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Training Overview

Scenario: Local residents are complaining about unreliable and costly drinking
water supply

Question: What can you do to reduce energy use in the water sector and
improve service delivery?




Training Overview

1. Energy use in water
«  Context: Water-energy nexus, increasing demand 10 mins
»  Drivers of energy use

2. Tools: Strategies for energy efficiency
« Reducing energy use; recover energy; time energy use 10 mins

3. Activity : Barriers to water energy efficiency

30 mins




Training Overview

This session starts the municipal services section.
Like other sessions we first call attention to the
water sector and the importance of sustainable
water service through energy efficiency

We examine the drivers of energy use in the water
sector as this will be the basis of energy efficiency
programmes in the water sector.

We then go to a structured discussion of case
studies of how energy efficiency is implemented,
from energy use reduction, energy recovery, and
demand side response.

The activity is designed to organise the thoughts

of participants towards consequences of barriers
and the solutions possible. This allows them to
map out possible barriers that might be silently
affecting their revenues, hence their ability to take
out a loan for EE investments.

1ea



1. Energy use in water
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1. Energy use in water: Context

Share of population without access to electricity or water in rural areas

1002
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0% .
Ethiopia Uganda Ghana Care d'lvoire Cambodia India Bangladesh
@ without access to safely managed drinking water Without access to electricity

Access to safe drinking water and energy costs associated with it remains a challenge in developing

and emerging economies
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1. Energy use in water: Context

Energy and water sector consumption Electricity consumption in the water sector by process, 2014-2040
Water sector energy consumption LoD
+130% E
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2040 1209
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Mtoe
Energy sector water consumption 800
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bcm
HSupply ® Primary energy
m Wastewater production = = == 203 i o0
treatment Power generation Supply M Desalination M Wastewater treatment
B Alternative water M Distribution M Re-use W Transfer

sources

Energy is needed to obtain, process, and distribute water and water is also needed to keep energy
services running. Energy efficiency is hence, important to provide both services

Source: https://w
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https://www.iea.org/weo/water/

1. Energy use in water: Context in South Africa

Potential electricity savings per Sector (MWh/a) in 9 cities of the South African Cities Network (SACN)

B Buildings & Facilities

B Street lighting

W Traffic lighting

B Water supply &
wastewater treatment

0%

The water supply and wastewater treatment sectors have the highest electricity efficiency savings
potential among the electricity consuming sectors in South African municipalities.

ener,
Source: South African Cities Network (2014) http://sacitiesnetwork.co.za/wp- g DE—epamg.{ qu
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http://sacitiesnetwork.co.za/wp-content/uploads/2014/07/Modelling-Energy-Efficiency-Potential-in-SACN-Cities-full-report.pdf

1. Energy use in water: Drivers

/-ﬂ- ~ Treatment

Extraction .
Pumping
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1. Energy use in water: Drivers - Extraction

Lake orriver M 04

. Groundwater [ 05
Extraction

Wastewater treatment [l 0.9

Wastewater reuse [ 5
Desalination [N 8.5

0.0 2.0 4.0 6.0 8.0 10.0
Energy intensity (kWh per m?)

Source: EPRI Water and Sustainability Volume 4 https://www.epri.com/#/pages/product/1006787

Source and location of water for extraction dictate the complexity of treatment and add extra energy
use
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https://www.epri.com/#/pages/product/1006787/

1. Energy use in water: Drivers - Treatment

/V Treatment

N
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(chlorine) treatment

Source: https://www.researchgate.net/publication/257935517_The_unintended_energy_impacts_of_increased_nitrate_contamination_from_biofuels_production/figures?lo=1

Treatment technologies affect energy consumption and is highly influenced by the source of the raw

water
v &-’f; energy I q
“2Es ) Department: e
g Energy
NS REPUBLIC OF SOUTH AFRICA

IEA 2019. All rights reserved.




1. Energy use in water: Drivers - Pumping

Energy Costs in Water Supply

8%

® Finished Water Pumping
m Water Treatment
® Raw Water Pumping

® [n-Plant Water Pumping

Source EPRI Solutions (2005). Bringing Energy Efficiency to the Water & Wastewater Industry: How Do We Get There? WEFTEC

Pump motors run almost non-stop. Improperly sized pumps or inefficient motors result to higher
energy cost. Technologies like VFD ensure high efficiency even with varying demand
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1. Energy use in water: Drivers - Distribution and end-use

Energy c°5tf.i“ Distribution in India Leakage in distribution is estimated
M“‘”, M Energy to contribute to additional 11%
iR . ”wi‘ Salary losses
.,, [ Repairs
N:",,-« B Chemical
N Others S i e i

Science and Environment India 2017, Excreta

AT T ».s‘
z o = Matters 2012 CSEI
, » 71-Cities 4
L) Average
% :

End-use

Leakages, blockages, and scales in piping all contribute to higher pumping energy use for the same
water service delivered
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http://cdn.cseindia.org/attachments/0.73120800_1505297784_Policy-Paper-Mainstreaming-Energy-Efficiency-in-Urban-Water.pdf
http://www.worldcat.org/title/excreta-matters-state-of-indias-environment-a-citizens-report-7/oclc/777935701

1. Energy use in water: Drivers - Sewage freatment

v

%

Sewage |

Energy Costs in Wastewater

3% OTHER
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4% SOLIDS HANDLING

8% LIGHTING & BUILDINGS

53% AERATION

14% ANAEROBIC
DIGESTION

14% WASTEWATER PUMPING

Source: Wastewater Treatment Energy Savings Guide: Energy Trust of Oregon

Sewage treatment depend on the conditions of the wastewater, but the major contributor to cost is the

efficiency of the aerators and their motors

IEA 2019. All rights reserved.



https://betterbuildingssolutioncenter.energy.gov/sites/default/files/Primer%20on%20energy%20efficiency%20in%20water%20and%20wastewater%20plants_0.pdf

1. Energy use in water: South Africa’s municipal contexi

Potential electricity savings per Sector (MWh/a)

Example of Energy Savings Performance Contract for
in 9 cities of the South African Cities Network (SACN)

Water Loss Reduction and EE Improvement in Emfuleni

B Buildings & Facilities

m Siveet ghting + Competitive bidding process

B Traffic lighting * Municipal water utility Metsi-a-Lekoa of Emfuleni
signed a water and energy performance contract with

B Water supply & WRP Engineering Consulting Company under BOT- 5

wastewater treatment year contract

* “Shared savings agreement” in the contract: WRP
received remuneration based on verified energy and
water savings

IEA 2019. All rights reserved.
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2. Tools: Strategies for energy efficiency




2. Tools: Strategies for energy efficiency

Reduce Energy Recover Energy Time Energy
use use
* Energy * Anaerobic « Stagger activities
management biodigestion of towards off-peak
systems sewage to recover hours
energy

* Improve motor
efficiencies

* Improve controls

IEA 2019. All rights reserved.



2. Tools: Strategies for energy efficiency

Energy
management
systems

Improve motor
efficiencies

Improve controls

Energy management systems allow an organised
approach of measurement and operational action towards
saving energy

Example: Brasilia Federal District Water EnMs
Growing population, informal urban settlements, old pipes
Growing difficulty to provide service as demand increases

The provision of management systems allowed systematic
identification of water loss as major problem due to
adoption of management system.
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http://www.acquacon.com.br/waterloss2010/presentations/day7/17h00eltongoncalvesdia07sala2.pdf

2. Tools: Strategies for energy efficiency. Reduce

Example: Brasilia Federal District EnMs (major steps)
Conducted auditing and data collection

Reduce Energy

use

Summarize sources of energy consumption

DISTRIBUTION OF ELECTRICAL ENERGY USE & COST BY MAIOR PROCESS FOR 7/2010 - 6/2011

Ener T
Specify Other Utility Type (if any) Progans

‘Specify Units for Other Energy Consumption {if any)  Gal il PO —

P ——— 64.50% 1452103 5106353
m a n a e m e n t 011 e s P s AT [ Eal el 524,150
[ p—— iy =) [T
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011 - F— February = gt v s et 5 PRIMARY TREATMENT - :j: :Zi;: i:;:::
Sys e m S Electricity Cost ($) 2011 $1884.32 3n49245 HI526TTE 47088 P p s
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Consumption (KWh) 2011 136,600 A0 187,600 132,800 e sl anns Fam 00008 | Sazrm
Matural Gas Cost [$) 201 HEHESE 55550 #5080 )
Consumption (CCF) 2011 527 Az 43
Mo 2 Fuel Ol Cost ($] 2011 $18.20100 HIUBETI 856705
Consumption (CCF) 2011 280 0273 2478 5297
Water & Sewer Cost [#] 2011 $12,320.08 $1232008 (Rl FIRlES
I I l p rOVe I I l Oto r Consumption (GAL] 2011 2203w 22m38e 2m7257 2m7257 EQUIPMENT INVENTORY: BREAKDOWN OF ELECTRICAL ENERGY USE FOR MAIOR/ENERG!
Energy Cost ($) 201 131830 200580 257140 8228460 .
o o . Consumption (CCF) 2011 1473000 1:568,000 1578000 1842000
effl C I e n C I e S Othes - Propane Cost (#] 201 #0703 $150560 8222420 38000
Consumption (GAL) 2011 73,000 1,33 000 23000 2091000 e m = I
Total Ueility Cost 2001 STEEETIS SRR MAMMETED  MSSLL | Per—— WA WAl o3| 1800 SLENLE
Treatment Yolume [MBAL) 2011 =20 07500 16700 12400 |- B Medum ose e sL2
Utility CostTre atment Yolume [$IME TS 72 42408 $309. | AP —— B Madium, ce| B9 sLa4E
Eleatric Utilization (KWA/MGAL] 2011 175338 176558 160754 1528 e & Medim T 20 518

Efuant Pumping/Starage

Improve controls —

Images are representation only of the process undertaken and not the actual data of CAESB
Images from: https://www.epa.gov/sites/production/files/2016-01/documents/nrwa-energy-audits-for-small-utilities-8-4-14.pdf
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https://www.epa.gov/sites/production/files/2016-01/documents/nrwa-energy-audits-for-small-utilities-8-4-14.pdf

2. Tools: Strategies for energy efficiency. Reduce

Reduce Energy

use

Energy
management
systems

Improve motor
efficiencies

Improve controls

IEA 2019. All rights reserved.

Example: Brasilia Federal District EnMs

600
5501
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400
3501
300
250-

EnMs allowed them to measure costs of water losses,
identify billing problems, and find optimum solutions based
on cost and benefit. Resulted to immediate 25% reduction in
water loss and energy savings in the first 3 years

#'
555
408

400+

350+

1995 1997 1999 2001 2003 2005 2007 2002 2003 2004 2005 2006 2007 2008 2009 2010

B Water loss (L/con.day) | |l Water loss (Ucon.day)|

http://www.acquacon.com.br/waterloss2010/presentations/day7/17h00eltongoncalvesdia07sala2.pdf



http://www.acquacon.com.br/waterloss2010/presentations/day7/17h00eltongoncalvesdia07sala2.pdf

2. Tools: Strategies for energy efficiency. Reduce

Reduce Energy

use

Energy
management
systems

Improve motor
efficiencies

Improve controls

IEA 2019. All rights reserved.

EnMS can be executed by third party through energy
service performance contracts

Case study: Water Loss Reduction and EE Improvement in
Emfuleni

» Competitive bidding process, “Shared savings agreement” where
contractor received remuneration based on verified energy and
water savings

* 14, 250MWHTr annual electricity savings
* USD 3.8 M per year in savings
* 7-8 million m3 annual water savings

Source: ESMAP, 2010, Good Practices in City Energy Efficiency, http://www.esmap.org/esmap/node/231



http://www.esmap.org/esmap/node/231

2. Tools: Strategies for energy efficiency. Reduce

» Replacing motors: Savings could go up to 1500 GWhr/yr
depending on motor size and hours of operation

Reduce Energy

use

* Energy
management 2000
systems ydy4

1,500

GWhr/Year

Pump Savings
Motor Upgrades
Air Compressor Savings

1,000

7 7 2V Y s
* Improve motor g e (P P VB BV oter savings

Fan Savings
Downsize Savings
Rewind Savings

efficiencies o

o/‘
o
- =
w

* Improve controls

51 - 100 HP
101 - 200 HP
201 - 500 HP

501 - 1000 HP
1000+ HP
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https://betterbuildingssolutioncenter.energy.gov/

2. Tools: Strategies for energy efficiency. Reduce

» Example: Motor replacement in wastewater aerators in
Green Bay Wisconsin

Reduce Energy

use
e E i
TSy 50% reduction = | 2.14
management in electricity — 1 . GWh/year
systems ' " il savings
I - %-—w‘ '_-.'.'*::—. = =
. m|.:>r.ove.motor S = 126 homes
efficiencies e _q%& :
> e el R e e o

* Improve controls S
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https://www.epa.gov/sites/production/files/2015-08/documents/wastewater-guide.pdf

2. Tools: Strategies for energy efficiency. Reduce

» Example: Motor replacement in pumping in Columbus

Reduce Energy

Georgia
use
* Energy 259,
AEIEL]SIELS reduction
systems ‘n
electricity
* Improve motor
efficiencies $250 000
in energy

* Improve controls cost
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https://www.epa.gov/sites/production/files/2015-08/documents/wastewater-guide.pdf

2. Tools: Strategies for energy efficiency. Reduce

Reduce Energy

use

Energy
management
systems

Improve motor
efficiencies

Improve controls

IEA 2019. All rights reserved.

Fluctuations in biological load can change over a 24-hr
period, hence aeration could be adjusted if it were
automatic. Manual or poor control can cause excess
energy use by as much as 50-65%

Aeration
demand

Constant Aeration
Rate (manually set)

0 4 8 12162024 4 6 12 0 4 8 12162024 4 6 12

time time

Source https://betterbuildingssolutioncenter.energy.gov



https://betterbuildingssolutioncenter.energy.gov/sites/default/files/Primer%20on%20energy%20efficiency%20in%20water%20and%20wastewater%20plants_0.pdf

2. Tools: Strategies for energy efficiency. Recover

Ramping up energy recovery helps achieve SDG 6.2
Recover Energy (sanitation for all) and SDG 6.3 (halving the percentage of
untreated water) by 2030

. 800
Anaerobic a5E
o o . 600
biodigestion of
sewage to g 0
recover energy T 200 103
I — =
oo -694 -135
Business Energy
as usual neutral/positive

case
https://www.iea.org/weo/water/
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2. Tools: Strategies for energy efficiency. Time

Stagger activities
towards off-peak
hours

IEA 2019. All rights reserved

Example: South Africa study with 2.21MW of load shift
achieved, with around 69k USD annual savings

Load shifting

60 “panaanasaacasans
50 -
40 -

%30 d--b
gzo =
= boro A I
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0 2 4 6 8 10 12 14 16 18 20 22
Time [Hour of day]|
Peak Pertod =Normal Profile = Load Shift

https://repository.nwu.ac.za/bitstream/handle/10394/15212/Els_LA_2015.pdf?sequence=1




2. Tools: Strategies for energy efficiency. Time

Example: Electricity cost savings and opportunities in Ann
Arbor > shifting filter backwash cycles to off-peak
reduced energy costs from demand

Usage

10.7% Actual
Demand

Stagger activities
towards off-peak 9000 USD

Monthly
On-Peak

. Charge
hours investment Pemand 14.4%
arge
l 38.4%
Misc.
Charges
21%
Power
Factor Off-Peak
Penalty Usage
0.1 O/"l 34.3%

Note: share of energy consumption was established after investing in monitoring equipment (EnMS feature)

IEA 2019. All rights reserved


https://www.seventhwave.org/sites/default/files/222-1.pdf

2. Tools: Strategies for energy efficiency. Other Strategies

* Subsidies: Are the subsidies targeting the right people? Are they consumed by
the rich or the industrial consumers?

* Financing: Is billing and collection easy? Is budget secured?

* Training: Are the operators capable of spotting energy efficiency problems and
conducting the repairs and improvements needed?




3. Activity

energy

Department:

Energy

REPUBLIC OF SOUTH AFRICA

IEA 2019. All rights reserved.




3. Activity

On three tables, discuss consequences and possible solutions on the following
barriers: regulatory/institutional; economic; information/capacity

Regulatory/Institutional

Barrier Consequence Solution

Barrier Consequence Solution

Information/Capacity

Barrier Consequence Solution

W& energy
IEA 2019, Al ights reserved. https://www.esmap.org/sites/default/files/esmap-files/FINAL_EECI-WWU_ . ;} 1M&|zed .Pdf qu



3. Activity

On three tables, discuss consequences and possible solutions on the following
barriers: regulatory/institutional; economic; information/capacity

Regulatory/Institutional Economic Information/Capacity
Politicised water/sewage tariffs Low credit rating of water utilities  Inadequate management
information about EE

Subsidised water/electricity Small size of EE investments Lack of knowledgeable operators
(individual EE measures) doing EE

Budgeting structure constraints Underdeveloped EE financing
market

Roles and responsibilities of Expensive EE technologies

operational staff and
procurement within the utility is
fixed

WI@ energy
https://www.esmap.org/sites/default/files/esmap-files/FINAL_EECI-WWU_T @ - TRuResized. pdf qu
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3. Activity

ACTIVITY

(feel free to add additional barriers
based on your experience)

https://www.esmap.org/sites/default/files/esmap-files/FINAL_EECI-WWU_T \V



3. Activity

Potential answers

Regulatory/Institutional

Barrier Consequence Solution

Politicised water/sewage tariffs Lack of revenue, affecting revenue and Sectoral reform: increase financial
subsequent capability to invest in EE sustainability as a priority along with
improvements social concerns on water

Subsidised electricity Lack of revenue, affecting revenue and Subsidy reforms / sectoral reform
subsequent capability to invest in EE
improvements

Budgeting structure constraints Reliance on operating cost from Sectoral reform: increase independence
municipality reduces incentive to invest  of utility to reduce reliance on
in EE improvements municipality

Roles and responsibilities of operational  Lack of system-wide understanding and  Establish energy management team

staff and procurement within the utility hence decisions regarding energy which has a mandate to control energy

is fixed cost

—— ¥ = 120
IEA 2019, Al rights reserved. https.//www.esmap.org/5|tes/defauIt/flles/esmap-flles/FINAL_EECI-WWU_T -1;%,%%&55)91 pdf



3. Activity

Potential answers

Barrier Consequence Solution
Low credit rating of water utilities  Difficult to access EE for Part of national effort to increase
investment EE policy framework, energy
Small size of EE investments Difficult to gain commercial bank AelleEs e sl

opportunities

(individual EE measures) attention for smaller loans )
- Reduce risks through
Underdeveloped EE financing Many financially attractive EE guarantee facilities
market investments cannot be - Bundling through 3 party
implemented arrangements like ESCOs
- Dedicated fund/credit lines
- Tax credits for EE equipment
(check colleagues at AE)
Expensive EE technologies Difficult to justify practicality of Bulk purchasing could reduce
purchase price of supply

“' & energy
ROO1- 1Mlezed pdf qu

IEA 2019, Al rights reserved. https://www.esmap.org/sites/default/files/esmap-files/FINAL_EECI-WWU_T \ﬁa



3. Activity

Potential answers

Barrier Consequence Solution
Inadequate Lack of interest to support EE * Develop and disseminate case
management/government interventions studies and good practices
information about EE » Develop centralized platforms

for knowledge sharing

» Develop benchmarking and
assessment tools to guide
decision making

* Awards and recognition

Lack of knowledgeable operators  Inability to identify energy saving Conduct training and peer-to-
doing EE opportunities peer learning
» Learning energy efficiency
networks (Check Industry
stream colleagues)

https://www‘esmap.org/sites/defauIt/fiIes/esmap-fiIes/FINAL_EECI—WWU_T,;1 - TRuResized. pdf qu
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Resources
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Resovurces

@ WORLD BANKGROUP

CSMAD

L_Jivi/ \

Energy Sector Management Assistance Program

IEA 2019. All rights reserved.

A PRIMER ON ENERGY EFFICIENCY
FOR MUNICIPAL WATER AND
WASTEWATER UTILITIES

51 .
wsl | | E AR

https://www.esmap.org/sites/default/files/esmap-
files/FINAL_EECI-WWU_TR001-12_Resized.pdf

tate and Lo
Chmate and Enorgy Program

Energy Efficiency in
Water and Wastewater
Facilities

A Guide to Developing and Implementing
Greenhouse Gas Reduction Programs

Energy Efficiency

https://www.epa.gov/sites/production/files/2015-

08/documents/wastewater-guide.pdf

nergy
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Resovurces

9» OECD

ER POUICIES FOR BETTER LIVES

OECD Principles on
Water Governance
Adopted by the OECD Regional Development Policy

Committee on 11 May 2015

Welcomed by Ministers at the OECD
Ministerial Council Meeting on 4 June 2015

Centre for Entrepreneurship, SMEs, Regions and Cties

Urban Water

Supply and Sanitation
in Southeast Asia

A Guide to Good Practice

Arthur C. McIntosh

ASIAN DEVELOPMENT BANK ADB
Et.tp:/./ ‘;VWW'OGJ\? .Srg/Gcfe/ reglonal-g?llcy/ OECD- https://www.pseau.org/outils/ouvrages/adb_urban_water_s
rinciples-on-vvater-overnance.p upply_and_sanitation_in_southeast_asia_a_guide_tagge

. y energy
practice_2014.pdf gLt Y I e q
¥ Enory
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Additional slides
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Energy use in water: Context in Southeast Asia
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In Southeast Asia, cost is high but often, the quality does not match the price
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Energy use in water: Drivers - Pumping

Efficiency (%)

]
[
o
o
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o
o
o

Power (kW) -

IEA 2019. All rights reserved.

Efficiency Lines

System curve (Throttled)

60 - Syt
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Flow Rate (m¥h)

Source http://www.gozuk.com/applications/vfd-for-pumps.html

Source https://w3.siemens.com/drives/global/en/motor/low-voltage-motor/efficiency-standards

Pump motors run almost non-stop. Improperly sized pumps or inefficient motors result to higher
energy cost. Technologies like VFD ensure high efficiency even with varying demand
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Strategies for energy efficiency. Reduce

» Example: Leak management system allowing preventive
maintenance and timing of replacement

Reduce Energy

use

Preventive maintenance Timing of replacement
° Energy Failurerate |, \7 High-risk pipeline list Ta
IYear/km] | 4/ =] ;
L 1 A — 3 LCC of pipe Cos_tdofrnisponse goraln
management b \ 31 (SosPRe oot (expected vale)
05-10 | DA o
- 10— ' a
systems ~ i - ﬁ> = | 3
® |mprOVG mOtOI’ 1 N\ F'ipetline maintenance
| ol T S costs
effiC|enC|es Leakage risk {Intial + maintenance)

Optimum Time
replacement season

* Improve controls

Source https://www.viavisolutions.com/en-us/products/seeker-d-mca-iii
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https://www.viavisolutions.com/en-us/products/seeker-d-mca-iii
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