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Energy Efficiency Training Week: Municipal and Utility Services &

Where to start: Energy use in municipalities

Where to start: Energy efficiency potential in municipalities

Toolkit: Energy-efficient municipal planning

Toolkit: Energy-efficient technologies

Where do | get help? [EA’s Technology Collaboration Programmes

What are the steps: Implementing energy efficiency programmes — target setting
What are the steps : Implementing energy efficiency programmes - implementation
What are the steps: Enabling public energy efficiency investment

What are the steps: Enabling private energy efficiency investment

Special session: Multiple benefits of energy efficiency for municipalities

Did it work: Evaluation and energy efficiency indicators

Special session: International and regional initiatives that can help

Energy Efficiency Quiz: Understanding energy efficiency in municipal and utility services
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Energy Efficiency Training Week: Municipal and Utility Services

Trainer(s): John Dulac

Purpose: To show the energy-saving opportunities using energy-
efficient fechnologies, including use of digital management systems

and potentials for sector coupling.

Scenario: The municipal commissioner wants to be known for
innovative solutions at low costs.

Question: What are the technologies or technology strategies that
you can put in place in order to boost energy efficiency<e



Energy Efficiency Training Week:

Public buildings
insulation
windows
heat pumps
interior lighting
energy management systems

Transport
Electric and hybrid vehicles

Utilities: lighting
LED
Intelligent street lighting

Municipal and Utility Services DB

Utilities: water and sewage
Efficient motors
Energy management systems

Utilities: energy
Efficient motors
Energy management systems
Insulations

Waste
Waste to energy
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1. Public buildings

Summary of key technologies for envelope and equipment & systems



. Buildings: envelope ied

Insulation: Exterior insulation is best Sealing: Air sealing typically accounts
approach to reduce thermal for 10-30% of heating and cooling loss,
shorts/thermal bridges and can but can be easily applied and verified
applied with external material. with infrared camera and air pressure

BEFORE tests.

IMAGING

© OECD/IEA 2018



1. Buildings: envelope ied

Windows: single glazing windows are Shading: External shades keep out
highly inefficient in all climate types. much more heat while interior

blinds keep in more heat

Exterior

Single glazing Double glazing blinds
(moveable)

Solar gain
~15%

Air gap — possible
inert gas mix to
reduce convection
within cavity (e.g.
argon, krypton)

Interior blinds™ —
Spacer

Outside

Inside Outside Inside

Solar gain
~50%

Source: BEEP India © OECD/IEA 2018



1. Buildings: envelope - roof reflectance (visible color) 5 i

SR~ 5% to 10% SR~ 70% to 80%

Solar reflectance rejects heat from sun.
Visible colour can change the amount of heat that enters the building.

Source: IEA Energy Efficiency Training Week © OECD/IEA 2018



1. Buildings: equipment & systems - water/space heating/cooling
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Air-source heat pumps Air-to-air heat pumps Ground-source heat pumps

Heat pumps reduce energy consumption > 60%.
Can free up electricity for other uses (e.g. electric vehicles).

Source: [EA © OECD/IEA 2018



1. Buildings: equipment & systems - hybrid ventilation iep
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Natural ventilation (stack/stratification) in combination with mechanical ventilation to enable comfort

Source: IEA EBC Annex 62 — Ventilative Cooling © OECD/IEA 2018



1. Buildings: equipment & systems - lighting ies
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Shifting to high performance technologies can cut energy consumption drastically.

Source: premierlightbulbs.com © OECD/IEA 2018



1. Buildings: equipment & systems - integrated solutions iep

Shading can reduce heat but increase lighting energy use.

Passive solar lighting can reduce lighting energy use but increase heat.
Dynamic windows and shading could balance this with renewable integration (passive and active).

Source: Sage Electrochromics © OECD/IEA 2018



2. Transport

A look at electro-mobility



2. Transport

Electric mobility
EVs more efficient than ICE

W Cars: Battery electric most efficient by far

Direct i W’l Power to
battery electric vehicle fuel cell vehicle conventional vehicle
» oy '
3
S Co2air-capture,
2 FT-synthesis
H
and distribution
Fuel on
producton 95% 52% 44%
— Inversion c/DC
Battery charge
efficienc y
T
5
lec it
2 conversion
=
]
Inversion DC/AC
Engine efficiency l
Overall efficiency 22% 13%

T TRANSPORT & w@wssseny ) @tamesy
|Z BNVIRONMENT @ tramportemvironment Source: WTT (LEST, IEA, Werkd bank), TTW, TA calculations

Source https://www.transportenvironment.org

ENERGY IS UM
iea

Electric mobility not limited to cars

Electric 2-wheelers
China:; 250 million stocks,
30 million sales/yr

Low Speed EVs
China: ~4 million stocks,
>1 million sales/yr

Low Speed EVs
| China: ~4 million stocks,
4 >] million sales/yr
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2. Transport

Electric mobility : Charging infrastructure

» Charging infrastructure supports the roll-out of electric vehicles. In the

municipal level the following would be necessary:

CHARGING PARKING SPOTS SUCCESSFUL
INFRASTRUCTURE FOR EV GRID

ROLLOUT CHARGING INTEGRATION

ENERGY IS UM
iea
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2. Transport

Electric mobility : Charging infrastructure

Oslo (Norway): Oslo (Norway):

Utrecht and Amsterdam
(The Netherlands):
1 000 euro subsidy for
semi-publicly accessible  of a charging point.
charging points.

electric vehicles.
stations by

Vancouver (Canada):
20% of the parking
stalls in multifamily

buildings must be equipped
with wire conduits.

Copenhagen (Denmark):
Grants for up to 60% Building two large 500-1 000 publicly available

of installation cost parking garages for charging stations and 5 000
semi-public charging

2025.
Beijing (China):
100% of new residential
buildings and 15-25% of
new commercial buildings
required to be fitted
with wire conduits.

Tokyo (Japan):

San Francisco (US):
10% of parking spaces in -~ ~
new construction must
have Level 2 chargers.

Subsidy of approx.
JPY 1.5 million for charge
points in condominiums.

Shanghai (China):

San Jose (US):
Simplify local charging ————
permitting process.
Los Angeles (US):
Deploying charging

Plan to build 28 000 publicly
available charging points by
2020; 210 000 publicly
available + private charging
points by 2020.

Shanghai (China):

stations on streetlights. -

New Orleans (US):
Residents can apply for
permits to install electric
vehicle charging
stations on the road
in front of their homes.

London (UK):
Charging point planning  Residents can request that
requirements for all new charging stations be installed

London (UK):

on the road in front of

real estate developments.
their homes by Ubitricity.

30% capital subsidy for
businesses for charging
infrastructure.

Térget number of
charging points to be built

Financial Incentives
Building codes
Direct EVSE deployment

© OECD/IEA 2018



3. Utilities: Lighting



3. Utilities: Lighting ied

Lamp technology : more efficient technology

» LED lamps significantly more
efficient than other street lighting
technology

Type of Lamp Luminous Color Lamp life in Remarks
Efficacy Rendering hrs.
(ImiW) Properties
g f e High Pressure 3536 ImW Fair 10000-15000 | High energy use, poor lamp life
é Mercury Vapor (MV)
150
High Pressure Sodium Metal Halide (MH) 70-130 Im/W Excellent 8000-12000 High luminous efficacy, poer lamp life
r/ o Lo Motal Halide
g A Y Elunkance High Pressure 50-150 Im/\W Fair 15000-24000 | Energy-Efficient, poor color rendering
./)M. Sodium Vapor

s 50 e e Mercury Vapor {HPSV}

s -t ‘ &N Shaped Reflectors

X J ’———ﬁ“ sty Ry gt Low Pressure 100-190 Very Poor 18000-24000 | Energy-Efficient, very poor color rendering
Sodium Vapor Im/W

1920 1940 1960 1980 2000 2020 {LPSV]
Yoar
Low Pressure 30-90 Im/W Good 5000-10000 | Poor lamp life, medium energy use, only
Mercury available in low wattages
Fluorescent Tubular
Lamp (T12 & T8)
EE Fluorescent 100-120 Very Good 15000-20000 | EE, long lamp life, only available in low
High Pressure Sodium 80-140 Tubular Lamp (T5) Im/W waltages
LED 114-160 Light Emitting 70-160 Im/\WY Good 40000-90000 | High energy savings, low O&M, long life, no
Diode (LED) mercury, high capital cost and evolving
technology.

Source https://www.slideshare.net/ChristineGupta/2012-hps-comparison Source: World Bank/USAID © OECD/IEA 2018



https://www.slideshare.net/ChristineGupta/2012-hps-comparison
https://openknowledge.worldbank.org/bitstream/handle/10986/22275/India000Energy0Financing0Solutions.pdf?sequence=1&isAllowed=y

3. Utilities: Lighting ®

Lamp technology : also increases visibility

» Before and after illustration of street lighting retrofit in Los Angeles, CA that
saw the installation of over 140 000 LEDs

Source CleanTechnica - https://cleantechnica.com/2013/09/12/worlds-largest-led-streetlight-retrofit-completed-in-los-angeles/ 15148404 16 © OECD/IEA 2018



https://cleantechnica.com/2013/09/12/worlds-largest-led-streetlight-retrofit-completed-in-los-angeles/1514840416

3. Utilities: Lighting

Intelligent lighting systems

Automatic systems can further increase energy savings and extend

lifespan of LED lights by dimming

Source

| I -

e s RF (o7 Sensoes

Water level Manhete
Wernoe Rk

One unified network connects

PLC street lights and LoRa RF loT
devices seamiessly.

Rf - RadoFrequercy
ALC - Power Line Cormmunication

ENERGY 5 U
iea E
e
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http://www.gridcomm-plc.com/streetlightsolution.htm
https://www.ledsolutions.co.uk/hole-story-norways-new-led-lighting-system/

4. Utilities: water and sewage



4. Utilities: water and sewage ®

Motor efficiency standards (IE1 to IE4)

» The difference in efficiency might seem small but with continuous running
(especially for water supply systems), the differences could be huge!
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4-pole motors,
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Source https://w3.siemens.com/drives/global/en/motor/low-voltage-motor/efficiency-standards © OECD/IEA 2018



4. Utilities: water and sewage ®
Variable frequency drives

The difference in efficiency might seem small but with continuous running
(especially for water supply systems), the differences could be huge!
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Source http://www.gozuk.com/applications/vfd-for-pumps.html
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4. Utilities: water and sewage e

Energy management systems

» Installing SCADA (Supervisory Control and Data Acquisition) to determine
real time performance.
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Source https://www.defensemedianetwork.com/stories/water-utilities-scada-systems-proven-vulnerable-cyber-attack/ © OECD/IEA 2018




4. Utilities: water and sewage

Leak management system

- Improvement of operational efficiency
by GIS and Pipe network simulation

- Real-time pipe network simulation - Real-time NRW Monitoring

- Pump control and unnecessary

pressure suppression - Leakage Risk Evaluation

- Area Leakage Estimation

Pressure, flow

- Management of historical leakage trouble

Optimization of ~7 &
pressure \ h

Pump control

-

Valve control

N
& \>< DMA

- Pipe network information
- Asset information

SCADA : Superviscry Control And Data Acquisition, DMA: District Metered Area
GIS : Geographic Information System
NRW : Non-Revenue Water

Source http://www.hitachi.com/businesses/infrastructure/product site/water environment/water leakage/index.html, https:

Failure rate
[/Year/km]

0 -05
“~05-10
- 10-15
- 15—

Preventive maintenance

sty

High-risk pipeline list

00

Leakage risk

Timing of replacement

1500 [enuuy

LCC of pipe
(Total cost)

_—-——-/

Cost of response foran
accident (expected value)

Pipeline maintenance
costs
(Initial + maintenance)

Optimum Time
replacement season

www.viavisolutions.com/en-us/products/seeker-d-mca-iii
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http://www.hitachi.com/businesses/infrastructure/product_site/water_environment/water_leakage/index.html
https://www.viavisolutions.com/en-us/products/seeker-d-mca-iii

4. Utilities: water and sewage s
Optimised wastewater freatment levels

Increasing levels of treatment means more energy consumption.
Optimising the usage of freated water depending on end-use could
avoid excess energy consumption.

Water and Wastewater Treatment Technologies: Levels of Wastewater Treatment

¥ * Primary effluent >
R | of Path d . .
\PATertiary / e e wetlands, industrial
0& Advanced (Chemical, Photochemical, Biological) COOllng, non'fOOd CI’Op
’b"éo Removal of Organic Irrlgohon
<< Secondary Matter
ey L e + Secondary effluent > food
,@*‘@ Primary Remaiaint Suspanged crop |rr|g.o’r|on, froHe’r
o (Chemical, Physical) flushing, industrial systems
& i R S e
Y (plzsi:) « Tertiary effluent = potable

water use

Source: Frost & Sullivan

Source http://www.frost.com/prod/serviet/cpo/207381519 , https://www.researchgate.net/figure /Types-and-levels-of-wastewater-Treatment-processes-modified-from-44-45 figl 320450605 © OECD/IEA 2018



http://www.frost.com/prod/servlet/cpo/207381519
https://www.researchgate.net/figure/Types-and-levels-of-wastewater-Treatment-processes-modified-from-44-45_fig1_320450605

4. Utilities: water and sewage ieg

Aerobic to anaerobic freatment processes to recover energy

consumption
Aerobic
) access hole mixer high-pressure valve
———— Use of Combined Heat
1kg 0SS R ~ and Power Unit (CHPU) ——
to be /7 generation %, e
degraded ! \ b £ e
1 T
\ 1 “.ﬂuid zone : . —
Anaerobic | / : y ol
\\ ,/, < o 17 (mineral wool)
T~
I sludge zone y by it
I ‘, £
I mixing zone
I " 2 one ’
I
l———————————————————————————————* ;md::::': ‘e : = grovnd

injection pipe

Source http://siteresources.worldbank.org/EXTWAT/Resources/4602122-1213366294492/5106220-1234469721549/21.3 Energy efficiency.pdf, https://civildigital.com/anaerobic-sludge-digestion © OECD/IEA 2018



http://siteresources.worldbank.org/EXTWAT/Resources/4602122-1213366294492/5106220-1234469721549/21.3_Energy_efficiency.pdf
https://civildigital.com/anaerobic-sludge-digestion/

5. Utilities: energy



ENERGY IS UM
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5. Utilities: energy ol 1A
District Energy Networks
TEMPERATURE :<200°C Energy efficiency/ 1G
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Source http://wedocs.unep.org/bitstream/handle /20.500.11822/9317/-District energy in cifies unlocking the potential of energy efficiency and renewable ene.pdfg¢sequence=2&isAllowed=: © OECD/IEA 2018



http://wedocs.unep.org/bitstream/handle/20.500.11822/9317/-District_energy_in_cities_unlocking_the_potential_of_energy_efficiency_and_renewable_ene.pdf?sequence=2&isAllowed=y

5. Utilities: energy ®

District Energy Networks : elements

District Heating District Cooling
Geothermal Electric chillers
Municipal Waste-to-energy Free cooling
District heating boiler Absorption chiller from surplus heat
Waste heat recovery (from industrial or renewable heat source
processes)
Combined heat and power (CHP) Thermal Storage
Heat pumps Short-term storage
Solar thermall Demand-side response

Seasonal storage

© OECD/IEA 2018



6. Waste



6. Waste

Waste-to-energy : incineration

Recovery of high value energy
that can be use for electricity

generation and heating if there

is high amount of combustibles
in the municipal waste (less
organic waste)

Reduces stronger GHG
emissions (landfill methane
converted to CO, instead)

High capital costs

Source https://www.ecomaine.org/our-facility/waste-to-energy-plant/

TRASH
STORAGE
BUNKER

TIPPING HALL

Waste-to-Energy

* 90% reduction of trash volume
* Power generation
¢ Pollution control

|— o

-

/9 ASHTOLANDFILL

J

J/<>

POLLUTION CONTROL SYSTEM
o 24 o (4] 5]

OC—1C)

NITROGEN —=sp MERCURY —=sp ACID GAS —=sp PARTICULATE —==p POLLUTION
OXIDE & DIOXIN REMOVAL REMOVAL CONTROL

REMOVAL REMOVAL SYSTEM SYSTEM TESTS

SYSTEM SYSTEM

ecomaine

www.ecomaine.org
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6. Waste

Waste-to-energy : biodigestion

» For municipal waste
with high organic
wastes, it could be
digested to produce
biogas

» Controlled methane
generation for gas
networks or
cogeneration use

» Requires land space

How an anaerobic digester works

iea

e . 3\ " . ) Electricity
(1) Input material (2) Digestion (3) Conversion
Micro-organisms break down The biogas, which isrich
Used water the mix of sludge and food waste inmethane, isused
sludgefromwater = material inthe _absence of oxygen: to produce electricity
reclamation plants this anaerobic fermentation
produces gas
Segregated Anaerobic
food waste O fermentaugi; . - ’ Biogas Electricity
Extruder \ ) lreftment generation \
(o) 00 '." ‘
“a -
.
-y
\\.
Food waste '
iscompacted The plant willbeable Cogeneration
: g
and wet organic tc; treat t;u) ég 40tonnes power station
fractions extruded of combined used
High solids water sludge
anaerobic digester and food waste daily
Source: Anaergla TODAY

Source https://www.todayonline.com/sites/default/files/styles/photo _gallery image lightbox/public/22695557.PNG 2itok=6ws-YEFQ
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https://www.todayonline.com/sites/default/files/styles/photo_gallery_image_lightbox/public/22695557.PNG?itok=6ws-YEFQ

6. Waste iea

Other Other
15%
Metal
2%
Metal
3% Glass
3%
Glass
e Organic
Plastic 64% Plastic G;rJge;r:c
8% 12%
Other Qther
Paper
% Metal Paper 0;?%26
3% 99,
s Metal
. . Organi . 6%
Low-income countries Sa%h Upper middle-
income countries
Plastic Glass
1% %
Plastic
1%

Paper
14%

Paper
3%

Lower middle-income countries High-income countries
Composition of municipal waste: greater share of paper and packaging (combustibles) compared to
organic waste as average income increases

Source: World Bank © OECD/IEA 2018


http://documents.worldbank.org/curated/en/302341468126264791/pdf/68135-REVISED-What-a-Waste-2012-Final-updated.pdf

Additional Resources



Additional Resources iea

» Energy Efficient Cities: Assessment Tools and Benchmarking
Practices hifp://www.esmap.org

» C40 Municipal Building Efficiency (MBE)
Network https://www.c40.org/networks/municipal-building-efficiency

» Building Efficiency Accelerator hitp://buildingefficiencyaccelerator.org/

« District Energy in Cities Inifiative hitp://www.districtenergyinitiafive.org/

© OECD/IEA 2018


http://www.esmap.org/
https://www.c40.org/networks/municipal-building-efficiency
http://buildingefficiencyaccelerator.org/
http://www.districtenergyinitiative.org/

Energy Efficiency Training Week: Municipal Services & Ufilities
Scenario: The municipal commissioner wants to be known for
iInnovative solutions at reasonable costs.

Question: What are the new technologies that you can put in place
in order to boost energy efficiencye
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