (R/
kWh)

Total

1.75

0.87

0.56

0.98

1.36

410

0.306

Low season

1.22

0.76

0.5 4

0.82

1.17

360

0.311

High season

3.34

1.22

0.65

1.45

1.93

558

0.290

Benchmark values for specific power consumption indicated that the typical SPC for biofilter plants is
0.177 kWh/m3 treated and 0.314 kWh/m3 for advanced treatment activated sludge processes.184 Assuming
the flow to the west and east of the Daspoort WWTW is split in a ratio of 4:33, a typical SPC of 0.299
would be expected. Thus, it would seem that some energy efficiency improvement opportunities are
indeed available at Daspoort WWTW. Based on the opportunities identified, the achieved SPC can be
lower than the benchmark value, indicating that care should be taken in evaluating against a benchmark
without knowing whether similar operating conditions and configurations apply. This is to be expected,
considering the age of the facility. This SPC is not necessarily an indication of incorrect management and
operation of the facility.

4. Characteristics of energy use at Daspoort
As part of the development of the Energy Efficiency Guideline, a summary spreadsheet was developed in
which all drives identified are listed. This should serve as a tool to assist the auditor in identifying the large
energy consumers that will typically offer better opportunities for improving energy efficiency of the site.
The outputs from this spreadsheet are included in Annexure D, and the excel version is available from the
project sponsors and authors.

4.1. Overview
Daspoort WWTW uses electricity purchased from ESKOM via the municipal distribution network as the
only energy source on the site. A redundant boiler at the anaerobic digestion section is available on site but
not operational. Biogas generated in the anaerobic digesters is vented to the atmosphere and not utilised
on site. The main power consumers on site are induction motors used predominantly for pumping, mixing
and aeration in the processing facility. Daspoort also has extensive workshops, offices, laboratories and
staff hostels on site.

184. Feng L et al., 2012, note 8.
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It was found that the six highest energy consumers, representing 29 of the 122 drives, consume 81.2%
of the power, excluding the low voltage power used in buildings. The main consumers are summarised
in Table 4-1.

DASPOORT WWTW ENERGY
EFFICIENCY AUDIT

During the site survey, 122 electrical equipment drives were identified. However, the bulk of these drives
are small and hence the drives were sorted based on the percentage contribution they made to the total
power consumption.
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Table 4‑1: Highest power consumers on Daspoort WWTW
Equipment description

Percentage of power consumed (%)

Activated sludge aerators

45.53

Activated sludge A-recycle pumps

15.43

Discharge pumps

7.35

AD mixers

6.63

Biofilters 5 & 6 feed pump

3.94

AS recycle to PST pump

2.32

The induction motors were also grouped according to equipment type association, as per Figure 4-1
on the next page. As expected, the bulk of power consumption occurs in aeration, pumping and mixing
applications, representing 98.5% of total power consumption, excluding buildings. The other equipment
under consideration typically included smaller drives associated with the inlet works, e.g. screens,
conveyors, grit removal equipment, etc.
The power consumption per processing section or process unit of the WWTW is summarised in Figure 4-2.
Figure 4-1: Power consumption per equipment type
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Figure 4-2: Power consumption per procession section
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5. Key energy saving opportunities
5.1. Context
In considering potential opportunities for the improvement of energy efficiency, focus should be placed
on two main aspects, namely:
y quick-fixes with low capital cost in order to start generating improvement momentum, and
y larger consumers on the facility, since these pieces of equipment represent the largest opportunity to
realise an improvement.
A third category includes small equipment (in terms of energy consumption) that is present in large
numbers. Typical examples are lighting installations and small air-conditioning systems, but this category
is probably more useful for building energy audits, for example, than it is for WWTWs.
Experience in EE audits across the world has resulted in the following typical focus areas for WWTWs:
y Aeration equipment (medium to high capital investment with significant EE improvement). Conversion
from surface aeration to fine bubble aeration also results in energy savings.
y Larger pumps (medium capital investment with medium to large EE improvement).

y Pump head reduction (change in operating procedure resulting in more efficient pump operation).
y Load shifting (change in operating procedure resulting in reduced peak hour operation).
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y Replacing lighting with energy efficient lighting (very low cost for quick energy improvement).
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y Biogas utilisation in CHP processes (large capital investment with significant reduction in dependence
on external energy source and thus reduction in power cost). The waste heat from the CHP can further
be used for improving the process, thus further improving the utilisation of the biogas.
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5.2. Aeration
Aeration forms a significant part of the power consumed at Daspoort WWTW with the activated sludge
aerators consuming approximately 2 607 000 kWh/a. The AS aerators consume approximately 45.5% of
the processing power requirement of Daspoort WWTW. This is in line with typical aeration requirements
as reported for activated sludge WWTWs.
The aerators are operated continuously due to the aeration requirements of the different reactors, with
5 x 55 kW aerators for each of the three reactors. An aerator is only taken out of operation during a
mechanical failure.
This could potentially provide a significant opportunity for EE improvement for the Daspoort WWTW facility.
Typically, a dissolved oxygen (DO) concentration of between 1.5 and 2 mg/ℓ is required in an AS system.
However, with the blowers operating continuously at full capacity, it is highly likely that significantly higher
concentrations are achieved at times, especially during periods of lower hydraulic or pollutant loading.
By optimising the system to only provide sufficient aeration and eliminating excess aeration, significant
power savings can be realised. According to some literature references, power savings of between 25 and
50% can be achieved by aligning control parameters with the discharge standard.
If one conservatively assumes that a 20% saving can be realised, this would imply a 9% reduction in total
power consumed on the site, which, based on the last year’s power bills, is an annual operating cost
saving of approximately R500 000.
It is recommended that a more extensive study to optimise the existing aeration operation be initiated. A
typical study of this nature will entail the following:
y Placing DO loggers at strategic positions in the different reactors and logging the DO data over a
period of at least one month.
y Performing a data analysis to more accurately quantify the benefits that can be realised.
y Obtaining pricing for variable speed drives (VSD) on the aerators that do not need to operate at full
capacity continuously. Typically, the first aerators will have to operate at a higher rate than later aerators.
y Reviewing sizing of the last two aerators. In addition to implementing a VSD on them, it may be viable
to reduce the motor size of these aerators, depending on the test results. Care must, however, be taken
to not just temporarily switch off aerators, since this may adversely affect compliance to effluent
quality discharge specifications.
Typical potential economic justification for a project of this nature is indicated in Table 5-1.
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Table 5‑1: Aeration optimisation
Item description

Quantity

Typical cost items*:
VSD drives x 15 @ R50 000 each

R 750 000

DO Loggers x 6 @ R45 000 each

R 270 000

Study and installation costs

R 700 000

TOTAL

R 1 720 000

NPV and IRR calculation period

5 years

Year 1 power saving

R496 000

ESKOM power price escalation (conservative)

8%

Interest rate

11%

Net present value (NPV)

R356 000

Internal rate of return (IRR)

19.3%

Payback time (years)

3.3

*Note: no market pricing was obtained. The quoted values are estimates and not a quotation.

5.3. Pump efficiency
The efficiency of pumps can vary significantly based on the efficiency of the pump, the drive and the
motor selected. The total efficiency achieved is the product of the individual components used, i.e. the
efficiencies of the three components are multiplied with each other to determine the total efficiency.
Thus, if one component has a very low efficiency it will bring the overall efficiency of the pump down.
Thus, selection of an energy efficient pump can provide significant energy efficiency benefits. Likewise,
replacing an old inefficient motor with a high efficiency motor can improve the efficiency of the existing
system significantly. Refurbishment of older pumps (e.g. bearings, impellers, etc. could be worn, or the
drive shaft could be misaligned, etc.) can also result in power savings.
The activated sludge module 9 recycle pump is a Gorman Rupp T10A3S-B/FM pump. The relevant pump
curve is shown in Figure 5-1. The pump has a 22 kW motor. There is no direct flow measurement on the
pump, but since it recirculates the combined feed and RAS stream that enters activated sludge module 9,
the sum of these inlet flows can be assumed to approximate the flow rate. No pressure measurement is
done on the suction and discharge of the pump, so these values could not be verified.
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Figure 5-1: Gorman Rupp T10A3S-B/FM pump curve

Influent flow at the time the measurement was taken was 330 m3/h and RAS flow was 542 m3/h, giving
a combined flow rate of 872 m3/h. As can be seen, this is far to the right of the pump curve and hence
could not be possible. It was, however, noticed that the RAS flow measured for module 9 was significantly
higher than that for modules 10 & 11, which was typically approximately 380 m3/h. It was also confirmed
by operations that the RAS to inflow ratio is 1:1. If this RAS value is assumed, the combined flow would be
660 m3/h, which is still to the right and the end of the pump curve. Since the operating point is towards the
end of the pump curve it results in a low efficiency point of approximately 60%.
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The average low loading of the motors (Annexure D) would suggest either significant variation or oversizing. Therefore, a VSD would be worth investigating further. It may be viable to investigate the benefits
of installing a larger impeller or an additional pump, with two pumps with VSDs operating closer to the
BEP of 79% to reduce energy consumption. The estimated annual electrical power cost for this pump is
approximately R180 000. By logging flow rates and pump operating data over a longer period, a proper
study considering improved flow control and possible impeller size adjustment may be viable and result
in an economical proposal. Not running so far to the right of the pump curve will also result in reduced
wear and tear on the pump.
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The biofilter 5 & 6 feed pump is a Gorman Rupp T8A3S-B/FM pump. The relevant pump curve is shown
in Figure 5-2. The biofilter 5 & 6 feed pump has a 30 kW motor. There is no direct flow measurement on
the pump, but since the PSTs receive the flow from AS module 9 and recirculate the RAS back to the
module, the flow should approximate the fresh feed to AS module 9. Furthermore, a maximum of 15 ℓ/s is
recirculated from PSTs 3 to 6 back to the anoxic zone. No pressure measurement is done on the suction
and discharge of the pump, so these values could not be verified.
Figure 5-2: Gorman Rupp T8A3S-B/FM pump curve
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Typical potential economic justification for a project of this nature is indicated in Table 5-2.
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Influent flow at the time the measurement was taken was 330 m3/h. The operating point is slightly to the
left of the BEP at an efficiency point of approximately 62%. Thus, it may be viable to incorporate VSDs
on these pumps and rather operate two pumps at lower flow rates each, being closer to the BEP of 65%.
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Table 5-2: Biofilter 5 & 6 feed pump optimisation
Item description

Quantity

Typical cost items*:
VSD drives x 1 @ R45 000 each

R45 000

Installation Costs

R22 500

TOTAL

R67 500

NPV and IRR calculation period

5 years

Year 1 power saving

R10 370

ESKOM power price escalation (conservative)

8%

Interest rate

11%

Net present value (NPV)

R-20 950

Internal rate of return (IRR)

-3.20%

Payback time (years)

5.5

*Note: no market pricing was obtained and quoted values are estimates and not a quotation.
Thus, at the assumed values, returns on a project of this nature may be marginal. However, by logging
tank levels, flow rates and pump operating data over a longer period, a proper study considering tank level
impacts and improved flow control and possible impeller size adjustment may be viable and thus improve
the economy of the proposal.

5.4. Energy efficient motors
The Daspoort WWTW utilises 122 induction motors of varying sizes. The larger drives are used for
distribution of treated water (110 kW), surface aerators (55 kW) and transfer pumps (22 & 30 kW),
predominantly in the activated sludge modules. There are, however, numerous smaller drives such as for
inlet screens, conveyors and bridge drives (0.75; 1.1; 3 kW and larger). Due to the age of the facility, some
of these motors are quite old, with some drive tags indicating that the motors were acquired in 1946.
Significant improvement in motor efficiency has happened since these drives were acquired. Thus, as
part of the renewal programme, the site should evaluate replacement of these drives with modern higher
efficiency motors should they fail and need to be replaced.
Electrical motor efficiencies are classified according to an international efficiency (IE) class into classes
IE1, IE2, IE3 and IE4.
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The IE rating refers to the minimum efficiency of the motor at full load. The ratings are defined by IEC/EN
60034-30-1: 2014, a worldwide energy efficiency classification system. It applies to single speed, threephase, 50 and 60 Hz induction motors.
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Figure 5-3 is a graph of the minimum efficiency vs. motor power rating. This graph applies to 4 pole 50
Hz motors only. It can be seen that the higher the IE rating of the motor, the more efficient the motor.
Furthermore, the higher the motor power, the higher the mandated efficiency.

Figure 5-3: Comparison between different motor types’ energy efficiencies
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Thus, conversion from old IE1 type motors to more energy efficient motors in the IE3 or IE4 class will
realise significant power savings. Although many of the drives on site are small, note on the left side
of Figure 5-3 the more pronounced improvement in energy efficiency achieved when converting these
drives to high energy drives.
Care must be taken when considering conversion since these motors tend to run at slightly higher speeds
than standard-efficiency motors and this can have implications for power consumption. Motor loadings
should also be carefully investigated before considering high-efficiency replacements.

5.5. Stormwater ingress
When considering the specific power consumption of a site, it is essential to distinguish between design
inflow and actual inflow as these two reference points can differ, providing a false representation. For
example, a large WWTP (200 MLD) receiving only 75 MLD during drought conditions but the same loading
(kg COD/day) as during pre-drought will have a very high kWh/m3 inflow, although the kWh/m3 design
inflow will be a true reflection.

Studies such as tracer studies can be performed to quantify the amount of undesirable ingress water as
well as to identify point sources of such ingress.
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consumption for pumping of the water will, however, increase proportionately and hence the occurrence
of rainwater ingress needs to be avoided as far as practically possible.
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Consider then this same plant with a large infiltration component (stormwater ingress etc., dilute and
low loading) that will then have a low kWh/m3 inflow for the processing section of the plant. The power
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5.6. Lighting and air-conditioning systems
Lighting at Daspoort WWTW includes metal halide lamps, linear fluorescents and compact fluorescents
and in some instances even still some incandescent light bulbs. For a WWTW, lighting typically consumes
approximately 2% of the total electrical energy used on site annually. However, at Daspoort this is
significantly higher due to the presence of extensive workshops and laboratories. The total low voltage
power consumed is 13% of the total power consumed.
By converting from less efficient lighting types such as incandescent, fluorescent and metal halide lamps
to light emitting diode (LED) lamps as bulbs are replaced, can immediately start contributing to site energy
efficiency. The life of LEDs is also longer than most conventional lighting types.
A 100 W incandescent light bulb generating 1 300 lumens can be replaced with a 13 W LED bulb – an
87% saving in power consumed by the bulb. An equivalent compact fluorescent light (CFL) would be 25 W,
so this still represents a 75% saving compared to incandescent bulbs. Thus, the saving from CFL to LED
would be approximately 48%. Generally, the payback on such replacements is heavily dependent on the
number of hours the lights are used. For general illumination, where the number of lighting hours is high,
the payback is usually very good indeed. In areas where the light is used less frequently, the payback may
be less impressive.
A switch from linear fluorescent to linear LED could save you between 45 and 65% in energy costs.
Several manufacturers offer LED replacement options for high wattage metal halide lamps. Some LED
replacements utilise the existing metal halide ballast, so the retrofit is simply a matter of removing the
metal halide bulbs and replacing them with LED in the same socket. The other option, ballast bypass,
requires rewiring the fixture to take the ballast out of the circuit and supplying line voltage directly to the
sockets. While the advantages of these LED retrofits for metal halide may not be as dramatic as those
for LED replacements for incandescent and halogen bulbs, they are significant enough to recommend
consideration.
The bulb life of LED is claimed to be 25 000 to 30 000 hours. This is significantly higher than incandescent
bulbs with a 1 000-hour life or even halogen lamps with 2 000-hour life. Typically, metal halide light bulbs
have a rated life of around 20 000 hours, so the benefit from longer bulb life is less pronounced. If power
quality is poor, this life expectancy can fall drastically.
However, a 400 W metal halide bulb can typically be replaced with a 200 W LED. Implementing an LED
replacement program should thus result in a 50% reduction in annual energy use (kWh) costs.
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The installation of day/night switches and retrofitting of efficient lighting options are recommended.
Installing lighting control systems (motion and lux level sensors) will reduce lighting costs. It will
automatically switch off lights when there are no people in building areas and control the level of electrical
lighting used as natural lighting increases and decreases.
The site also has a number of air-conditioning units at motor control centres (MCC), the laboratory, offices
and workshops on the facility. Should any of these units need replacement, it is recommended to take
energy efficiency of the unit into consideration during the selection process. Also review the condition
of buildings e.g. broken windows or damaged ceilings, which can result in added inefficiencies in the
utilisation of the air- conditioning system, since heat can be lost faster.
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5.7. Power factor correction
Power factor is the ratio of true power (kW) to apparent power (kVA). The power factor is a dimensionless
number between 0 and 1 that measures how effectively electrical power is used. A high power factor
demonstrates efficient utilisation of electrical power, while a low power factor represents poor utilisation
of electrical power. Electric utilities therefore charge more for a lower power factor. Power factor correction
(PFC) systems reduce apparent power levels resulting from inductive loads such as motors and certain
types of lighting, thus reducing maximum demand and associated charges.
The Daspoort WWTW does not have power factor correction systems installed. For Daspoort, the demand
charges represented 26.6% of the total electricity account. The study did not allow for the main incomer to
be logged, however, a power factor of 0.85 - 0.9 can be expected at the WWTW because of the extensive
use of equipment with high inductive loads such as induction motors. With a well-managed PFC system
in place, a power factor of between 0.95 and 0.97 can be achieved, which will significantly reduce the
demand charges.
It is recommended that Daspoort WWTW performs a monitoring study on the incomers and quantifies
the economy of the installation of a PFC system.

5.8. Load shifting
While municipalities can realise energy and financial savings from energy efficiency interventions in the
water and wastewater treatment system, load shifting holds an additional significant financial saving.
Financial savings of up to 40% have been reported in literature studies, by running selected equipment
during off-peak hours, when electricity costs are substantially less.
Pumping stations can be run at their highest possible capacity during off-peak periods in order to build
reservoir capacity. During peak electricity demand periods, the lifting station would be empty enough
to switch off some of the load or delay start-up of transfer pumps. At Daspoort WWTW, this could, for
instance, be done in the sludge transfer pump stations. One could ensure that the sumps are emptied out
between 06:00 and 07:00 and between 16:00 to 17:00, for example, especially during high demand winter
charge periods. The sumps can then fill during the peak demand hours, with minimal pumping coinciding
with these periods between 07:00 and 10:00 and 17:00 and 21:00 on weekdays.

ANNEXURE C:

175

DASPOORT WWTW ENERGY
EFFICIENCY AUDIT

In wastewater treatment plants, load shifting cannot be done with pre-treatment equipment as they have
to operate 24-hours a day. Flexibility exists in the aeration and mixing chambers, which can be switched
off for longer periods. Load shifting can therefore be focused on this section of the wastewater treatment
works. Load shifting can be more easily done in a plant with VSDs than in one without. It might not be
possible to switch off all extra pumping manually, but VSDs can be used to over-aerate the effluent during
off-peak periods and then be switched off during peak hours or periods of constrained electricity supply.
If load shifting is considered in wastewater treatment plants, microbial loads and compliance to discharge
standards may be an issue and need to be monitored.
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For items such as the PST 1 - 4 bridges which are typically only operated for one hour per day, this
operation can be scheduled to be done between 10:00 and 17:00, during standard rate periods, rather than
at 8:00, which is during the peak rate period and seems to be the current practice.

5.9. Solar energy solutions
Renewable energy sources have become more economically viable over recent years and could reduce
the cost of external energy purchases from ESKOM whilst reducing the carbon footprint of Daspoort
WWTW.
Put simply, solar panels consist of an array of photovoltaic cells that convert sunlight into electricity by a
process known as the photovoltaic effect. Photovoltaic (PV) cells consist of at least two semi-conductive
materials, such as silicon, one of which has a positive charge while the other is negative. When exposed to
sunlight some of the photons are absorbed by the negative semiconductor atoms (at the bottom), which
in turn free electrons to flow (if connected to an electrical load) back to the positive semiconductor (at the
top). This flow of electrons is called direct current (DC).
The individual solar cells are then connected in series strings to build voltage; the strings are connected
in parallel to build current. They are then sealed or laminated and placed in a rigid frame. This makes up
a PV module. These solar modules or panels are available in various sizes, power outputs, and materials.
Using the right conversion equipment, the power generated by solar panels can be used for almost any
load/appliance that requires electrical power to operate.
This power can then be employed on the site for single-phase applications such as lighting and office
equipment, e.g. three-phase power could also be produced if required.
To illustrate the potential benefit and economics of a solar PV solution, a high-level economic evaluation
was performed. Hence, a number of assumptions were required. A potential site for solar PV would be on
the open area to the north of the biofilter modules
1 and 2 and west of the entry gate guard house (refer Figure 5-4). This area is not as isolated as some of
the other available areas and hence the risk of cable theft is lower than at other parts of the site.
This estimate makes provision for a grid tie solar installation with four-hour battery back-up. Including
batteries makes the system much more expensive than if the system is grid ties without storage (and
output curtailed by the inverters if needed). The estimate did not include any fencing or security systems,
assuming the existing security is adequate. The generated power will be used to off-set the average power
consumption across the various tariff rates. However, the inclusion of a battery pack could realise the
utilisation of the power during peak power rate periods.
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Figure 5‑4: Potential solar pv site

Typical potential economic justification for a project of this nature is indicated in Table 5-3.
Table 5‑3: Solar power installation
Item description

Quantity

Typical cost items*:
Installation costs

R1 720 000

TOTAL

R18 920 000

NPV and IRR calculation period

20 years

Year 1 power saving

R4 36 000

ESKOM power price escalation (conservative)

8%

Interest rate

11%

Net present value (NPV)

R-11 527 000

Internal rate of return (IRR)

0.41%

Payback time

19.5 years

*Note: no market pricing was obtained and quoted values are estimates and not a quotation.
Thus, at the assumed values, returns on a project of this nature shows that this option is not yet
economically viable. The economy could, however, be improved by specifically utilising the stored solar
power only during peak tariff periods, thus significantly increasing the saving realised. The economy can
be further improved by not including battery storage – this would probably halve the investment. The
financial modelling also does not consider maintenance and battery replacement costs, which will further
negatively impact this option. The high cost of solar PV makes this investment unattractive. However,
solar energy can still be considered in the future as an alternative energy source should implementation
costs reduce.
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The use of solar water heaters or heat pumps rather than electrical geysers can also be considered when
existing electrical geysers fail.

5.10. Biogas co-generation
Watergroup (Pty) Ltd undertook a specialist study on biogas potential at Daspoort WWTW in January
2016, using the WRC CHP-tool to perform an estimate of the biogas that can be generated and the
corresponding power generated, as per Table 5-5.
Typical potential economic justification for a project of this nature is indicated in Table 5-4.
Table 5‑4: CHP economic evaluation
Item description

Quantity

Typical cost items*:
CHP installed Cost
Study Costs
TOTAL

R22 992 000
R2 300 000
R25 292 000

NPV and IRR calculation period

10 years

Year 1 power saving

R3 395 000

ESKOM power price escalation (conservative)

8%

Interest rate

11%

Net present value (NPV)

R3 631 000

Internal rate of return (IRR)

14.53%

Payback time (years)

5.8

*Note: no market pricing was obtained and quoted values are estimates and not a quotation.
Thus, at the assumed values, returns on a project of this nature could justify such a project. However,
the above analysis is based on a large number of assumptions and it is recommended that a thorough
analysis be performed, if not already done by the municipality, to verify the viability.
In anaerobic digestion, one rate limiting step in the process is the rate at which the cell walls can be
ruptured, i.e. cell lysis. By inducing cell lysis, a number of benefits can be achieved:
y biogas production in the digesters is significantly increased (up to 20%);
y the biogas methane content is improved and the residual sludge production is reduced (15-20%);
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y digestate viscosity is reduced, thus reducing the electricity consumption of the digester system; and
y as a result of the above process intensification, the loading on existing digester can be increased, or
where new digesters are being installed, smaller digesters can be utilised.
There are three categories of cell lysis enhancement technology, namely chemical cell lysis, thermal cell
lysis and ultrasonic cell lysis (Anaerobic Digestion Guideline by GIZ, SALGA and WaterGroup, 2019).
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Table 5-5: Daspoort WWTW biogas and electricity generation estimate185
WRC CHP feasibility tool as applied to:

TSHWANE Daspoort WWTW
Mod 1 (1-4)

Mod 2
(5-6)

Mod 3 (9-11)

9

9

40

40

4.0

0.0

33.0

33.0

700

505

553

553

350

197

230

230

Settled

Settled

Settled

Default

Plant

Design flow, MLD

58

Actual present flow, MLD

37

Raw COD, mg/l
Raw suspended solids, mg/l
Settled or unsettled

Settled

COD settled out in PST

30%

30%

30%

30%

SS settled out in PST

50%

50%

50%

50%

YES

YES

YES

Primary sludge to anaerobic digester

YES

Est. PS solids to digester %

4%

4.0%

4.0%

4.0%

VSS content of primary sludge

80%

80%

80%

80%

TF

AS

AS

20

20

20

YES

YES

YES

Technology (trickling filter/act sludge)
Sludge age, days

TF
12-20

Humus/ WAS to digester

YES

Humus/ WAS solids to digester %

2.5%

2.5%

2.5%

2.5%

VSS content of secondary sludge

75%

75%

75%

75%

Number of digesters, no.

7

1

4

2

2

Volume per digester, m

13322

5650

918

2000

2000

35

30

35

3

Digester operating temperature, oC

32-38

Hydraulic retention, days

>15

55.0

55.0

n/a

55.0

VSS loading, VSS/m .d

1.6 -3.6

0.4

0.4

n/a

0.4

VSS destruction

35%-58%

5 4%

51%

n/a

55%

2 935

335

0

2 601

2 601

Thermal power at 23 MJ/m , kWt

791

90

0

700

700

Electrical power at 36% eff, kWe

285

32

0

252

252

Electrical energy per day, kWh/d

6 831

779

0

6 052

6 052

Electrical energy per annum, kWh

2 493 234

284 174

0

2 209 060

2 209 060

3 390 799

386 477

0

3 004 321

3

Biogas produced, m /d
3

3

Elec. energy cost per year at R1,36/kWh, R /a

394

0

3 795

3 795

Secondary sludge produced, kg/d

3443

540

0

2 903

2 903

Primary sludge produced, kl/d

105

10

0

95

95

Secondary produced, kl/d

138

22

0

116

116

Primary sludge to digester, kg/d

4 189

394

0

3 795

3 795

Secondary sludge to digester, kg/d

3443

540

0

2 903

2 903

Primary sludge to digesters, kl/d

105

10

0

95

95

Secondary sludge to digester, kl/d

138

22

0

116

116

Digester mixed feed solids, %

3.1%

3.0%

0.0%

3.2%

3.2%

Primary VSS to digester kg/d

3 351

315

0

3 036

3 036

Secondary VSS to digester kg/d

2 582

4 05

0

2 177

2 177

Primary VSS destroyed kg/d

2 195

206

0

1 989

1 989

Secondary VSS destroyed kg/d

1 021

160

0

861

861

Digestate solids content, %

1.8%

1.8%

0.0%

1.8%

1.8%

185. WEC Projects, 2016, note 3.
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In chemical cell lysis, chemicals such as caustic soda or sulphuric acid are utilised to either increase or
decrease the pH of the liquid to a level where the cell walls will rupture. The pH must then be neutralised prior
to feeding it to the AD system. This results in significant chemical addition costs as well as an increase in the
dissolved solids in the water, resulting in high operating costs and adverse environmental impacts.
In thermal cell lysis, heat is used to rupture the cell walls. This requires significant quantities of heat either
from electrical sources or from steam generated from biogas. Thus, it is energy intensive and offsets a
significant portion of the carbon footprint reduction of the site achieved by CHP.
Ultrasound is defined as sound in the range of 20 kHz to 10 MHz. However, the lower end of the range
(20 to 40 kHz) is utilised to achieve ultrasonic cavitation. When localised, the pressure falls below the
evaporation pressure of water, resulting in the explosive formation of small bubbles. This results in
strong mechanical shear forces that can destroy robust surfaces such as cell walls. The ultrasound first
decomposes the agglomerations at low energy followed by further sonification which causes cell lysis.
This releases the cell content, making it easily available for degradation. In addition, it releases enzymes
from cells (usually destroyed where heating processes are used) which stimulates microbial activity. The
results are improved digester performance, i.e. volatile solids destruction and increased biogas production,
i.e. methane yield.
Typical potential economic justification for a project of this nature is indicated in Table 5-6.
Table 5‑6: Ultrasonic cell lysis economical evaluation
Item description

Quantity

Typical cost items*:
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Cell lysis cost

R3 000 000

Installation costs

R1 500 000

TOTAL

R4 500 000

% fresh feed to AD routed via lysis unit

30%

No. of cell lysis units installed

2

% biogas production increase

15%

NPV and IRR calculation period

10 years

Year 1 power saving

R509 000

ESKOM power price escalation (conservative)

8%

Interest rate

11%

Net present value (NPV)

R-397 000

Internal rate of return (IRR)

8.89%

Payback time (years)

7.1

*Note: no market pricing was obtained and quoted values are estimates and not a quotation.

Thus, at the assumed values, returns on a project of this nature could justify such a project. However,
the above analysis is based on a large number of assumptions and it is recommended that a thorough
analysis be performed to verify the viability, including laboratory scale testing.
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5.11. Micro hydropower
Due to limited elevation changes, this option is not considered a viable alternative for Daspoort WWTW.

5.12. Impact summary
The impacts achieved with the cases developed as part of the level 1 audit performed are summarised in
Figure 5-5.
For the level 1 audit, two scenarios were developed to indicate pricing and saving levels. However, a number
of opportunities that required more detailed evaluations and on-site measurements were identified and
highlighted that could likely result in a further > 10 % power saving.
The impact of potential RE project energy import savings is distributed equally between the various
consumers in the diagram. Practical system lay-out may dictate a different approach.

5.13 Greenhouse gas reduction
Optimisation of the energy efficiency at WTWW has a direct impact on carbon footprint reduction, and
is thereby a climate change mitigator. Table 6-1 shows that the implementation of DO and VSDs on the
activated sludge aeration zones, as well as the optimisation of biofilter 5 & 6 feed pumps, could reduce
382 843 kg CO2eq.
This saving is calculated as follows:
GHG emission values for power from the ESKOM grid are 0.99 kg CO2/kWh excluding transmission losses

and 1.03 kg CO2/kWh including transmission losses. Thus, for every kWh consumed on a WWTW, 1.03 kg
CO2 of greenhouse gas is emitted by ESKOM on behalf of the WWTW.
Thus, for every kWh energy saving achieved by implementing the EE initiative, 1.03 kg CO2 GHG gas
release reduction is achieved. The % GHG emission reduction will thus also be the same as the % kWh
saving realised.

6. Recommendations and conclusions
6.1. Next steps
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In line with recommended international best practices, it is recommended that the City of Tshwane
establishes an energy management team and develops an energy efficiency policy statement document,
both at the municipal level and site level. A number of potential opportunities have been identified in
this audit. It is recommended that an energy efficiency project plan is compiled with a project manager
who drives these opportunities. Without such dedicated focus, experience has shown that daily operating
workload prevents the existing staff from also implementing EE opportunities.

ANNEXURE C:

DASPOORT WWTW ENERGY
EFFICIENCY AUDIT

Figure 5‑5: Energy Efficiency implementation diagram

Guideline for Energy Efficiency Audits at Wastewater Treatment Works

182

Guideline for Energy Efficiency Audits at Wastewater Treatment Works

Some of the opportunities show a marginal return on investment. However, the assumptions used are
generally conservative and it is recommended that the costs of solutions, as well as the potential savings
be defined in more detail before discarding these solutions. The use of green energy solution grants
and funding opportunities with no or lower interest rates will also significantly improve the IRR of the
proposals. Optimisations such as using solar power and CHP specifically for peak load shaving and not
throughout the day as currently modelled will also improve the economy of these solutions.
Furthermore, best practice recommends dividing opportunities into short-, medium- and long-term
opportunities. In this way, some quick fixes can be achieved by implementing small short-term changes,
thus initiating momentum. For Daspoort WWTW, the following opportunities are recommended for the
three categories:

Short term:
y Arrange training sessions to create awareness amongst all staff regarding energy efficiency and the
roles they play on a daily basis by performing small actions that all contribute e.g. by switching off
lights when they leave a room.
y Replace inefficient lights with more efficient options such as LED.
y Should air-conditioning units fail, replace them with energy-efficient units.
y Should geysers fail, replace them with solar geysers.

Medium term:
y Add motion detection switches to lights in ablutions and conference rooms to ensure lights are
switched off when rooms are not in use. Typically, motion sensors are not used in offices but in rooms
that are less frequently used. Whether this is recommendable for the labs would depend on how much
of the time they are occupied.
y Implement load shifting changes - often these changes are just a change in operating procedures with
no capital or maintenance cost expenses that result in operating cost savings.
y As old and low energy efficiency motors need to be replaced, replace them with higher efficiency
motors (IE3 or IE4) if technically viable.
y Investigate potential illustrative pump modifications from this report. As these are either implemented
or rejected, investigate the viability of installation of VSDs on the larger drives on site, starting with the
biggest.
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y Implement power factor control systems where economically viable. These systems normally have a
very short payback time.
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Long term:
y Perform a study on the DO levels in the activated sludge reactors to ascertain whether over-aeration
occurs. If so, investigate whether VSD drives on selected aerator motors would provide justifiable
power savings and even whether smaller aerator motors in the final compartment of the reactors may
be an option.
y Evaluate the potential of solar power generation in unutilised plant areas to supplement the power
imported. This could also serve as an emergency power source for critical drives during power supply
failures and load shedding.
y Refurbish damaged anaerobic digesters. Investigate the installation of biogas storage and CHP
equipment to utilise the biogas already generated on site and currently vented into the atmosphere.
This will eliminate the release of undesirable methane gas into the atmosphere. Methane is 30 times
more potent than carbon dioxide as a greenhouse gas (GHG) and mitigation of CH4 is a first response
to climate change from a wastewater management perspective.
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N/A
N/A

N/A

N/A

Load shifting

Power factor correction

Conversion to energy-efficient
lighting and air conditioning

Motor start control strategy

Conversion to energy-efficient
motors

Opportunities requiring further detailed studies

Total renewable opportunities

Ultrasonic cell lysis
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Combined heat and power

Solar power generation

2 692 000
N/A

1 977 000

Total savings

214 000

2 478 000

N/A

157 000

Biofilter 5 & 6 feed pumps

Renewable energy opportunities

1 820 000

509 000
4 340 000

3 184 000

3 395 000

4 36 000

506 370

10 370

496 000

R/a

374 000

2 490 000

320 000

371 620

7 620

364 000

kWh/a

kWh/a

R/a

Savings

Technical

Current

DO measurement and VSDs on
aerators

Power saving opportunities

Recommendation

Table 6‑1: Energy efficiency opportunities for Daspoort WWTW

79.4

9.4

62

8.0

9.30

0.19

9.11

%

N/A

N/A

329 600

382 843

7 84 3

375 000

kg CO 2eq

46 510 000

4 510 000

23 100 000

18 900 000

1 787 500

67 500

1 720 000

R

Cost

N/A

-397 000

3 631 000

-11 500 000

N/A

-20 900

356 000

R

NPV

Financial

N/A

8.89

14.5

0.41

N/A

-3.2

19.3

%

IRR

N/A

7.0

5.8

19.5

N/A

5.5

3.3

Years

Payback
time
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6.2. Areas for future study
Some of the recommended actions would require further study or further work to be performed in order
to verify assumptions made as part of this energy efficiency audit. These include:
y Studies on pump and sump level operation to ascertain whether frequency of pump- start and stops
can be reduced by adjusting level ranges in sumps or whether the use of level control and VSD drives
can reduce the total power consumed as well peak demand loads as a result of frequent starting of
certain pumps.
y Study the DO levels in the activated sludge reactors to ascertain whether over-aeration occurs and
quantify the potential power saving opportunities that can be realised.
y Evaluate the reinstatement of the boiler for the heating of the AD reactors to improve their efficiency
and thus increase biogas generation for CHP. Waste heat from the CHP could also be used for this
purpose.
y This study highlighted typical opportunities, but the scope and duration did not allow for any logging
of power consumption trends on specific drives. A power analyser can be utilised to log the operation
of especially the high power consuming drives and based on this informed decisions on the viability of
incorporation of VSDs, high efficiency motors, etc. can be made.

7. Annexures
A. Pre-audit information request
B. Daspoort process sketch
C. Single-line diagram
D. Site assessment tool output

ANNEXURE C:

DASPOORT WWTW ENERGY
EFFICIENCY AUDIT

186

Guideline for Energy Efficiency Audits at Wastewater Treatment Works

7.1 Annexure A: Pre-audit information request
Received

Item

Description

A

Auditor information

A1

Auditor name: P Wille

A2

Contact number: 082 922 2150

A3

Contact e-mail: peter@prodromos.co.za

G

General information

G1

Site Name: Daspoort WWTW

G2

Owner: City of Tshwane

G3

Type of technology: biofilters and activated sludge

G4

Contact person: Kerneels Esterhuyse

G5

Contact number: 012 358 0702

G6

Contact e -mail: KerneelsE@TSHWANE.GOV.ZA

G7

Site coordinates: 25°4 4’4.00”S; 28°10’41.16”E

1

Yes

No

Historical records

Yes

No

1.1

Electrical consumption records – preferably 3 years utility bills, but at
least 12 months to allow for seasonal fluctuations

1 year

1.2

Tariff structures – structures as from ESKOM/municipal supply,
preferably three years and information on anticipated escalation if pre
-agreed

Miniflex

1.3

Plant loading/flow records - Preferably 3 years, but at least 12 months to
allow for seasonal fluctuations

Received

1.4

Effluent limits – as per water use licence

Received

1.5

Previous EE audits or studies – any previous reports and findings on EE
for the site

N/A

2

Design detail

Yes

2.1

Design basis – original design specification – hydraulic and pollutant
loading, etc.

2.2

As-built drawing – the latest process flow and piping and
instrumentation drawings of the facility. If any new changes have been
implemented that are not reflected these must be highlighted.

Flow
Scheme

2.3

Site lay-out drawings – the latest site lay-out drawings reflecting main
equipment lay-out and elevation differences

Received

2.4

Equipment lists - lists of all mechanical equipment including manual
equipment as per original design as well as plant modifications

Received

2.5

Electrical load lists – lists of all electrical equipment with motors as
per original design as well as plant modifications indicating motor load
information

Partial in
equip list

Not
available
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Received

Item

Description

2.6

Equipment datasheets and pump and blower curves – any equipment
specific datasheets that are available, especially pump and compressor
curves

2.7

Electrical single -line diagrams – diagrams reflecting the electrical
infrastructure configuration

2.8

Cable MV schedules

3

Manuals

Yes

3.1

Plant operating manuals – both for the original design and for any
process modifications implemented

Guideline
received

3.2

Plant maintenance manuals – both for the original design and for any
process modifications implemented

4

Maintenance records

4.1

Maintenance database on existing electrical equipment

Not
available

4.2

Maintenance database on electrical infrastructure

Not
available

Yes

No
Not
available

Received
Not
available

Not
available
Yes
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7.2 Annexure B: Daspoort WWTW process flow diagram
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7.3 Annexure C: Single-line diagram
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7.4 Annexure D: Site assessment tool output
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Notes
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Executive summary
Background: The City of Mbombela has entered into a management agreement with Sembcorp to operate
its water and wastewater treatment works (WWTW). Kingstonvale WWTW is the largest of the WWTWs
with four modules of trickling filters and one activated sludge module. The treated water from the trickling
filters is further improved in a polishing unit following activated sludge principles. The facility is located on
the north-eastern outskirts of Nelspruit on the road to Kanyamazane.
Kingstonvale WWTW is a registered Class B plant, located on the Crocodile River in the X22J Quaternary
Catchment and is the main sewage works for Nelspruit city. The plant treats the domestic wastewater
of the greater Nelspruit region and also receives wastewater from the abattoir, Coca-Cola Fortune,
Manganese Metal Company and Delta EMD. The plant is designed to receive and treat 26 MLD on a
continuous basis, with its current flow being 18.4 MLD (as ADWF). The technology incorporated at the
plant is activated sludge and trickling biofilters for the liquid streams, and drying beds and anaerobic
digestion for the sludge streams.
Purpose of energy efficiency audit: An energy efficiency (EE) audit was done to: i) test the method and
suitability of the draft EE audit guidelines in real-life plant conditions; ii) establish a baseline for current
energy use at the plant; iii) extract and quantify the most viable points and identify measures to realise
energy optimisation and cost saving; and iv) lay the foundation for a business case to motivate resources
for implementation of the recommendations.
Methodology: The methodology as outlined in the Guideline for Energy Efficiency Audits (Rev01, January
2019) was applied.
Energy efficiency audit findings: The Kingstonvale WWTW receives power from the 11 kV ESKOM supply
which is then let down via two local transformers to 400 V. The site also has a back-up diesel generator
to ensure power supply during power failures. For the past 12 months the facility utilised between 219 000
and 269 000 kWh/month at a monthly cost of between R202 000 and R367 000. The ESKOM Ruraflex tariff
structure is used in determining the electricity cost for the site. The power bills received by the WWTW were
analysed, and the impact of low and high season on the cost of power is illustrated in Table 0-1.
Table 0‑1: Power cost distribution per billing category
Power only

All charges
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Whole
year

Low
season

High
season

Whole
year

Low
season

High
season

Peak

29.6%

26.6%

38.9%

20.4%

17.6%

28.8%

Standard

41.9%

43.1%

38.1%

28.2%

28.2%

28.0%

Off-peak

28.5%

30.3%

23.0%

19.1%

19.8%

16.9%

Demand

21.1%

22.2%

17.6%

Other

11.3%

12.2%

8.7%

From Table 0-1, the severe impact that peak consumption rates have, especially during the high demand
season, constituting almost 39% of the amount charged for power alone, whilst representing approximately
15% of total power consumed, can be observed.
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It was found that the nine highest energy consumers, representing 35 of the 117 drives, consume 79.4%
of the power, excluding the low voltage power used in buildings. The main consumers are summarised
in Table 0-2.
Table 0‑2: Highest power consumers on Kingstonvale WWTW
Equipment description

Percentage of power consumed (%)

Lifting station pumps

27.5

Activated sludge aerators

16.1

Polishing aerators

10.1

Anaerobic digesters mixers

6.8

Biofilter effluent sump pumps

6.3

Utility air compressor

2.8

Polishing R AS pump

2.8

Activated sludge mixers

4.9

Polishing mixers

2.1

The induction motors were also grouped according to equipment type association, as per Figure 0-1 below.
As was expected, the bulk of power consumption occurs in aeration, pumping and mixing applications,
representing 94.0% of total power consumption excluding buildings.
In most activated sludge facilities, the aeration system is the highest power consumer. For Kingstonvale
the unusually large lifting station pumps skew the pumping energy proportion. Hence, a separate
equipment comparison was also developed excluding the lifting station pumps as per Figure 0-2. As was
expected in this scenario, the aerators represent the largest power consumer on the processing site.

Figure 0-1: Power consumption per equipment type
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40,00%
30,00%
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Figure 0-2: Power consumption per equipment type excluding lifting station pumps
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Value proposition: The above figures translate to the following opportunities, which indicate the potential
impact should the audit recommendations be implemented:
y 2.86% of the total energy demand of the plant can be saved through the implementation of opportunities
identified in the level 1 energy efficiency audit. Further opportunities that require a more detailed level
2 audit have, however, been highlighted for further investigation and could substantially increase the
projected saving.
y The abovementioned opportunities represent a power consumption saving of 98 500 kWh/a.
y The cost of the current energy use is R3 160 000 per annum, with savings opportunities to the value
of R104 000 having been identified.
y Renewable energy opportunities could also potentially substitute 67.7% of the current power
consumption.
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y The corresponding savings and reduced GHG footprint associated with the power savings opportunities
equate to 101 500 kg CO2eq.
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Combined heat and power

Solar power generation

456 000
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Total savings

88 000
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Table 0-3: Energy efficiency opportunities for Kingstonvale WWTW
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Recommendations: The following measures were identified and categorised as follows for Kingstonvale
WWTW in order to achieve the above opportunity costs:
Short term:
y Arrange training sessions to create awareness amongst all staff regarding energy efficiency and the
roles they play on a daily basis by performing small actions that all contribute e.g. by switching off
lights when they leave a room.
y Replace inefficient lights with more efficient options, such as LED.
y Should air-conditioning units fail, replace them with energy-efficient units.
y Should geysers fail, replace them with solar geysers.
Medium term:
y Add motion detection switches to lights in laboratories and offices to ensure lights are switched off
when rooms are not in use. One would need to investigate the number of hours these facilities are
used. Typically motion sensors do not pay back in office environments except in bathrooms, storage
rooms, and other such infrequently used areas. For the labs, it will depend on how much they are
used. As for light sensors (with dimmable lights), it could make sense to use them in some areas with
variable daylight availability, but one would have to calculate the cost-benefit on a case-by-case basis.
In an office environment it is often possible to reduce overall lighting and use task lighting to reduce
overall energy consumption for lighting.
y Implement load shifting changes. Often these changes are just a change in operating procedures, with
no capital or maintenance cost expenses, but can result in operating cost savings.
y As old and low energy efficiency motors need to be replaced, replace them with higher efficiency
motors (IE3 or IE4), if technically viable.
y Investigate potential illustrative pump modifications from this report. As these are either implemented
or rejected, investigate the viability of installation of VSDs on the larger drives on site, starting with the
biggest. Pumps should also be checked for wear on impellers, bearings etc.
Long term:
y Continue optimisation of DO control in the activated sludge reactor and expand the lessons learnt to
the polishing unit operation.
y Evaluate the potential of solar power generation in unutilised plant areas to supplement the power
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imported. If battery storage is included (as per the case study in the report), this could also serve as
an emergency power source for critical drives during power supply failures and load shedding. Battery
storage, however, makes the investment much higher. Generally solar is not really viable as a backup
power supply. Nonetheless, solar PV can assist with ‘peak shaving’ by supplying renewable energy
during the expensive peak demand periods, thus reducing the electricity cost significantly. This is
generally a more viable solution. If net metering is allowed, excess power can be fed back into the grid,
if not, it is possible to curtail the output. Generally, one should strive to have as high a solar utilisation
factor for the plant’s own consumption as possible.
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y Refurbish damaged anaerobic digesters and the biogas storage tank. Investigate the installation of CHP
equipment to utilise the biogas already generated on site and currently vented into the atmosphere.
This will eliminate the release of undesirable methane gas (which is 30 times more potent than carbon
dioxide as a greenhouse gas) directly into the atmosphere.
Some of the recommended actions require further study or further work to be performed in order to verify
assumptions made as part of this energy efficiency audit. This includes the following:
y Studies on pump and sump level operation to ascertain whether frequency of pump start and stops
can be reduced by adjusting level ranges in sumps, or whether the use of level control and VSD drives
can reduce the total power consumed, as well as peak demand loads as a result of frequent starting
of certain pumps.
y Evaluate the installation of a boiler for the heating of the AD reactors to improve their efficiency and
thus increase biogas generation for CHP.
y The possibility to utilise the old sludge storage dams that are being diverted to buffer tanks to also
serve as a load-shifting tool to minimise loading during peak power tariff periods should be quantified.
y This study highlighted typical opportunities, but the scope and duration did not allow for any logging
of power consumption trends on specific drives. Sembcorp already owns a power analyser that can
be utilised to log the operation of the high power consuming drives in particular, and based on this
data more informed decisions could be made on the viability of incorporating VSDs, high efficiency
motors, etc.
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1. Introduction
Wastewater treatment works (WWTWs) are one of the largest energy consumers within the municipal
sector. Optimisation of the energy efficiency at these facilities could potentially result in significant carbon
footprint reduction, as well as operating cost savings.
EE audits pose specific benefits when executed in WWTWs due to the high power requirements of these
types of facilities, which constitute a significant proportion of power consumed by municipalities. Water
supply and WWTWs use in the order of 17% of the total energy consumed by South African municipalities,
including electricity, fuel, etc. When only electricity consumption is considered, this value increases to
approximately 25%. Furthermore, electricity consumption typically represents approximately 30% of the
total operating cost of an activated sludge based WWTW.
Previous studies have found that EE measures implemented within WWTWs will realise between 10 and
30% energy savings per measure and have typical payback periods of between 1 and 5 years. Typically,
cost-effective EE measures can bring up to 25% overall EE improvement at WWTWs in developing
countries. Based on savings of between 5 and 25%, global energy savings of between 34 and 168 TWh
per year can be realised. The upper range is approximately the annual power generation of 23 large (1 000
MW each) thermal power plants.
The Kingstonvale WWTW serves a residential population of 50 000 to 60 000 people, with an additional
approximately 15 000 people entering the city from other regions for work. The feed to the WWTW is
predominantly domestic sewage from the Nelspruit region. The plant is designed to treat 26 MLD with a
current flow of 18.4 MLD (as ADWF). The technology is comprised of a combination of physical, chemical
and microbiological processes to meet the required effluent limits and biosolids specifications set by the
Department of Water and Sanitation. The plant incorporates a combination of septage, gravity-fed and
pumped wastewater to the inlet works, mechanical screening, gravitated grit removal, biological trickling
filters and activated sludge processes and chlorination. A portion of the treated effluent is used for wash
water on site as well as irrigation purposes, with the balance released to the Crocodile River. The waste
sludge is digested and dried before removal from site.
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In line with Sembcorp’s history of implementing energy optimisation measures and focus on renewable
energy and energy efficiency, an energy audit is well placed to support the sustainability objectives of
Sembcorp. In addition, Sembcorp has agreed to cooperate with its partners, GIZ and SALGA, to develop a
guideline that supports the approach and processes involved in conducting an energy audit or assessment
at a WWTW. As part of the development of the guideline, two case study audits were compiled to test if
the guideline is sufficiently comprehensive and meets all the requirements of a high- standard water and
wastewater treatment company. Following approval from Sembcorp, Kingstonvale WWTW was selected
as one of the case studies.
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1.1 Objectives of audit
An energy efficiency audit was done to:
1. test the method and suitability of the draft EE Audit Guidelines in real-life plant conditions;
2. establish a baseline for current energy use at the plant;
3. extract and quantify the most viable points and identify measures to realise energy optimisation and
cost savings;
4. lay the foundation for a business case to motivate resources for implementation of the recommendations;
and
5. motivate further, more in-depth investigations of energy savings opportunities too complex to deal
with comprehensively in this study.

1.2 Methodology summary
A typical energy efficiency audit follows the following basic steps:
1. generating organisational commitment;
2. inception meeting;
3. data collection and interpretation;
4. site inspection and field measurement;
5. status quo, optimisation and benchmarking;
6. compiling an energy efficiency audit report;
7. implementation plan;
8. obtaining funding; and
9. project tracking and reporting.
* Items 8 and 9 are typically post audit activities.
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It is good practice to start any project with an inception meeting, whereby the persons and competence
required are identified and the rationale for the project is outlined. Such a meeting needs to result in
agreement on clear goals, a timetable, the responsible persons and the expected output. The inception
meeting serves to clarify the project objectives and methodology and to attain the buy-in of the team
members.
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For the outcomes of an EE audit to be implemented successfully, organisational commitment is required
before the execution of the EE audit. Although not part of the audit process, the upfront confirmation of
whether organisational commitment is in place, will guide the auditor as to what level of support can be
expected. Where a lack of capacity or will is observed, mitigation measures must be applied early on in
the process to ensure all key people are on board.
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The collection of background data and information, such as inlet flows, monthly electricity accounts,
available process information, etc. are a desktop exercise and serve to familiarise the audit team with the
WWTW processes, technology, overall energy demand and operational costs pertaining to energy use.
Information collation is followed by an on-site assessment during which an inventory of energy-consuming
and energy-generating equipment is compiled. The data is then interpreted and the largest consumers
are identified, since these will be the largest single points to target for improved energy efficiency. For
WWTWs, these would typically be pumps and aeration equipment, depending on the technology used
on site. Other important potential quick fixes would be measures such as replacing old lighting and airconditioning equipment with more energy-efficient equivalents when they fail.
The overall energy efficiency of the facility can then be benchmarked against local and international
benchmarks such as specific energy consumed (kWh/m3 treated and kWh/kg COD). Benchmarking
against a WWTWs own historical performance is very useful as well – perhaps even more so than
benchmarking against international benchmarks. This can be done on a facility-wide or per equipment
basis depending on flow information availability. Locally, these parameters also form part of the latest
Green Drop assessment which lists the following energy monitoring aspects:
y energy consumption over the last financial year (kWh/day), unit cost and total cost (R/year);
y electricity demand projections over the next > 3 years (kWh/day) and projected unit and total cost (R/
year); and
y calculated electricity unit cost for current year and +1, +2 and +3 years (kWh/m3 wastewater treated).
Depending on the energy efficiency audit level required and agreed to, field measurements may also be
required over a longer period.
The results from the energy efficiency audit are then summarised in an energy efficiency audit report.
This report will serve as a tool in the justification for the execution of future energy efficiency projects.
The implementation plan focuses on how to implement the identified opportunities. Typically, optimisation
opportunities on the larger power consumers are then evaluated per item, e.g. conversion to high efficiency
motors, addition of variable speed drives, etc. The purpose of this step is similar to a business case in
that it should communicate to potential stakeholders exactly what you expect to do, what resources are
needed, and what outcomes will result from the project.
The success of a project should be measured as it is being implemented. Measurements should focus
on providing performance metrics and the status of the schedule, as well as impacts on operations and
maintenance, process performance, and staff.
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Energy efficient initiatives can often require relatively high initial capital outlay. The benefit is only evident
when considering the life cycle cost benefit and environmental trade-offs. Funding and financing agents
that oversee projects utilise the Regional Bulk Infrastructure Grant (RBIG), Municipal Infrastructure
Grant (MIG), Energy Efficiency and Demand Side Management (EEDSM) Grant, Accelerated Community
Infrastructure Programme (ACIP), and Development Bank South Africa (DBSA) funding and may benefit
from a more direct interest, incentives and practical means to lead energy efficiency drives by local
government.
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The audit utilises a combination of relied upon information received from Sembcorp as well as data
collected by the team in conjunction with Sembcorp during various site visits and walks conducted in
October and November 2018.
Based on time and budget constraints, the audit performed is classified as a level 1 audit, or walkthrough
assessment, as per the classification given in the Guideline Report, Section 4.2.
The methodology followed in the execution of this audit is as follows:
1. Municipality information gathering: A checklist of information required was sent to the owner to provide
information where available. Where information was not available, it was obtained by visual inspection
on site or by assumption.
2. Site information gathering: A site walkthrough in which photographs of motor tags, coordinates and
elevations were taken was conducted.
3. Information interpretation: Based on the information gathered, data was interpreted and processed to
identify main focus areas.
4. Opportunity definition: The identified main focus areas were developed further.
5. Report compilation: An energy efficiency (EE) audit report was compiled. The following persons were
involved in various stages of the audit process:
y Louis Klapprott, who facilitated the EE audit at Kingstonvale WWTW, and provided support with
relevant technical information, operating data and plant operating experience;
y Izak Fourie, who provided support with relevant technical information and arrangements for the day
of the audit;
y Peter Wille, who led the energy efficiency audit and conducted site measurements; and
y Marlene van der Merwe-Botha, who oversaw the project and provided training liaison and support.

2. Kingstonvale WWTW energy strategy
2.1 Existing treatment facility and process
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During the 12-month period under review from September 2015 - August 2018, the Kingstonvale WWTW
treated on average 18.4 MLD of incoming sewage. This is below the design capacity of 26 MLD (as ADWF).
A process sketch of the facility can be viewed in Annexure B. A Google Earth aerial image of the facility is
shown in Figure 2-1.
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Figure 2-1: Aerial image of Kingstonvale WWTW

The main treatment processes used at Kingstonvale WWTW are as follows:
A. Inlet works: The inlet works consists of two mechanical screens as well as a standby manual screen,
grit classifiers and two Pista grit settlers. The sewage then flows to the main lifting station.
B. Lifting station: Due to the volumes and the significant elevation difference from the lifting station to
the WWTW inlet works, six large centrifugal pumps (between 110 and 160 kW) are used to transfer the
sewage to the main processing plant.
C. Diesel generator: Due to the criticality of the operation of these pumps, a 1 250 kVA diesel generator is
located at this site and can provide emergency power to the lifting station pumps as well as the main
site.
D. Primary sedimentation tanks 1 - 4: These primary sedimentation tanks (PSTs) serves the four modules
of biofilters. The sludge is routed to the anaerobic digesters (AD).
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E. Biofilters 1 - 4: The supernatant from PST 1 - 4 is fed to the four biofilter modules. The treated effluent
from the biofilters is fed to the polishing unit to further upgrade it in order to comply with release
specifications.
F. Polishing unit: The treated effluent from the biofilters feeds to the polishing unit, which is effectively a
secondary activated sludge (AS) process used to polish the biofilter product water further. The unit has
three mixers in the anaerobic/anoxic zone and three surface aerators in the aerobic section. Internal
recycle pumps are included in the unit configuration. Waste activated sludge (WAS) flows directly from
the reactor under gravity to the AS waste sludge and then to dissolved air flotation (DAF).
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G. Secondary sedimentation tanks 1 - 4: The treated effluent from the polishing unit feeds to four
secondary sedimentation tanks (SST). The supernatant is routed to the disinfection section. The
sludge serves as return activated sludge (RAS) back to the polishing unit.
H. PSTs 5 & 6: These PSTs serves the AS module. The sludge is routed to the AD.
I. Activated sludge module 1: Supernatant from PSTs 5 & 6 feeds to the AS unit. The unit has eight
mixers in the anaerobic/anoxic zone and eight surface aerators in the aerobic section. Internal recycle
pumps are included in the unit configuration.
J. Clarifiers 1 - 2: The treated effluent from the AS unit feeds to two clarifiers. The supernatant is routed
to the disinfection section with a side stream being routed to the chlorine contactor and the DAF
saturator. The sludge is routed to a sump from which the WAS is fed to the DAF unit and the bulk
serves as return activated sludge (RAS) back to the AS unit.
K. Chlorination: The supernatant from the SSTs and clarifiers is routed to two chlorine contact tanks.
From here, a portion of the final product water is pumped to irrigation and plant wash water systems.
The balance is released to the Crocodile River.
L. Dissolved air flotation: The WAS from the polishing and AS modules is fed to a DAF system where
the sludge is thickened prior to being fed to the ADs. The clear underflow is recycled back to the AS
modules.
M. Anaerobic digesters 1 - 3: The different waste sludge streams are routed to three ADs. All the ADs
are provided with a mixer, although it was not in operation on all the units. The site has a gas bladder,
but it is no longer operational. Methane is currently vented into the atmosphere but the option of reusing the methane for power generation is being considered. The 2019 capital expenditure budget
allows for collecting, measuring and flaring the methane as a phase 1, thus reducing the greenhouse
gas emission levels from the site. There is no heating boiler on site so the units are not heated. The
digested sludge is routed to a sludge thickening unit and/or sludge drying beds. Sembcorp has a
capital project underway to install a flare.
N. Sludge thickening: The digested sludge is thickened further in a sludge thickening system consisting
of flocculant addition, two sludge presses, conveyors and a dry sludge removal system. The dried
sludge is then disposed of. The recovered water is reprocessed.
O. Sludge drying beds: When the sludge thickener is not in operation, sludge drying beds are available for
solar drying of the sludge. Recovered seepage water is re-processed.
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P. Staff accommodation and ablutions: The site contains a number of buildings such as the motor control
centre (MCC), workshops, stores, ablution facilities, production and maintenance foreman housing,
etc. These facilities have typical electrical usages such as lighting, air conditioning, etc. A number of
high mast lights also provide lighting of the site.
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2.2 Policy
The intention of this audit was partly to generate energy efficiency (EE) awareness. At present, the facility
does not have an official energy efficiency policy statement document. Sembcorp does, however, focus
on aspects of green energy and sustainability, and the overall awareness is high. They have already
implemented a number of EE improvement projects in the last couple of years such as installation of
energy management systems on the lifting station pumps, peak factor control and dissolved oxygen
measurement on the AS unit to control the aerator operation. Opportunities such as combined heat and
power (CHP) installations are currently being favoured and developed in partnership with GIZ, DoE and
SALGA to reduce dependence on external power sources.
It is, however, recommended that Sembcorp develops an overarching energy efficiency policy statement
for its water and wastewater treatment works in order to enhance awareness of this aspect among all staff.

2.3 Accountability
The successful implementation of an energy efficiency project at Kingstonvale WWTW requires
organisational commitment, competency and resources. International best practices recommend that
an energy management team should be established to drive the development and implementation of an
energy efficiency audit.
The key criteria for success are considered to be the following:
y management must participate in the energy management team;
y the energy management team should be cross-functional, including members from elected officials,
management, financial, operations and maintenance;
y resources need to be allocated to the project, with a balanced commitment based on an initial estimate
of energy savings; and
y ‘feedback loops’ need to be established so that energy performance goals and key performance
indicators are shared within the utility.
The specific responsibilities of the energy management team should include the following:
y Develop a strategic energy management plan: This plan should establish the overall mission, and
document the organisation’s commitment to energy management.
y Establish performance goals, metrics, and incentives: This includes establishing a communications
plan to identify how information should be shared, and setting a schedule of milestones and deadlines.
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y Define resource needs: Management should demonstrate a commitment to the programme by
allocating resources to achieve the stated goals. The team will be responsible for identifying resource
needs such as staff time, equipment, and external consulting support. Resource requests should be
balanced with preliminary expectations for energy savings.
y Serve as an energy information clearinghouse: The team should be a group-wide resource to provide
information about energy use and coordinate communications regarding any projects that affect
energy use. For example, recommendations from the energy management team should be coordinated
with the capital improvement planning process.
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Sembcorp has an energy management team. The team consists of the technical services, operations
analyst who monitors energy efficiency measurements, along with an assistant. They, together with other
disciplines, meet formally once per month to discuss options and monitor progress on EE interventions.

2.4 Reduction targets
It is recommended that one of the first duties of the energy management team should be to compile EE
targets for Kingstonvale WWTW. The specific power consumption (SPC) as determined during this study
could be used as a baseline. Adjustments to the baseline value should, however, be considered should a
significant operating change occur, e.g. increased influent, increased influent strength or the addition of
a new processing step.
Literature references indicate that a reduction between 5 and 15% can reasonably be expected to be
achieved, with higher percentages being possible depending on the current EE focus at the facility. This
excludes RE in-house power generation opportunities. Based on this, it is proposed that a reduction
of between 5 and 15% is achieved over a three-year period from implementation of this EE audit’s
recommendations.
The sole focus should, however, not only be on energy consumption reduction. WWTWs with AD have a
renewable energy resource available on site that can potentially be tapped in order to reduce the quantity
of expensive non-renewable energy currently being bought from ESKOM. Estimates for the generation of
heat and power from the biogas at Kingstonvale’s anaerobic digesters are available from previous work
done (GIZ/WEC, 2016). There are also often large open areas available that could potentially be utilised
for solar power generation.

2.5 Staff training
Staff in general, but especially the energy management team, should receive further training regarding
the concepts and methods to be followed in identifying and implementing EE measures.
The developers of the guideline will be performing training of operators on this aspect.
In addition, the National Cleaner Production Centre South Africa (NCPC-SA) is a national programme
of government that promotes the implementation of resource-efficient and cleaner production
methodologies to assist industry to lower costs through reduced energy, water and materials usage, and
waste management. It is hosted by the CSIR on behalf of the Department of Trade and Industry.

y The energy systems optimisation training programmes include individual courses on a number of
energy systems including pumps, compressed air, fans, steam and motors. They combine science
and theory and cover management processes, case studies, training on appropriate software toolkits
and practical sessions.
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NCPC provides training courses in energy management systems and energy systems optimisation,
which were developed in partnership with UNIDO as part of their IEE Project. These workshops are aimed
at energy managers, plant and facility engineers, maintenance staff, engineering consultants, service
providers to industry and suitably qualified candidates who are interested in train-the-trainer opportunities.
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y The resource-efficient and cleaner production training programme is a systematic and integrated
approach to managing energy, water, environmental and financial resources, and eliminating or
minimising waste and emissions to the environment, in a sustainable and cost-effective manner. It is
about enhancing the means to meet human needs while respecting the ecological carrying capacity
of the earth by producing more wellbeing with less material consumption. This is measured by the
reduction of resource use and the environmental impact from materials, emissions, and accidental
releases per unit of production, trade, and consumption of goods and services over their full life cycles.
WISA is another source of accredited training in the field of sludge and energy management, earning
delegates 2 CPD points for a two-day course. Two courses are specifically relevant to Kingstonvale and
Sembcorp staff:
y Anaerobic Digestion of Municipal Wastewater Sludge: a two-day course consisting of one day of theory
and one day of practical site inspection, supported by a guideline as study material. This course was
attended by the technical services, operations analyst and the future plant foreman in November 2018.
y Energy Efficiency Auditing of a Municipal Wastewater Treatment Works: a two-day course consisting
of one day of theory and one day of practical site inspection, supported by a guideline as study material.

3. Energy data analysis
Energy consumption and billing information from December 2010 was received from Sembcorp. This
extended period of data was extremely useful to observe trends. More detailed focus was placed on
the last 12 months of data, i.e. from September 2017 to August 2018. As part of a previous study by the
GIZ team on Kingstonvale, a single-line diagram was developed and is included in Annexure C. Due to
budgetary and schedule constraints, no hand-held measurements of power consumption were performed
as part of the EE Audit.

3.1 Energy consumption and cost data
Due to its location, the Kingstonvale WWTW falls under the ESKOM Ruraflex tariff structure. Typical
applicable tariffs as per the ESKOM 2018/19 Tariff Book are shown in Table 3-1 on the next page.
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Table 3‑1: ESKOM 2018/19 Ruraflex tariff structure

In addition to the active energy charge, the c/kWh paid for power consumed, a number of additional
charges apply, such as daily administration charges and service charges, network demand and capacity
charges, etc. The highest cost time will be the ‘peak’ periods between 07:00 and 10:00 and between 17:00
and 21:00 on weekdays (7 hours per day), especially during the high demand season between June and
August. The off-peak time is from 22:00 to 06:00, thus an 8-hour period per day. The balance of the day
(9 hours) is classified as ‘standard’.
Since Mbombela is located between 300 and 600 km from the Mpumalanga coal-fired ESKOM power
stations, active energy charges as encircled in the relevant table in Table 31 apply. Voltage is consumed
at 400 V and the kVA consumer category is between 500 kVA and 1 MVA, as encircled in Table 3-1.
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Based on the above and the actual consumption figures received from Sembcorp, a number of
observations could be made.
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Figure 3-1: Percentage of daily
hours per rate category

Figure 3-2: Percentage kWh consumed
per rate category

33,3%
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29,2%
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15,3%

Off-peak
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Peak

40,2%

37,5%
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If the percentage of the daily hours per category (Figure 3-1) is compared to the percentage of power
consumed per category (Figure 3-2), it is clear that an effort has been made to reduce power consumption
during the peak hour periods and to shift it to the standard and off-peak periods. The variation could
also be partially attributed to the fact that there is a lag between peak hours and when the wastewater
generated during these hours reaches the WWTW, resulting in the peak loading coinciding with standard
rate periods.
The impact of low and high season on the cost of power is illustrated in Table 3-2.
Table 3‑2: Power cost distribution per billing category
Power only

All charges

Whole year

Low
season

High
season

Whole year

Low
season

High
season

Peak

29.6%

26.6%

38.9%

20.4%

17.6%

28.8%

Standard

41.9%

4 3.1%

38.1%

28.2%

28.2%

28.0%

Off-peak

28.5%

30.3%

23.0%

19.1%

19.8%

16.9%

Demand

21.1%

22.2%

17.6%

Other

11.3%

12.2%

8.7%

From Table 3-2, the severe impact that peak consumption rates have, especially during the high demand
season, is clear, constituting almost 39% of the amount charged for power alone, whilst representing only
approximately 15% of the total power consumed.
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Thus, implementing load shifting operating procedures can significantly contribute to reducing the cost
of electricity for such a facility.
Since the incoming flow rate could not be measured for several months in the period under review, the
SPC for Kingstonvale WWTW was calculated over a period of 24 months rather than just the period under
review. The SPC for the facility was 0.424 kWh/m3 treated.
Benchmark values for specific power consumption indicated that the typical SPC for biofilter plants is
0.177 kWh/m3 treated and 0.314 kWh/m3 for advanced treatment activated sludge processes. However,
with the polishing unit located downstream of the biofilters, a typical SPC of 0.314 kWh/m3 would be
expected. The lifting station requirement at the inlet works, however, significantly contributes to the
Kingstonvale WWTW SPC, as will be discussed in later sections of the report.
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3.2 Historical power consumption
Since a longer duration of energy consumption data was received, a trend in energy consumption over
a longer period could be compiled. No significant variation in influent flow rate was observed over the
corresponding period.
From November 2014, a significant reduction in power consumption with a corresponding reduction in
SPC can be observed.

Figure 3-3: Monthly power consumption
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Figure 3-4: Monthly specific power consumption
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The reduction was due to a concerted effort to manage the activated sludge aerator use. Prior to this, the
aerators were operational continuously, but this was reduced.

3.3 Characteristics of energy use at Kingstonvale
As part of the development of the Energy Efficiency Guideline, a summary spreadsheet was developed in
which all drives identified are listed. This should serve as a tool to assist the auditor in identifying the large
energy consumers that will typically offer better opportunities for improving energy efficiency of the site.
The outputs from this spreadsheet are included in Annexure D.

4. Overview
Kingstonvale WWTW uses electricity purchased from ESKOM as the main energy source on the site. A
1 250 kVA diesel generator is also available to provide back-up power during power failures in order to
reduce the risk of raw sewage entering the inlet works and overflowing to the Crocodile River. Biogas
generated in the anaerobic digesters is vented and not utilised on site. The main power consumers on
site are induction motors used predominantly for pumping, mixing and aeration in the processing facility.
Kingstonvale also has some workshops, offices and staff housing on site.
During the site survey, 117 electrical equipment drives were identified. However, the bulk of these drives
are small and hence the drives were sorted based on the percentage contribution they made to the total
power consumption.
It was found that the nine highest energy consumers, representing 35 of the 117 drives, consume 79.4%
of the power, excluding the low voltage power used in buildings. The main consumers are summarised
in Table 4-1.
Table 4‑1: Highest power consumers on Kingstonvale WWTW
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Equipment description

Percentage of power consumed (%)

Lifting station pumps

27.5

Activated sludge aerators

16.1

Polishing aerators

10.1

Anaerobic digesters mixers

6.8

Biofilter effluent sump pumps

6.3

Utility air compressor

2.8

Polishing R AS pump

2.8

Activated sludge mixers

4.9

Polishing mixers

2.1

The induction motors were also grouped according to equipment type association, as per Figure 4-1
below. As expected, the bulk of power consumption occurs in aeration, pumping and mixing applications,
representing 94% of total power consumption excluding buildings.
The other equipment under consideration typically included smaller drives associated with the inlet works,
e.g. screens, conveyors, grit removal equipment, etc.
In most activated sludge facilities, the aeration system is the highest power consumer.
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Figure 4-1: Power consumption per equipment type
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For Kingstonvale, the unusually large lifting station pumps skew the pumping energy proportion.
Hence, a separate equipment comparison was also developed excluding the lifting station pumps as
per Figure 4-2. As was expected in this scenario, the aerators represent the largest power consumer on
the processing site.

Figure 4-2: Power consumption per equipment type excluding lifting station pumps
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The power consumption per processing section of the WWTW is summarised in Figure 4-3.
Figure 4-3: Power consumption per procession section
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5. Key energy saving opportunities
5.1 Context
In considering potential opportunities for the improvement of energy efficiency, focus should be placed
on two main aspects, namely:
y quick fixes with low capital cost in order to start generating improvement momentum; and
y larger consumers on the facility, since these pieces of equipment represent the largest opportunity to
realise an improvement.
A third category is small (in terms of energy consumption) equipment that is present in large numbers.
Typical examples are lighting installations and small air-conditioning systems, but this category is probably
more useful for building energy audits, for example, than for WWTWs.
Experience in EE audits across the world has resulted in the following typical focus areas for WWTWs:
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y Aeration equipment (medium to high capital investment with significant EE improvement). Conversion
from surface aeration to fine bubble aeration also results in energy savings.
y Larger pumps (medium capital investment with medium to large EE improvement).
y Biogas utilisation in CHP processes (large capital investment with significant reduction in dependence
on external energy source and thus reduction in power cost). The waste heat from the CHP can also
be used for improving the process, thus further improving the utilisation of the biogas.
y Replacing of lighting with energy efficient lighting (very low cost for quick energy improvement).
y Pump head reduction (change in operating procedure resulting in more efficient pump operation).
y Load shifting (change in operating procedure resulting in reduced peak hour operation).
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5.2 Aeration
Aeration forms a significant part of the power consumed at Kingstonvale WWTW, with the activated
sludge aerators consuming approximately 593 000 kWh/a and the polishing unit aerators approximately
373 000 kWh/a. Since the lifting pumps are not part of the processing facility, the proportion of energy
consumed by the aerators is reported here excluding the power consumed by these pumps. The AS
aerators consume approximately 24.5% and the polishing unit aerators 15.4% (39.9% combined) of the
processing power requirement of Kingstonvale WWTW.
In most activated sludge facilities aeration typically represents between 50 and 60% of the power
consumed. Hence, the Kingstonvale proportion is relatively low. The lower proportion can be attributed
to two main factors:
1. Extensive and excellent work has been done over the last couple of years to improve the efficiency
of the aeration system by incorporating dissolved oxygen (DO) analysers/loggers at strategic points
in the reactor. The surface aerators were also fitted with variable speed drives (VSDs) to adjust the
speed of the motors based on the aeration requirements whilst still operating the motors close to their
best efficiency point and to even temporarily switch off some of the aerators during low
loading periods. Experience has, however, shown that completely switching off some of the aerators
is not desirable and could impact on treated water quality compliance values.
2. The Kingstonvale facility is located on a site with steep inclines and hence larger than normal pumps
are utilised for recirculation of streams against the slope, resulting in a higher than normal percentage
of power consumed by pumps.
Evaluations are still underway to fully quantify the impact of the VSDs and to further optimise the system.
A similar approach for the polishing unit is also recommended. Typical potential economic justification for
a project of this nature is indicated in Table 5-2.
Table 5‑1: Aeration optimisation
Item description

Quantity

Typical cost items*:
DO Loggers x 2 @ R45 000 each

R90 000

Study and installation costs

R100 000

TOTAL

R340 000

NPV and IRR calculation period

5 years

Year 1 power saving

R73 600

ESKOM power price escalation (conservative)

8%

Interest rate

11%

Net present value (NPV)

R-23 300

Internal rate of return (IRR)

8.08%

Payback time (years)

4.1

*Note: no market pricing was obtained and quoted values are estimates and not a quotation.
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VSD drives x 3 @ R50 000 each
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Some literature sources also recommend over-aeration during the non-peak rate hours in the early morning
and then cutting back on aeration once the peak rate hours start and then only gradually increasing the
aeration rate as the DO levels are depleted, thus shifting aeration energy from peak to cheaper non-peak
periods. The author is, however, wary of whether this will result in justifiable EE improvements given the
potential operating risks.

5.3 Pump efficiency
The efficiency of pumps can vary significantly based on the efficiency of the pump, drive and motor
selected. The total efficiency achieved is the product of the individual components used, i.e. the
efficiencies of the three components are multiplied with each other to determine the total efficiency.
Thus, if one component has a very low efficiency it will bring the overall efficiency of the pump down.
The selection of an energy-efficient pump can therefore provide significant energy efficiency benefits.
Likewise, replacing an old inefficient motor with a high-efficiency motor can improve the efficiency of
the existing system significantly. Refurbishment of older pumps (e.g. bearings, impellers, etc. could be
worn, or the drive shaft could be misaligned, etc.) can also result in power savings.
The largest pumps utilised on the Kingstonvale WWTW site are the six lifting pumps that have power
ratings that range between 110 and 185 kW. Assuming two to four in operation and four to two on
standby and based on running hours reported, these pumps consume more than 25% of the total power
consumption of the facility. As a result, their operation is being monitored and a power management
system has been installed on them. An efficiency test has previously been conducted on these pumps.
At the time of the visit, pump no. 5 (160 kW) on the south side and pump no. 2 (132 kW) on the north side
were operational, delivering 177.52 ℓ/s (639 m3/h) and 201.33 ℓ/s (725 m3/h) respectively. The test curves
for these pumps are included in Annexure E. According to the system and pump and test curves, pump
no. 2 should be delivering approximately 95 - 110 ℓ/s and pump no. 5 approximately 210 ℓ/s. Thus, either
the flow meters are incorrectly calibrated, or changes may have been implemented on the pumps, e.g.
change of impeller size, subsequent to the development of the test curves.
According to the study conducted on the efficiency of these pumps in the past, the pumps have a
theoretical best efficiency point of 83.5%. Actual efficiencies determined during the study measured
Figure 5-1: Lifting station power control unit
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efficiencies of between 57 and 92%. If the 92% value is disregarded, the measured efficiencies varied
between 57 and 74% and thus some capacity for operating closer to the BEP may exist.
Both the biofilter effluent sump pumps and the polishing unit RAS pumps are Gorman Rupp T8A3S-B/
FM pumps. The relevant pump curve is shown in Figure 5-2. The biofilter effluent sump pumps have 30
kW motors and the polishing unit RAS pumps have 15 kW motors.
The differential pressure on the polishing unit RAS pumps was 55 kPa (Pin = -30 kPa and Pout = 25 kPa)
which results in a differential head of 5.5 m. Flow at the time the measurement was taken was 385.6
m3/h. However, the operating point is towards the end of the pump curve and at a low efficiency point of
approximately 50%. Thus, it may be viable to incorporate VSDs on these pumps and rather operate two
pumps at lower flow rates each, which will be closer to the BEP of 66.5%.
Typical potential economic justification for a project of this nature is indicated in Table 5-2.
At the assumed values, returns on a project of this nature may be economically justifiable. Not running
so far to the right of the pump curve will also result in reduced wear and tear on the pump, a maintenance
cost saving that has not been considered in the economic modelling above. However, by logging tank
levels, flow rates and pump operating data over a longer period, a proper study considering tank level
impacts and improved flow control and possible impeller size adjustment may be viable and thus improve
the economy of the proposal.

Figure 5-2: Gorman Rupp T8A3S-B/FM pump curve
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Table 5‑2: Polishing unit RAS pumps optimisation
Item description

Quantity

Typical cost items*:
VSD drives x 3 @ R22 000 each

R 66 000

Installation costs

R 33 000

TOTAL

R 99 000

NPV and IRR calculation period

5 years

Year 1 power saving

R28 293

ESKOM power price escalation (conservative)

8%

Interest rate

11%

Net present value (NPV)

R27 800

Internal rate of return (IRR)

22.09%

Payback time (years)

3.0

*Note: no market pricing was obtained and quoted values are estimates and not a quotation.
The differential pressure on the biofilter effluent sump pumps was 130 kPa (Pin = -10 kPa and Pout = 120
kPa), which results in a differential head of 13 m. No flow measurement was available for this pump at
the time of performing the on-site evaluation. However, assuming the impeller diameter as installed is as
per the selected pump curve, the measured head is closer but still towards the right of the pump curve at
approximately 61%.
Typical potential economic justification for a project of this nature is indicated in Figure 5-2.
Table 5-3: Biofilter effluent sump pumps optimisation
Item description

Quantity

Typical cost items*:
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VSD drives x 3 @ R45 000 each

R 135 000

Installation costs

R 67 500

TOTAL

R 202 500

NPV and IRR calculation period

5 years

Year 1 power saving

R15 100

ESKOM power price escalation (conservative)

8%

Interest rate

11%

Net present value (NPV)

R-124 000

Internal rate of return (IRR)

-21.6%

*Note: no market pricing was obtained and quoted values are estimates and not a quotation.
Thus, at the assumed values, returns on a project of this nature would not be economically justifiable at
current electricity prices.
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5.4 Energy efficient motors
The Kingstonvale WWTW utilises 117 induction motors of varying sizes. The larger drives are used
for lifting pumps (110 - 160 kW), surface aerators (30, 45 & 55 kW) and transfer pumps (22 & 30 kW),
predominantly in the activated sludge and polishing modules. There are, however, numerous smaller
drives such as for inlet screens, conveyors and bridge drives (0.75; 1.1; 3 kW and larger).
Significant improvement in motor efficiency has occurred in the last couple of years. Thus, as part of
the renewal programme and where not already done, the site should evaluate replacement of these
drives with modern higher efficiency motors should they fail and need to be replaced.
Electrical motor efficiencies are classified according to an international efficiency (IE) class into classes
IE1, IE2, IE3 and IE4.
The IE rating refers to the minimum efficiency of the motor at full load. The ratings are defined by IEC/
EN 60034-30-1: 2014, a worldwide energy efficiency classification system. It applies to single speed,
three-phase, 50 and 60 Hz induction motors.
Figure 5-3 is a graph of the minimum efficiency vs. motor power rating. This graph applies to four-pole
50 Hz motors only. It can be seen that the higher the IE rating of the motor, the more efficient the motor.
Furthermore, the higher the motor power, the higher the mandated efficiency. Thus, conversion from
old IE1-type motors to more energy-efficient motors in the IE3 or IE4 class will realise significant power
savings. Although many of the drives on site are small, note on the left side of Figure 5-3 the more
pronounced improvement in energy efficiency achieved when converting these drives to high energy
drives.
Care must be taken when considering conversion since these motors tend to run at slightly higher
speeds than standard-efficiency motors, and this can have implications for power consumption. Motor
loadings should also be carefully investigated before considering high-efficiency replacements.
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Figure 5-3: Comparison between different motor types energy efficiencies
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5.5 Storm water ingress
When considering the specific power consumption (SPC) of a site, it is essential to distinguish between
design inflow and actual inflow as these two reference points can differ, providing a false representation
(e.g. a large WWTP (200 MLD) receiving only 75 MLD during drought conditions, but the same loading (kg
COD/day) as during pre-drought, will have a very high kWh/m3 inflow, although the kWh/m3 design inflow
will be a true reflection).
Consider then this same plant with a large infiltration component (storm water ingress etc., dilute and low
loading) that will then have a false low kWh/m3 inflow SPC value for the processing section of the plant.
The power consumption for pumping of the water will, however, increase proportionately, and hence the
occurrence of rainwater ingress needs to be avoided as far as practically possible. In a facility such as
Kingstonvale, where the topography of the site necessitates significant pump head to transfer the influent
to the different treatment processes, the impact of this additional hydraulic loading on the transfer pumps
leads to a significant increase in total power consumed at the site.
Studies such as tracer studies can be performed to quantify the amount of undesirable ingress water as
well as to identify point sources of such ingress.

5.6 Lighting and air-conditioning systems
Lighting at Kingstonvale WWTW includes metal halide lamps, linear fluorescents and compact
fluorescents. For a WWTW, lighting typically consumes approximately 2% of the total electrical energy
used on site annually. Converting from less efficient lighting types such as metal halide lamps to light
emitting diode (LED) lamps as bulbs need to be replaced can immediately start contributing to site energy
efficiency. The life of LEDs are also longer than most conventional lighting types.
A 100 W incandescent light bulb generating 1 300 lumens can be replaced with a 13 W LED bulb, leading
to an 87% saving in power consumed by the bulb. An equivalent compact fluorescent light (CFL) would be
25 W, which constitutes a 75% saving compared to incandescent bulbs. Thus, the saving from CFL to LED
would be approximately 48%. Generally, the payback on such replacements is heavily dependent on the
number of hours the lights are used. For general illumination where the number of lighting hours is high,
the payback is usually very good indeed. In areas where the light is used less frequently, the payback may
be less impressive though.
A switch from linear fluorescent to linear LED could save you between 45 and 65% in energy costs.

ANNEXURE D:

ENERGY EFFICIENCY AUDIT KINGSTONVALE
WASTEWATER TREATMENT WORKS

Several manufacturers offer LED replacement options for high wattage metal halide lamps. Some LED
replacements utilise the existing metal halide ballast, so the retrofit is simply a matter of removing the
metal halide bulbs and replacing them with LED in the same socket. The other option, ballast bypass,
requires rewiring the fixture to take the ballast out of the circuit and supplying line voltage directly to
the sockets. While the advantages of these LED retrofits for metal halide may not be as dramatic as
those for LED replacements for incandescent and halogen bulbs, they are significant enough to warrant
consideration.
The bulb life of LED is claimed to be 25 000 to 30 000 hours. This is significantly higher than incandescent
bulbs with a 1 000-hour life or even halogen lamps with 2 000-hour life. Typically, metal halide light bulbs
have a rated life of around 20 000 hours, so the benefit from longer bulb life is less pronounced. If power
quality is poor though, this life expectancy can fall drastically.
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However, a 400 W metal halide bulb can typically be replaced with a 200 W LED. Implementing an LED
replacement program should thus result in a 50% reduction in annual energy use (kWh) costs.
The installation of day/night switches (mostly already in place at Kingstonvale) and retrofitting of efficient
lighting options are recommended. Installing lighting control systems (motion and lux level sensors) will
reduce lighting costs. They will automatically switch off lights when there are no people in building areas
and control the level of electrical lighting used as natural lighting increases and decreases.
The site also has a number of air-conditioning units at motor control centres, offices and houses on the
facility. Should any of these units need replacement, it is recommended that energy efficiency of the unit is
taken into consideration during the selection process. The condition of buildings should also be reviewed
e.g. broken windows or damaged ceilings, which can result in added inefficiencies in the utilisation of the
air-conditioning system since heat can be lost faster, need to be identified.

5.7 Power factor correction
The power factor is the ratio of true power (kW) to apparent power (kVA). The power factor is a
dimensionless number between 0 and 1 that measures how effectively electrical power is used. A high
power factor demonstrates efficient utilisation of electrical power, while a low power factor represents
poor utilisation of electrical power. Electric utilities therefore charge more for a lower power factor. Power
factor correction (PFC) systems reduce apparent power levels resulting from inductive loads such as
motors and certain types of lighting, thus reducing maximum demand and associated charges.
The Kingstonvale WWTW already has power factor correction systems installed. For Kingstonvale the
demand charges represented 21.1% of the total electricity account. The existing PFC systems indicated
that PFC levels of approximately 0.97 are achieved.

5.8 Load shifting
While municipalities can realise energy and financial savings from energy efficiency interventions in the
water and wastewater treatment system, load shifting holds an additional significant financial saving.
Financial savings of up to 40% have been reported in literature studies by running selected equipment
during off-peak hours, when electricity costs are substantially less.
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In wastewater treatment plants, load shifting cannot be done in the pre-treatment equipment as they have
to operate 24-hours a day. Flexibility exists in the aeration and mixing chambers, which can be switched
off for longer periods. Load shifting can therefore be focused on this section of the wastewater treatment
works. Load shifting can be done more easily in a plant with VSDs than in one without. It might not be
possible to switch off all extra pumping manually, but VSDs can be used to over-aerate the effluent during
off-peak periods and then be switched off during peak hours or periods of constrained electricity supply.
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Pumping stations can be run at their highest possible capacity during off-peak periods in order to build
reservoir capacity. During peak electricity demand periods, the lifting station would be empty enough to
switch off some of the load or delay start-up of transfer pumps. At Kingstonvale WWTW, this could, for
instance, be done in the sludge transfer pump stations. Ensure that the sumps are emptied out between
06:00 and 07:00 and 16:00 and 17:00, especially during high demand winter charge periods. The sumps
can then fill during the peak demand hours with minimal pumping coinciding with these periods between
07:00 and 10:00 and 17:00 and 21:00 on weekdays.
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If load shifting is considered in wastewater treatment plants, microbial loads and compliance to discharge
standards may be an issue and they would need to be monitored. This has, to a large extent, already been
implemented at Kingstonvale WWTW.
The current project to utilise the old sludge storage dams as buffer dams upstream of the facility could
also provide beneficial load shifting opportunities. By using these dams as buffer dams that are filled
during peak charge periods, the treatment of these peaks can be delayed until standard and off-peak
periods when the dams can be worked down in anticipation of the following peak period.
Should diversion/buffer dams be installed at the lift stations, an even larger energy efficiency benefit can
be realised by postponing the pumping of the peak loads by bypassing these flows to the dam during peak
tariff hours and then again working these levels down during standard and off-peak periods.

5.9 Solar energy solutions
Renewable energy sources have become more economically viable over the last couple of years and
could reduce the cost of external energy purchases from ESKOM, whilst reducing the carbon footprint of
wastewater treatment plants.
Simply put, solar panels consist of an array of photovoltaic cells that convert sunlight into electricity by a
process known as the photovoltaic effect. Photovoltaic (PV) cells consist of at least two semi-conductive
materials, such as silicon, one of which has a positive charge while the other is negative. When exposed to
sunlight, some of the photons are absorbed by the negative semiconductor atoms (at the bottom), which
in turn free electrons to flow (if connected to an electrical load) back to the positive semiconductor (at the
top). This flow of electrons is called direct current (DC).
The individual solar cells are then connected in series strings to build voltage; the strings are connected
in parallel to build current. They are then sealed or laminated and placed in a rigid frame. This makes up
a PV module. These solar modules or panels are available in various sizes, power outputs, and materials.
Using the right conversion equipment, the power generated by solar panels can be used for almost any
load/appliance that requires electrical power to operate.
This power can then be employed on the site for single-phase applications such as lighting and office
equipment, for example. Three-phase power could also be produced if required.
To illustrate the potential benefit and economics of a solar PV solution, a high-level economic evaluation
was performed. Hence, a number of assumptions were required. A potential site for solar PV would be on
the open area to the east of the polishing unit SSTs and north of the chlorine contact tanks (refer Figure 5.4).
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This estimate makes provision for a grid tie solar installation with four-hour battery back- up. Including
batteries makes the system much more expensive than if the system is grid ties without storage (and
output curtailed by the inverters if needed). The estimate did not include any fencing or security systems,
assuming the existing security is adequate. The generated power will be used to off-set the average
power consumption across the various tariff rates. However, the inclusion of a battery pack could realise
the utilisation of the power during peak power rate periods.
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Figure 5-4: Potential solar PV site

Typical potential economic justification for a project of this nature is indicated in Table 5-4.
Table 5‑4: Aeration optimisation
Item description

Quantity

Typical cost items*:
Installation costs

R1 720 000

TOTAL

R18 920 000

NPV and IRR calculation period

20 years

Year 1 power saving

R338 000

ESKOM power price escalation (conservative)

8%

Interest rate

11%

Net present value (NPV)

R-12 770 000

Internal rate of return (IRR)

-1.52%

Payback time

22 years

*Note: no market pricing was obtained and quoted values are estimates and not a quotation.
Thus, at the assumed values, returns on a project of this nature shows that this option is not yet
economically viable. The economy could, however, be improved by specifically utilising the stored solar
power only during peak tariff periods, thus significantly increasing the saving realised. The economy can
be further improved by not including battery storage – this would probably halve the investment. The
financial modelling also does not consider maintenance and battery replacement costs, which will further
negatively impact this option. The high cost of solar PV makes this investment unattractive. However,
solar energy can still be considered in the future as an alternative energy source, should implementation
costs reduce.
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The use of solar water heaters or heat pumps rather than electrical geysers can also be considered when
existing electrical geysers fail.

5.10 Biogas cogeneration
Watergroup (Pty) Ltd undertook a specialist study on biogas potential at Kingstonvale WWTW in
December 2017, using the WRC CHP-tool to perform an estimate of the biogas that can be generated and
the corresponding power that can be generated.
Typical potential economic justification for a project of this nature is indicated in Table 5-5.
Table 5‑5: CHP economical evaluation
Item Description

Quantity

Typical cost items*: CHP
Installed cost

R16 560 000

Study costs

R1 656 000

TOTAL

R18 216 000

NPV and IRR calculation period

10 years

Year 1 power saving

R1 604 000

ESKOM power price escalation (conservative)

8%

Interest rate

11%

Net present value (NPV)

R-4 870 000

Internal rate of return (IRR)

4.16%

Payback time

8.5 years

*Note: no market pricing was obtained and quoted values are estimates and not a quotation.
Thus, at the assumed values, returns on a project of this nature could potentially justify such a project
since an extremely conservative set of assumptions were used. The economy could be further improved
by building up a gas reserve during off-peak and standard electricity rate periods and using a larger CHP
during peak tariff periods. However, the above analysis is based on a large number of assumptions and
it is recommended that a thorough analysis be performed, if not already done by the client, to verify the
viability.
In AD the rate limiting step in the process is the rate at which the cell walls can be ruptured, i.e. cell lysis.
By inducing cell lysis, a number of benefits can be achieved:
y biogas production in the digesters is significantly increased (up to 20%);
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y the biogas methane content is improved and the residual sludge production is reduced (15-20%);
y digestate viscosity is reduced, thus reducing the electricity consumption of the digester system; and
y as a result of the above process intensification, the loading on existing digester can be increased, or
where new digesters are being installed, smaller digesters can be utilised.
There are three categories of cell lysis enhancement technology, namely chemical cell lysis, thermal cell
lysis and ultrasonic cell lysis.
In chemical cell lysis, chemicals such as caustic soda or sulphuric acid are utilised to either increase or
decrease the pH of the liquid to a level where the cell walls will rupture. The pH must then be neutralised
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prior to feeding it to the AD system. This results in significant chemical addition costs as well as an
increase in the dissolved solids in the water, resulting in high operating costs and adverse environmental
impacts.
In thermal cell lysis, heat is used to rupture the cell walls. This requires significant quantities of heat, either
from electrical sources or from steam generated from biogas. Thus, it is energy intensive and offsets a
significant portion of the carbon footprint reduction of the site achieved by CHP.
Ultrasound is defined as sound in the range of 20 kHz to 10 MHz. The lower end of the range (20 to 40
kHz) is utilised to achieve ultrasonic cavitation. When localised, the pressure falls below the evaporation
pressure of water, resulting in the explosive formation of small bubbles. This results in strong mechanical
shear forces that can destroy robust surfaces such as cell walls. The ultrasound first decomposes the
agglomerations at low energy followed by further sonification which causes cell lysis. This releases the
cell content, making it easily available for degradation. In addition, it releases enzymes from cells (usually
destroyed where heating processes are used) which stimulate microbial activity. The result is better
digester performance and increased biogas production.
Typical potential economic justification for a project of this nature is indicated in Table 5-6.
Table 5‑6: Ultrasonic cell lysis economical evaluation
Item Description

Quantity

Typical cost items*:
R750 000

TOTAL

R2 250 000

% fresh feed to AD routed via Lysis unit

30 %

No. of cell lysis units installed

1

% biogas production increase

15 %

NPV and IRR calculation period

10 years

Year 1 power saving

R241 000

ESKOM power price escalation (conservative)

8%

Interest rate

11%

Net present value (NPV)

R-300 000

Internal rate of return (IRR)

7.76%

Payback time

7.3 years

*Note: no market pricing was obtained and quoted values are estimates and not a quotation.
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At the assumed values, returns on a project of this nature could potentially justify such a project. The
economy could be further improved by building up a gas reserve during off-peak and standard electricity
rate periods and using a larger CHP during peak tariff periods. However, the above analysis is based on a
large number of assumptions, and it is recommended that a thorough analysis be performed to verify the
viability, including laboratory scale testing.

5.11 Micro hydropower
Kingstonvale WWTW has already performed an investigation and is considering the installation of a micro
hydropower unit. This option was therefore not further evaluated as part of this audit.

5.12 Impact summary
The impacts achieved with the cases developed as part of the level 1 audit performed are summarised
in Figure 5-5.
For the level 1 audit, two scenarios were developed to indicate pricing and saving levels. However, a number
of opportunities that required more detailed evaluations and on-site measurements were identified and
highlighted that could likely result in a further > 10 % power savings.
The impact of potential RE project energy import savings is distributed equally between the different
consumers in the diagram. Practical system lay-out may dictate a different approach.

6. Recommendations and conclusions
6.1 Next steps
In line with recommended international best practices, it is recommended that Sembcorp establishes
an energy management team and develops an energy efficiency policy statement document, both at
corporate level and per site. A number of potential opportunities have been identified in this audit. It is
recommended that an energy efficiency project plan is compiled with a project manager who drives
these opportunities. Without such dedicated focus, experience has shown that daily operating workload
prevents the existing staff from also implementing EE opportunities.
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Kingstonvale WWTW is far more progressed in implementing EE solutions than many other WWTWs.
Hence, the items identified during the audit have limited impact on energy savings. Although some of the
opportunities show a marginal return on investment, the assumptions used are generally conservative
and it is recommended that the costs of solutions as well as the potential savings be defined in more detail
before discarding these solutions. The use of green energy solution grants and funding opportunities with
no or lower interest rates will also significantly improve the IRR of the proposals. Optimisations such as
using solar power and CHP specifically for peak load shaving and not throughout the day, as currently
modelled, will also improve the economy of these solutions.
Furthermore, best practice recommends dividing opportunities into short-, medium- and long-term
opportunities. In this way, some quick fixes can be achieved by implementing small short-term changes,
thus initiating momentum. For Kingstonvale WWTW, the following opportunities are recommended for
the three categories:
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Figure 5-5: Energy efficiency implementation diagram
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Short term:
y Arrange training sessions to create awareness amongst all staff regarding energy efficiency and the
roles they play on a daily basis by performing small actions that all contribute e.g. by switching off
lights when they leave a room.
y Replace inefficient lights with more efficient options such as LED.
y Should air-conditioning units fail, replace them with energy-efficient units.
y Should geysers fail, replace them with solar geysers.
Medium term:
y Add motion detection switches to lights in ablutions and conference rooms to ensure lights are
switched off when rooms are not in use. Typically, motion sensors are not used in offices, but in rooms
that are less frequently used.
y Implement load shifting changes – often these changes are just a change in operating procedures
with no capital or maintenance cost expenses that result in operating cost savings.
y As old and low energy efficiency motors need to be replaced, replace them with higher efficiency
motors (IE3 or IE4) if technically viable.
y Investigate potential illustrative pump modifications from this report. As these are either implemented
or rejected, investigate the viability of installation of VSDs on the larger drives on site, starting with the
biggest, where not already implemented.
Long term:
y Continue optimisation of DO control in the activated sludge reactor and expand the lessons learnt to
the polishing unit operation.
y Evaluate the potential of solar power generation in unutilised plant areas to supplement the power
imported. This could also serve as an emergency power source for critical drives during power supply
failures and load shedding.
y Refurbish damaged anaerobic digesters and the biogas storage tank. Investigate the installation of CHP
equipment to utilise the biogas already generated on site and currently vented into the atmosphere.
This will eliminate the release of undesirable methane gas (which is 30 times more potent than carbon
dioxide as a greenhouse gas) directly into the atmosphere.
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N/A

N/A
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Load shifting

Conversion to energy-efficient lighting
and air conditioning

Motor s tar t control strategy

Conversion to energy-efficient motors

Opportunities requiring further detailed studies

Total renewable opportunities
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Ultrasonic cell lysis

Combined heat and power

Solar power generation

456 000
N/A

445 100

Total savings

88 000

368 000

N/A

96 100

Renewable energy opportunities

349 000

Polishing unit R AS pumps optimisation

241 000
2 179 000

2 335 000

1 600 000

338 000

104 000

30 400

73 600

R/a

263 000

1 752 000

320 000

98 500

28 800

69 700

kWh/a

kWh/a

R/a

Savings

Technical
Current

Polishing plant aeration

Power Saving Opportunities

Recommendation

Table 6-1: Energy efficiency opportunities for Kingstonvale WWTW

67.7

7.6

50.8

9.3

2.86

0.84

2.02

%

N/A

N/A

329 600

101 500

29 700

71 800

kg CO 2eq

39 350 000

2 250 000

18 200 000

18 900 000

439 000

99 000

340 000

R

Cost

N/A

-300 000

-4 870 000

-12 770 000

N/A

27 800

-23 300

R

NPV

Financial

N/A

7.76

4.16

-1.52

N/A

22.09

8.08

%

IRR

N/A

7.3

8.5

22

N/A

3.0

4.1

Years

Payback
Time
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6.2 Areas for future study
Some of the recommended actions would require further study or work to be performed in order to verify
assumptions made as part of this energy efficiency audit. This includes the following:
y Studies on pump and sump level operation to ascertain whether frequency of pump start and stops
can be reduced by adjusting level ranges in sumps or whether the use of level control and VSD drives
can reduce the total power consumed as well as peak demand loads as a result of frequent starting
of certain pumps.
y Evaluate the installation of a boiler for the heating of the AD reactors to improve their efficiency and
thus increase biogas generation for CHP. Waste heat from the CHP could also be used for this purpose.
y The possibility to utilise the old sludge storage dams that are being diverted to buffer tanks to also
serve as a load shifting tool to minimise loading during peak power tariff periods should be quantified.
Construction of this modification has commenced.
y This study highlighted typical opportunities, but the scope and duration did not allow for any logging
of power consumption trends on specific drives. Sembcorp already owns a power analyser that can
be utilised to log the operation of especially the high power consuming drives and based on this make
informed decisions on the viability of incorporation of VSDs, high efficiency motors, etc.

7. Annexures
A. Pre-audit information request
B. Kingstonvale process sketch
C. Single-line diagram
D. Site assessment tool output
E. Lifting pump test curves

ANNEXURE D:

ENERGY EFFICIENCY AUDIT KINGSTONVALE
WASTEWATER TREATMENT WORKS

242

Guideline for Energy Efficiency Audits at Wastewater Treatment Works

7.1 Annexure A: Pre-audit information request
Received

Item

Description

A

Auditor Information

A1

Auditor Name: Peter Wille

A2

Contact Number: 082 922 2150

A3

Contact e-mail: peter@prodromos.co.za

G

General Information

G1

Site Name: Kingstonvale WWTW

G2

Owner: Sembcorp for Mbombela Local Municipality

G3

Type of Technology: Biofilter and Activated Sludge

G4

Contact Person: Louis Klapprott

G5

Contact Number: 013 752 6839

G6

Contact e-mail: Louis.Klapprott@sembcorp.com

G7

Site Coordinates: 25°26’37.76”S; 31° 1’38.58”E

1

Yes

No

Historical Records

Yes

No

1.1

Electrical consumption records - Preferably 3 years utility bills, but at least 12
months to allow for seasonal fluctuations

Received

1.2

Tariff structures - structures as from ESKOM/Municipal supply; Preferably three
years and information on anticipated escalation if pre-agreed

Ruraflex

1.3

Plant loading/flow records - Preferably 3 years, but at least 12 months to allow for
seasonal fluctuations

Received

1.4

Effluent limits - As per Water Use Licence

Received

1.5

Previous EE audits or studies - Any previous reports and findings on EE for the site

Received

2

Design detail

Yes

2.1

Design basis - Original design specification - hydraulic and pollutant loading etc.

2.2

As-built drawing - The latest Process Flow and Piping and Instrumentation
drawings of the facility - If any new changes have been implemented that are not
reflected these must be highlighted

Process
Sketches

2.3

Site lay-out drawings - The latest site lay-out drawings reflecting main equipment
lay-out and elevation differences

Received

2.4

Equipment lists - Lists of all Mechanical Equipment including manual equipment as Received
per original design as well as including plant modifications

2.5

Electrical Load Lists - Lists of all electrical equipment with motors as per original
design as well as including plant modifications indicating motor load information

Received

2.6

Equipment datasheets and pump and blower curves - Any equipment specific
datasheets that are available, especially pump and compressor curves

Some
received

2.7

Electrical single-line diagrams - Diagrams reflecting the electrical infrastructure
configuration

Received

2.8

Cable MV schedules

3

Manuals

3.1

Plant operating manuals - Both for the original design as well as for any process
modifications implemented

Not available

3.2

Plant maintenance manuals- Both for the original design as well as for any process
modifications implemented

Not available

4

Maintenance Records

4.1

Maintenance data base on existing electrical equipment

Not available

4.2

Maintenance data base on electrical infrastructure

Not available

No
Not available

Yes
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7.2 Annexure B: Kingstonvale WWTW process flow diagram
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7.3 Annexure C: Single-line diagram
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7.4 Annexure E: Lifting Pump Test Curves
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