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1. &4k vs EHASH

Climate Change
O

Paris Agreement(‘16.11.4)
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1. &4k vs EHASH

Climate Change
O
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1. &4k vs EHASH

Water-Energy Nexus
@ @

2011 Estimated U.S. Energy-Water Flow Diagram

ENERGY FOR WATER WATER FOR ENERGY

* Abstraction and conveyance * Extraction and mining

* Treatment * Fuel processing

* Distribution * Thermoelectric cooling

« End-use « Transportation

« Wastewater collection and treatment * Waste disposal and emission control

« Constucting, operating and maintaining « Constructing, operating and maintaining
water-supply facilities energy-generation facilities

Source: World Bank, 2013

Energy reported in Guads/year. Water reported in Bilion Gallons/Day.

Energy plays a crucial role in the supply, treatment and utilization of water.
At the same time, water is an integral part of energy’s life cycle of extraction, production, conversion, distribution, use and disposal.

This interdependence between water and energy is called the water energy nexus.
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Water-Energy Nexus

Water for Energy

Discharge water

Water Source Energyr recycling
Resource (e.g., lakes, rivers, g mratl: on,
aquifiers, sea) :

Raw material
Extraction Refining Transport &

Mining, drilling Coal, petro transmission Energy
oil, natural gas) natura : S generation
Biomass o e S waterways

Wastewater Renewable
collection energy
treatme nd Wind, solar
discharge or reuse hyroelectric, tidal

Note: Water inputs and outputs may be in different water bodies. Transportation fuels, natural gas
Source: Water in the West, 2013

The energy supply chain can be divided into three basic stages: fuel extraction, processing and transportation;
energy transformation (e.g.,generation of electricity) and end-use.

The impacts on withdrawal, consumption and quality of water resources along these different stages is dictated by
how, where and what energy sources characterise the supply chain, as well as by other factors such as the
technology choice, water source and fuel type.
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Water-Energy Nexus
@ @

Energy for Water From Watt ,

To Water .

Total Energy Water-Related Energy
Consumption Consumption

(quads) (quads)

Public water,
0.30

0-300

Public
wastewater, 0.21
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U.S. Energy Consumption, 2010 Energy Intensity of Water Supply Processes in the United States
(EIA 2014; Twomey and Webber 201 I; Sanders and Webber 2012) (EPRI 2009, 4-4)




Water-Energy Nexus
@ @

Energy for Water

In-plant water
pumping
Raw water__ 8%

pumping
11%

Water
treatment
14%
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Groundwater Surface water Electrodialysis Distillation Desalination
chlorination (average)

Energy Intensity of Water Treatment Technologies in the United States Relative Energy Consumption in Water Treatment
(Twomey and Webber 2011, 10) (EPRI 2013, 4-2)
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Water-Energy Nexus
@ @

Energy for Water : U.S

v Nationally, the energy used by water and wastewater
utilities accounts for 35 percent of typical U.S.
municipal energy budgets (NYSERDA, 2008).

Electricity use accounts for 25-40 percent of the
operating budgets for wastewater utilities and
approximately 80 percent of drinking water
processing and distribution costs (NYSERDA, 2008).

Drinking water and wastewater systems account for

approximately 3—4 percent of energy use in the

United States, resulting in the emissions of more than

» UsaeMckne pumping sysiams (pumps,

o 45 million tons of GHGs annually (U.S. EPA, 2012b).

California Energy Commission, 2005; U.S. EPA, 2010a; U.S. EPA, 2010b; Energy Center of Wisconsin, 2003
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Water-Energy Nexus
@ @

Water for Energy : EU

The use of electricity in the water sector is projected to increase globally, exceeding 4 % of the global electricity requirements by 2040

IMPORTS
1483 219 KTOE £ LB00
lra souoruess i E

TTAL PETROLELIM PRODLICTS
) STATISTICAL DUFFERENCE - INFLOW z | 1400
8529 KTOE s [l
AVAILAELE reneviseLes [l 1200
FROM ALL SOURCES  DIRECT CARRY-OVER waste [l
2 281 793 KTOE 204 KTOE e ol
AAll UCLl
TRANEFCRMATION 1000
1955 329 KTOE DERIVED HEAT
i
e NERGY FRODLCTION = eLectricaL enercy [l 800
767 859 KTOE e T ! TRAnFORMATION LossEs [l
1 378 489 KTOE
Vi 600
TRANFORMATION LDSSES
ENERG 326 464 KTOE
400
200
warer [l
WATER LOSSES ] . : - - -
2035 2040

WATER 2014 2020 2025 2030

CONSLIMED
GSbm 'WATER C!JZ.NS.LM'E'[,}

WATER WATER WITHDRAWAL WATER FETLENED BSupply MDistribution  WWastewater treatment 0 Desalination M Transfer  MRe-use
E%Tﬂhﬂju 735.6bm! 43.5b m*

ENERGY

EU energy flow diagram in 2016, with estimated freshwater requirements of the most water-  Electricity consumption in the water sector by process. Source [International Energy
intensive energy sectors in 2015. Source: JRC, based on EUROSTAT 2018 Agency 2016]




Water-Energy Nexus
@ @

Water for Energy : EU
» The EU public water sector requires about 2.6 % of EU electricity consumption, in line with other
= Energy (mostly electricity) consumption from the water sector in the US is at a similar level, 4 %

= |n order to provide 245 litre/day/person of water, the total electricity consumption for drinking water supply amounts to

35 000 GWh, which represents 1.13 % of the electricity currently produced in the EU

Volume Energy Energy Share of EU Energy (Twh) Water(bm?)  100%
(billion m3) (GWh) (share) electricity 40 0 10 90%

80%
70%
60%
Desalination f o
esalination 1or

municipal use 20,695 25.7% 0.67% it g:
20%

Drinking water

supply 35,000 43.5% 1,13% Water Supply

Wastewater

treatment 24,747 30.8% 0.80%

[0}
Wastewater % Volume % Energy

Total . 80,442 100 2.60%

mWater Supply m Wastewater m Desalinaton

Breakdown of volume treated and energy requirements for each stage of the water sector in E d the di t parts of the wat torin 2017 - IRC
2017. (Source: water volumes: [Eurostat 2018], [GWI 2018], andlysis: JRC) nergy needs for the different parts of the water sector in 2017 (source: JRC)
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Water-Energy Nexus
@
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Water-Energy Nexus
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eergyforwater € \Water for Energy
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1. &4k vs EHASH

Water-Energy Nexus

Energy—Water Nexus: The Water Sector’s Energy Use Congressional Research Service, 2017)

Several barriers to improved energy efficiency by water and wastewater utilities are apparent.

1. HE:
Cost. Utilities have limited resources.
Federal and state funding for energy efficiency projects is limited.

2. ¥ :
Municipalities that own and operate water utilities generally are risk-averse, reluctant to change

practices, and hesitant to implement new technologies.
The tendency is to wait until equipment fails rather than be pro-active.

3. 57| 85 :
Facility operators who could advocate for energy efficiency often are disconnected from those in

the utility who pay the electricity bill. To the extent that water utilities can pass on energy costs to

customers, there may be little incentive to investigate energy efficiencies.




1. &4k vs EHASH

Carbon Neutrality

Carbon neutrality refers to achieving net zero carbon dioxide emissions.
This can be done by balancing emissions of carbon dioxide with its removal (often through carbon offsetting)

or by simply eliminating emissions altogether from a society(Wikipedia).

CO, REDUCED
e )\ g

AND OFFSET

OUR CARBON
FOOTPRINT

CleanLM CEEREE

TONS CO; / YEAR TONS €O, / YEAR
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Water Supply System
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Water Supply System
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Water Extraction Water Treatment Distribution

Deep well extraction :
Submersible or shaft turbine deep well
pumping systems

Chemical (disinfection and clarification) :
Piston-type dosing pumps

Physical (e.g. filtration and
sedimentation) : Pumping systems, fans,
agitators, centrifugal blowers

Extraction from a surface Source :
Horizontal or vertical centrifugal pumping
Systems

Distribution to end users :
Horizontal or vertical centrifugal pumping
systems

Sending the water to the distribution
Grid : Submersible or shaft turbine deep
well pumping systems; horizontal or vertical
centrifugal pumping systems

Booster pumping :

Horizontal or vertical centrifugal pumping
systems used to increase pressure of water
going into the distribution system

-
e 8

7H e

Consumption
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Source

Grey Hydrogen

From fossil fuels such

as coal, oil, gas. (~ 95% of H,)

Steam Methane Reforming

Blue Hydrogen

From natural gas through
Steam Methane Reforming &
Carbon Capture & Storage

Green Hydrogen

From water using

renewable power

Coal
Qil
Gas

# — *HZ

Generation
Method

€O, injection to coal,
oil, gas reserveir or
deep saline formation

- No €CS : 1.32 $/kg H,

- With CCS : 2.14 $/kg H,

- Electrolysis : 5~8 $/kg H,
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R A7

v Leak detection and repair
v" Pressure management within the network
v" Measure minimum night flow to gauge leakiness of system

+ Real-time pipe network simulation + Real-time NRW Monitoring - Improvement of operational efficiency
+ Pump control and unnecessary + Management of historical leakage trouble by GIS and Pipe network simulation
pressure suppression - Leakage Risk Evaluation

- Area Leakage Estimation

Unavoidable Annual Physical Losses
Economic Level of Physical Losses

Pressure, flow ;‘ i
Optimization of 2o fms =]
pressure s h v, vy
{ “

Potentially Recoverable Physical Losses

- Pipe network information
- Asset information
Source : The Manager’s Non-Revenue
Water Handbook (published in 2008)
Pump control
Valve control

\
[

& 83

Flow m*hr

-~ 228838

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

°
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Waveenergy 6.64
Max Hz 1780 Hz
Start Time 2020-12-24 14:47:01

Collection Time5

Remarks

v' Leak detection and repair
v" Pressure management within the network
v" Measure minimum night flow to gauge leakiness of system
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Pump system optimization can readily result in 20% energy savings, with
AMH| 58232 S5t £232E| =A! oL X|™Et savings of 30 to 40% often feasible(U.S. Department of Energy, 1999).
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EPRI estimates that 10%-20% energy savings are possible through process optimization

(Congressional Research Service, 2107)
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22RO R|Q] A ht-2 8 EUZ| SHAE ATHOIUR] MY Y Z8 712 (Power to Heat, Power to Head)

Upper Reservoir

Lower Reservoir

= Wind Power === Wind Power + Battery output

Electricity Storage
Systems

Mechanical Thermal Chemical Electro-chemical Electrical

Pumped Thermao- Hydrogen = Lithium-ion = Super-

Storage chemical Storage Battery capacitors
Compressed Sensible Synthetic Lead-acid

Air [CAES) thermal natural gas Battery

Liquid Air Latent (SNG) Nas Battery

Storage thermal Redox Flow

Flywheels Battery World Energy Council, 2016
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Figure 11: Energy efficiency plan for water and wastewater management

L

XA}

~ Describe the service area
Describe energy demand level
Evaluate the system Forecast future energy demand

[

\/

Set goals and targets

Match energy efficiency goals to the needs
Set effective goals and targets

Estimate potential energy savings from proposed measures

Develop efficiency Screen for applicability, feasibility and acceptability

measures

Review goals and objectives
Estimate benefits and cost overview
Design the plan Estimate costs of EE

Estimate benefits

Finalize the plan

Source: Adapted from Orillia Water Conservation and Efficiency Plan 2014

FIGURE 2. STEPS FOR DESIGNING, IMPLEMENTING, AND SUSTAINING ENERGY EFFICIENCY
IMPROVEMENTS IN WATER AND WASTEWATER FACILITIES

Step 1. Get Ready
= Establish the facility's energy pelicy and overall
energy improvement goals
= Secure and maintain management commitrment,
frivolvernent and visibility
Choose an energy "fenceline”
Establish energy improvernent program leadership
= Secure and maintain employee and management buy-in
Step 2. Assess Current Energy Baseline Status
= Establish a baseline and benchmark facilities
= Perform an energy audit
= Identify activities and operations that consume the most energy
ot are inefficient
Step 3. Establish an Energy Vision and Priorities for Improvement
= Identify, evaluate, and pricritize potential energy improvement projects and activities
Step 4. Identify Energy Objectives and Targets
= Establish energy objectives and targets for priority improvernent areas
= Define performance indicators

Step 5. Imp Energy Imp Prog and Build a

Support Them

Develop action plans to implement energy improvernents

Cet top management's commitment and approval

Develop management system ‘operating controls” to support energy improvements
Begin implementation once approvals and systems are in place

Step 6. Monitor and Measure Results of the Energy Imp t t Pr
= Review what the facility currently monitors and measures to track energy use
= Determine what else the facility needs to monitor and measure its priority energy

improvement operations
Develop a plan for maintaining the efficiency of energy equipment
Review the facility's progress toward energy targets
Take corrective action or make adjustment when the facility is not progressing toward its
energy goals
= Monitorfreassess compliance status

<!

Step 7. Maintain the Energy Improvement Program
= Continually align energy geals with business/operation goals
= Apply lessons leamed
= Expand involvernent of management and staff
= Communicate success

Based on U.S. EPA, 2008.
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B 45 My X AL HEe| XAt (Water Carbon Footprint)
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Establish an Baseline

An energy baseline is developed by measuring and documenting your energy usage and costs at a
specific time. This establishes a reference point for evaluating the effectiveness of future changes in
process and equipment.

Top Electrical Energy Use Systems
Baseline Evaluation

B #1 SECONDARY TREATMENT

» Which systems are dominating your energy consumption? m 42 FIXED FILM TREATMENT

* Where should | focus my improvement efforts first? u#3 ANAEROBIC DIGESTION

= Will an improvement actually affect my bottom line? B #4 LIGHTING

» Energy bill usage trends can also provide opportunities for = #5 PRIMARY TREATMENT
improvement. ® Balance of Plant Identified

M Balance of Plant Unidentified




3. &k oUA] He| A A1

B 44 HIH 0LiX| AR Tk ZAL (Water Carbon Footprint)

EPA’s Energy Use Assessment Tool(Energy STAR portfolio Manager) MR

Motor Full | AYerage
. . Motor Motor Operating Average Average
Equipment Motor Size . Load . .
o Efficiency Operating Hours Load Factor Electric
Description {hp) . Amperage

(%) (FLA) Current {Hrs/YT) (%) Load (kKWW)

Estimated Estimated Estimated
Annual Annual Percent of Site
Energy Use Operating Electric Use &
(KWhiyr) Costs ($/Yr) Cost (%)

System Type Equipment Type

{Amps)

Lighting Other KW Load All Site Lighting

Mon Process HVAC Other kKW Load | Al Site HVAC

Influent Pumping Pump j Infl Pump Station

Primary Treatment Blower j Grit Bl
(=)

Primary Treatment Blower j Channel Blower

Secondary Treatment Blower

j Secondy Bl

Secondary Treatment Blower

j Secondy Bl

Secondary Treatment Pump j WAS Pumps

Fixed Film Treatment Pump j R Tower Pumps

Anaerobic Digestion Pump j Sludge Recir Pump

Anaerobic Digestion Mixer j Gas Mixer

Anaerobic Digestion Other kKW Load j MicerEieater

Effluent Pumping/Storag - | Pump j Effluent Pumps

Internal PlantPumping  -| Other kW Load j

The Tool organizes the last five years of utility bills giving a clear look at how use and costs are trending.
Use trends can show performance of existing or new equipment. The Tool also assists in detailing lighting and
HVAC in each building. Comparison of lighting density may highlight areas of energy inefficiency
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Energy Efficiency in Water and Wastewater Facilities u.s. £r4, 2013)

Step 1. Get Ready

-Establish the facility’s energy policy and overall energy improvement goals
-Secure and maintain management commitment, involvement and visibility
-Choose an energy “fence line”

-Establish energy improvement program leadership

-Secure and maintain employee and management buy-in

Step 2. Assess Current Energy Baseline Status

-Establish a baseline and benchmark facilities

-Perform an energy audit Identify activities and operations that consume the
most energy or are inefficient

Step 3. Establish an Energy Vision and Priorities for
Improvement

-ldentify, evaluate, and prioritize potential energy improvement projects and
activities

Step 4. Identify Energy Objectives and Targets
-Establish energy objectives and targets for priority improvement areas
-Define performance indicators

Step 5. Implement Energy Improvement Programs and Build a
Management System to Support Them

-Develop action plans to implement energy improvements

-Get top management’s commitment and approval

-Develop management system “operating controls” to support energy improvements
-Begin implementation once approvals and systems are in place

Step 6. Monitor and Measure Results of the Energy Improvement
Management Program

-Review what the facility currently monitors and measures to track energy use
-Determine what else the facility needs to monitor and measure its priority energy
improvement operations

-Develop a plan for maintaining the efficiency of energy equipment

-Review the facility’s progress toward energy targets

-Take corrective action or make adjustment when the facility is not progressing -
toward its energy goals

-Monitor/reassess compliance status

Step 7. Maintain the Energy Improvement Program
-Continually align energy goals with business/operation goals
-Apply lessons learned

-Expand involvement of management and staff
-Communicate success
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IWA’s ECAM Tool (by WaCClim)

Users: Domestic,
Industrial,
Commercial, ete.

Tier A:
Initial GHG Assessment

GHG emissions by water system GHG emissions by source
total 9000 t €O, eq (%) total 9000 t CO, eq (%)

Al (Water Carbon Footprint)

Tier B:
Detailed GHG Assessment

W Water Supply (WS) I Electricity
W Wastewater Treatment (WW) ] :Ha
2

GHG emissions by stage and by
total 9000 t CO, eq (%)

0159

B WS abstraction
Il WW collection
I WW treatment
I WW discharge

Benchmarking of
pump efficiency
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IWA’s ECAM Tool (by WaCClim)

GHG emissions - | Kg CO: eq o @ highest emission
3,000,000
Water supply (185,000 people)

8,500,000 5
Total GHG

15,000,000 Monitor
Impact

Wastewater (90,000 people) 4

Implement
Measures

Step 5 Monitor Impact

3

(S opll,',j,ﬂ'f.infi‘{ies > Step 4 Implement Measures
® T -

2

Assess Your Step 3 Identify Opportunities
System

1 Step 2 Assess Your System

Motivate
Action

Step 1 Motivate Action
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IWA’'s ECAM Tool (by WaCClim) : Peru, Mexico, Thailand, Jordan

Mexico
Objectives
* Service Performance

* Increasing the volume of wastewater treated v s

Wastewater Collection 4
Wastewater Treatmen
" riking Water Suppry

* Energy optimisation of pumps and treatment processes e
» Improving biogas and energy production in the plant i ) )

1

Motivate

40% reduction in GHG emissions, equivalent to 2500 tons of carbon dioxide per year s

Assess Yaur : . Monitor

Increased wastewater
coverage
40% =——p 80 %

Optimised

wastewater =

st Use of cogeneration
system

Energy-efficient
pumps
Identify Implement
Opportunities Measures

GHG mitigation Benericiaries
Q 2,500t /a 100,000 people
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Energy efficiency in
water and wastewater
management

SHIET : 20(108 7| A2 £8) vs Abl(pump 5) LSS ?

Table 7: Energy conservation measures for identified areas of intervention...................

Retrofit of energy-efficient devices

Decreasing water losses in the
distribution network

Planning to reduce scope of water
losses

Design-based interventions

Area of intervention Energy conservation measure

Simple payback
period in years

Electricity tariff Reducing demand during peak electricity rates

0-2

Optimizing power factor with capacitors

0.8-1.5

Electrical installations - -
Reducing voltage imbalance

1-15

Routine maintenance of pumps and motors

1-2

Operation and maintenance

Maintenance and rehabilitation of deep well and storage facilities

1-2

Use of automation such as supervisory control and data acquisition
(SCADA), telemetry and electronic controllers on modulating valves
to control, for example, pressure and output in the networks, and te
optimize the operation of pumping equipment

2-5

Installing new efficient pumps

1-3

Production and distribution Installing new efficient motors

2-3

Replacing impellers

1-15

Pipeline replacement or rehabilitation

2-5

Optimizing distribution networks by sectoring, removing unnecessary
valves and installing variable speed drives and regulating valves .

05-3

Source: Adapted from Watergy: Energy and water efficiency in municipal water supply and wastewater freatment, 2007

Mainstreaming energy efficiency in urban water and wastewater management in the wake of climate change, 2017
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Wenyan Wu et al,, ‘The changing nature of the water—energy nexus in urban water supply systems’, 2020

6& sources | Energy sources
: Seawater @ 7, ) R
Bazcs dw Py
-- 3

e

! Energy sources

Treatment
and
distribution |

Drinking I

water
treatment

: End users

Water
distribution

1

- ———

[ Climate change ] [Populationgrowth]

Centralised system
Centralised and decentralised system

Technological development

* Treatmenttechnology « Smart meters * Water market
* New pumps/pipes * Smart operation * Energy market

< Changed water—energy nexus in UWSSs due to long-term drivers >
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Wenyan Wu et al,, ‘The changing nature of the water—energy nexus in urban water supply systems’, 2020

Climate Change

Population Growth
Technological development @

WATER

Alternative energy

Alternative sources
* Rainwater
* Stor

* Wastewater

* Pumped hydropower
* Methane gas energy

+ Solar

W e

* Rainwater Tanks * Desalination

* Aquifer Storage & * Recycled wastewater
Recovery

' etands Distribution

* Third Pipe System

* Quality
* Variability

GHG Emissions

< Framework outlining the changing nature of the water—energy nexus for UWSSs from the ‘energy for water’ perspective >
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Opportunities beyond Water and Wastewater Utilities ?

Lam, K.L. and van der Hoek, J.P., Low-Carbon urban water system: Opportunities beyond water and wastewater utilities?, 2020

Utility opportunities wider opportunities

S1-1 sludge drying with solar energy or residual heat

S1-2 CO2 emissions from combustion plants are reduced by Building Management System

S1-3 sealing sludge digestion tanks S1-4 flue gas treatment of combined power-heat generators
S1-5 burning of N20 from the waterline in the furnace of the Amsterdam Waste-to-Energy plant
S1-6 burning of CH4 from the waterline in the furnace of the Amsterdam Waste-to-Energy plant
S1-7 optimization of the nitrification in the wastewater treatment plants to reduce N20 emissions
S1-8 sealing sewers and use of recovered CH4

S2-1 side stream dosing of ozone in drinking water plants

S2-2 supply of drinking water to water distributor by frequency controlled pumps

S2-3 building of 5 3MW wind turbines

S2-4 shutting down water conditioning at Loenderveen drinking water pretreatment plant

S2-5 installation of 100,000 solar panels

S2-6 15 additional measures 2014 in the long term energy saving program

S2-7 7 additional measures 2016 in the long term energy saving program

S2-8 6 additional measures 2015 in the long term energy saving program

$2-9 5 additional measures 2013 in the long term energy saving program

$2-10 400 solar panels for heat production digestion and cooling panels

S2-11 more efficient aeration at WWTPs

$2-12 production of drinking water and industrial water from wastewater effluent

$2-13 shut down water circulation between drinking water reservoirs

S2-14 use of direct current instead of alternating current

S$2-15 direct treatment of drinking water without dune passage

$2-16 replacement of small polder sewers by large polder sewers

S2-17 replacement of small sewage pumping stations by large sewage pumping stations
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Opportunities beyond Water and Wastewater Utilities ?

Lam, K.L. and van der Hoek, J.P., Low-Carbon urban water system: Opportunities beyond water and wastewater utilities?, 2020

Wide opportunity

S3-1 use of calcite instead of garnet sand in drinking water softening

S3-2 use of a 5MW aquifer thermal energy storage in a data center

S3-3 use of surface water as a solar energy collector to regenerate aquifer thermal energy storage systems
S3-4 struvite recovery from wastewater

S3-5 use of thermal energy (heat) from wastewater to regenerate aquifer thermal energy storage systems

$3-6 use of 20,000 shower heat exchangers in households

S3-7 use of thermal energy (heat) from drinking water to regenerate aquifer thermal energy storage systems
$3-9 use of thermal energy (cold) from surface to regenerate aquifer thermal energy storage systems

$3-10 use of CO2 from the biogas upgrading process in drinking water treatment

$3-11 use of thermal energy (cold) from drinking water to regenerate aquifer thermal energy storage systems
$3-12 use of thermal energy (cold) from industrial water to regenerate aquifer thermal energy storage systems
$3-13 biogas production from glycol containing wastewater from Schiphol airport

$3-14 sludge destruction and expansion of the biogas upgrading process at the Amsterdam West wastewater treatment plant
$3-15 use of thermal energy (cold) from wastewater

$3-16 use of thermal energy (heat) from drinking water to regenerate aquifer thermal energy storage systems
S3-17 regeneration of an aquifer thermal energy storage at Schiphol airport with industrial water

$3-18 supply of industrial water without dune passage

$3-19 use of thermal energy from a drinking water transport main to recover an aquifer thermal energy storage
$3-20 use lime instead of sodium hydroxide in drinking water softening

$3-21 sustainable purchase of chemicals

$3-22 use of thermal energy (heat) from rainwater for room heating

S3-23 regeneration of activated carbon onsite

$3-24 use of grinders in households and production of CH4

$3-25 use of iron containing membrane concentrate instead of FECI, in wastewater treatment plants
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ENERGY STAR®

Energy STAR : PortfolioManager®
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Figure 2 - Steps to Compute the ENERGY STAR Score

User enters building data into Portfolio Manager

i + Reference Data
+ 12 months of complete energy use information for all energy types

»  Specific physical building information (size, location, etc.)
» Specific use details describing building activity (hours, etc.)

=—Fitted Curve

Cumulative Percent

2 Portfolio Manager computes the actual source EUI

» Total energy consumption for each fuel is converted from site energy into source energy : 05 1.0 15 2:0 25 3.0 35
» Source energy values are added across all fuel types . i )
«  Source energy is divided by gross floor area to determine actual source EUI Efficiency Ratio (Actual Source EUIl / Predicted Source EUI)
3  Portfolio Manager computes the predicted source EUI

Further Breakdown Source EUl  Site EUI Reference Data Source -

oty AR (where needed) (kBtu/ft?)  (kBtul/ft2) Peer Group Comparison

* Aregression equation for each property type is used to determine predicted source EUI
* The equation begins with the average EUI for the property type and makes a series of Data Center

adjustments based on the use details (hours, workers, efc.) (Average PUE presented in place of EUI 182 18 EPA - Data Cenler
PUE = Total Energy/ IT Energy)

4 Portfolio Manager computes the energy efficiency ratio Laboratory CBECS - Laboratory

) . ] Other - Technalogy/Science I CBECS - Other
» The ratio equals the actual source EUI (Step 2) divided by predicted source EUI (Step 3) Tt

* Lower ratios indicate better performance [Average PUE presented in place of ELI I EPA - Data Center
PUE = Total Energy/ IT Energy)

5 Portfolio Manager uses the efficiency ratio to assign a score via a lookup table Persanal Senvices (Health/Beauty, Dry Cleaning, efc )
Repair Services (Vehicle, Shoe, Locksmith, etc.) 9.9 479 CBECS - Service

» For each score on the 1- 100 scale, the lookup table provides a range of ratio values G

« The ratio from Step 4 s used fo identiy the score Dmmwalermammnmmm
» Ascore of 75 indicates that the building performs better than 75% of its peers (Average EUI presented in Energy per Flow in gallons per day)
EnergylPower Station 893 401 CBECS - Other

590 221 AWWA - Water Treatment Plant

Wastewater Treatment Plant*
(Average EUI presented in Energy per Flow in galions per day) 51 289 AWWA - Wastewater Plant

L T OEL LT CE O LT T T CECEC LT T T EECET>T TETE TOETor T TEEETIEEr - STerENEEECELTED
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Ener gy STAR : PortfolioManager®
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i ENERGY STARY

PortfoliolVlanager”

| Manage Bills (Meter Entries) for Fec
o

Nationally
representative survey
- CBECS gathers data

EPA creates a statistical
model that correlates the
energy data of the property

Compares the actual
energy data for a

Score based on

on building
characteristics and
energy use from
thousands of buildings
across the U.S.

Bank Branch Barracks*

use details to identify the
key drivers of energy use,
accounting for weather

variations

Financial Offices = K-12 Schools

Medical Offices™ Hotels

Score based on CBECS data

Retail Stores Distribution

Centers

other survey data

Data Centers Hospitals

Residence Hall/  Office Buildi

building to the modeled

estimate to determine
where the building ranks
relative to its peers on a
1-100 scale

Supermarkets

Dormitory*

Senior Care Wastewater

Multifamily

Communities  Treatment Plants* Housing

300 Lee Hgrmay
‘Wastington, st of Columbia .G P, VA 22091
20007 gl

Property D: 1825620

1. Review of Whole Property Characteristics

Basic Property Information

1) Property Name for Registry: Office - Test Appacation

TAR Ceted
Buakiogs and Prcss?
N5 plesse specty:

2) Property Type: Office
5 905 2n aceurate deserphon of 0 pimary e of s proparty?

| earomsmo Foge 1608

Wholesale club/
Supercenters

1-100 ENERGY STAR Score /—/%

National Average

Superior Energy
| Management!

50

75

100
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