Our Water‐Energy Vision
Amidst the profound shift underway in the electric power industry, today’s customers are
increasingly seeking choice as to how they manage their energy. They are adopting distributed
energy resources (DERs)—rooftop solar, onsite energy storage, electric vehicles, and energy
management systems—to achieve cost savings, cleaner energy, conservation, and enhanced
reliability. A complex mix of new clean and renewable energy resources, new energy market
mechanisms, and new technologies are both driving and enabling changes that are deemed
pivotal to California’s vision of a low carbon, renewable and resilient energy future.
In January 2015, recognizing the need for forging new business models that can increase electric
reliability while also helping customers to manage their electric supplies and costs, Southern
California Edison (SCE) and Irvine Ranch Water District (IRWD) entered into a Memorandum of
Understanding for a unique Water‐Energy Pilot Program. Through this program, SCE and IRWD
committed to collaboratively identify, evaluate and potentially (co‐)develop “preferred
resources”: Energy Efficiency, Demand Response, Clean/Renewable Distributed Generation, and
Energy Storage.
This report marks the completion of Phase 1 of this groundbreaking partnership – the first in
which an electric utility and its electric customer partnered with the express intent of working
together to increase electric reliability. During Phase 1, both learned much about each other’s
needs, interests and opportunities for new and innovative solutions. This report also marks the
commencement of Phase 2: collaborative actions focused on finding new and innovative water
sector energy strategies beyond “business as usual”.
Through this partnership, SCE and IRWD will continue to identify innovative preferred resources
and develop cost effective water‐energy solutions that help to advance electric reliability and
maximize the associated economic and environmental benefits for both water and electric
customers. As they develop these new strategies and opportunities, SCE and IRWD are
concurrently developing roadmaps, tools and templates that will enable other water and
wastewater utilities to similarly achieve joint water and electric benefits.
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ABBREVIATIONS AND ACRONYMS
Abbreviation/Acronym

Preferred Energy Resources

DER
DG
DR
EE
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IDER
IDSM
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DRES
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Electric System & Project
Planning Concepts

EMS
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LDC
LF
NCP

Organization Names

State Agencies

PLS
PRP
RA
AMS
IRWD
OCWD
SCAQMD
SCE
ARB
CAISO
CEC
CPUC
DWR
SWRCB

Distributed Energy Resources
Distributed Generation
Demand Response
Energy Efficiency
Energy Storage
Integrated Distributed Energy Resources
Integrated Demand Side Management
Coincident Peak ‐ The sum of electric demands from 2
or more different electric loads on an instantaneous
basis (e.g., at 10:00 am on a specific day).
Demand Response Energy Storage
Energy Intensity – Average amount of energy needed
to transport or treat water or sewer flows on a per
unit basis (kWh/AF).
Energy Management Systems
Local Capacity Requirements
Load Duration Curve
Load Factor
Non Coincident Peak – The sum of peak demands
from 2 or more different electric loads over a time
period (e.g., a day, week, month, season, year, etc.).
Permanent Load Shifting
Preferred Resources Program
Resource Adequacy
Advanced Microgrid Solutions
Irvine Ranch Water District
Orange County Water District
South Coast Air Quality Management District
Southern California Edison
Air Resources Board
California Independent System Operator
California Energy Commission
California Public Utilities Commission
Department of Water Resources
State Water Resources Control Board
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UNITS OF MEASUREMENT
ABBREVIATION

DEFINITION
Acre‐Foot

The volume of water needed to cover one
acre of land under 1 foot of water (325,853.4
gallons).

AFY

Acre‐Feet per Year

The number of acre‐feet collected,
produced, treated, delivered, etc. over the
course of a one‐year period.

MG

Million Gallons

One Million Gallons

MGD

Million Gallons
per Day

A measurement of water and wastewater
treatment capacity, expressed in the daily
quantity of millions of gallons that a facility is
designed to process.

MGY

Million Gallons
per Year

A measurement of water and wastewater
treatment capacity, expressed in the
quantity of millions of gallons that a facility is
designed to process on an annual basis.

kW

kilowatt

A measurement of electric capacity or
demand, equivalent to 1,000 watts.

kWh

kilowatt hour

Usage of 1 kW of electricity for one hour.

MW

megawatt

A measurement of electric capacity or
demand, equivalent to 1,000 kW (1 million
Watts).

MWh

megawatt hour

Usage of 1 MW of electricity for one hour.

GW

gigawatt

A measurement of electric capacity or
demand, equivalent to 1,000 MW (1 million
kW or 1 billion Watts).

GWh

gigawatt hour

Usage of 1 GWH of electricity for one hour.

AF

WATER

ELECTRIC

MTCO2e

One Metric Tonne
of CO2
equivalents

MMTCO2e

One Million
Metric Tonnes of
CO2 equivalents

GREENHOUSE GAS
EMISSIONS (GHGs)
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CO2 equivalents is a measurement of
greenhouse gas emissions. One metric tonne
is equivalent to 1,000 kilograms (about 2,205
pounds).
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EXECUTIVE SUMMARY
BACKGROUND
The electric industry is undergoing rapid transformation. California's ambitious Renewable
Portfolio Standard (RPS) targeting 33% renewable energy by 20202 was followed by an even
more aggressive mandate to achieve a statewide resource mix of 50% renewable energy by the
year 2030.3 With a substantial portion of the State’s renewables portfolio expected to be
provided by intermittent resources—especially solar photovoltaics and wind—California is
preparing for a dramatic change in its electric markets, high voltage infrastructure, and grid
operating protocols.
In addition, several factors are converging that may create electricity shortages in Southern
California including the recent shutdown of the San Onofre Nuclear Generating Station,
anticipated retirements of outdated natural gas power plants, and retrofits of existing natural
gas power plants to comply with once‐through cooling policies adopted by the State Water
Resources Control Board. The areas expected to be most impacted by the potential electricity
shortages during 2017 through 2020 are in Southern California Edison’s (SCE) Johanna and
Santiago Substation service areas of south Orange County, which is where the Irvine Ranch
Water District (IRWD) is located (Figure ES‐1).

The SCE‐IRWD Water‐Energy Pilot
To address the market changes and local electric reliability risks, SCE and IRWD entered into a
Memorandum of Understanding (MOU) in 2015 to collaboratively accelerate development of
preferred energy resources. The SCE‐IRWD Water‐Energy Pilot (WE Pilot) was structured to
build upon the parties’ long‐term successes by broadening the scope of potential preferred
energy resource projects, and expanding the level of technical services provided by SCE to help
IRWD identify and evaluate “non‐conventional” opportunities that lie beyond SCE’s existing
customer energy programs. The WE Pilot is distinguished from “conventional” energy programs
by the following unique activities.
1. SCE is helping IRWD to identify, evaluate and accelerate implementation of all preferred
energy resources that can be cost‐effectively developed by IRWD under existing customer
Demand Side Management (DSM) programs.

2
3

Senate Bill X1‐2, Simitian 2011.
Senate Bill 350, The Clean Energy and Pollution Reduction Act of 2015, De Leõn.
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2. Under the WE Pilot, SCE and IRWD will also explore alternative transaction mechanisms
and innovative development approaches for preferred energy resources that do not meet
IRWD’s investment criteria under existing SCE customer energy programs.
3. The scope of preferred energy resources includes a wide variety of demand‐side
strategies, including but not limited to changes to IRWD’s water, wastewater and biosolids
systems and facilities where such changes could have a beneficial impact on the District’s
operation and electric reliability.
4. The scope of preferred energy resources will also consider new/emerging technologies:
energy, water, wastewater, biosolids, controls systems – any type of technology that could
have a beneficial impact on IRWD’s electrical requirements and SCE’s local grid needs.

Figure ES‐1. Overlay of IRWD and SCE PRP Service Areas
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5. The SCE‐IRWD WE Pilot will develop strategies, tools and templates that can help other
water, wastewater and biosolids management utilities throughout SCE’s service area and
expedite development of preferred energy resources within their own systems and
facilities.
6. The SCE IRWD WE Pilot is expected to help IRWD reduce its energy consumption and costs;
increase the reliability of IRWD's water, wastewater and biosolids processing facilities and
management services; and reduce the carbon intensity of its resources, systems and
operations.

Approach
Both SCE and IRWD recognize that significant study, research and environmental compliance
activities will be needed to pursue design, construction and implementation of individual
projects. The WE Pilot MOU therefore sets forth "principles" with respect to the roles and
responsibilities of the partners for various project activities. Key principles in the MOU include:
"IRWD will be the lead agency on any environmental compliance efforts related to the
development of Projects in IRWD's service area and SCE will cooperate as a responsible
agency", and the cost responsibility of the partners for various activities “does not commit
either party to the investment and implementation of any Project."
The SCE‐IRWD WE Pilot Partnership Program consists of three phases:


Phase 1: Establish IRWD Electric "Baseline" and Fast‐Track "Conventional" Projects



Phase 2: Identify/Evaluate "Non‐Conventional" Projects



Phase 3: Develop/Implement High Priority "Non‐Conventional" Projects

The report summarizes the work conducted during Phase 1 and prepares for commencement of
Phase 2.

SCE‐IRWD WATER‐ENERGY PILOT, PHASE 1 REPORT
Final Report March 14, 2017

Page 3

PHASE 1 RESULTS
The first step to initiate the WE Pilot was to establish a “baseline” for IRWD’s electric
requirements from which the results of the WE Pilot can be tracked and measured. Since the
MOU was executed in January 2015, calendar year (CY) 2015 was selected as the base year
from which the pilot’s progress would be measured.

IRWD Baseline Electric Requirements
IRWD has over 300 electric accounts (meters) with SCE. For planning and operational
efficiency, IRWD has assigned each meter to the main type of facility they represent. In
general, the assignment of a meter to a facility type is straight forward. However, some meters
are used for multiple purposes. For example, the Michelson Water Recycling Plant’s meter is
assigned to a water recycling group although it measures energy use for multiple functions
including wastewater treatment, recycled water delivery, an operations building and the San
Joaquin Marsh natural treatment system. Table ES‐1 summarizes the total amount of kilowatt
hours (kWh) and maximum kilowatts (kW) used by each IRWD facility group during 2015. As
presented, total energy use was about 109 million kWh, demand was about 28,000 kW and the
average load factor (average use/demand) was 44%. Electric use at IRWD’s facilities was highly
variable with two groups consuming over 20 million kWh, three groups having a demand that
exceeds 4,000 kW, and load factors ranging from 13 to 85%.
Figures ES‐2 and ES‐3 on page 6 show the contribution by type of facility to a 2015 peak day in
winter (February) and summer (August) that was developed from 15‐minute electric data. As
presented, IRWD’s electric use on a winter day (Figure ES‐2) is characterized by a relatively flat
shape while the summer day (Figure ES‐3) has a very noticeable “trench” (low electric use) from
noon to 6:00 p.m. This diurnal load shape on a summer weekday is typical of IRWD’s current
operation because staff makes conscientious decisions to limit electric use when SCE’s time‐of‐
use rates for both energy (kWh) and demand (kW) are much more expensive. The visible
trench that occurs at IRWD’s facilities during the summer attests to IRWD’s success in
controlling electrical costs.
Other information presented in Figures ES‐2 and ES‐3 include the maximum monthly demand
(non‐coincident peak) and the annual coincident peak. The maximum monthly demand (peak)
is used in energy billing. It represents a non‐coincident peak that is equal to the sum of peak
demands from 2 or more different electric loads over a time period (e.g., a day, week, month,
season, year, etc.). A coincident peak is the sum of electric demands from 2 or more different
electric loads on an instantaneous basis (e.g., at 10:00 am on a specific day). As shown in
winter, the monthly coincident peak is about 97 percent of the annual peak; while in summer,
this ratio is about 78 percent.
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Table ES‐1. IRWD’s CY2015 Electric Requirements by Type of Facility
Facility Code

Nbr.
Of
Meters

Facilities Description

Collections

Sewage Pumping

Collections Lift Station

Sewage Lift Stations

DATS

Deep Aquifer Treatment System

DRWF

Dyer Road Well Field

DW

Drinking Water

DW & RW Pump

Energy
(kWh)

Demand
(kW)

Load
Factor
(%)

2

3,752

1.0

42.8%

18

994,510

449.0

25.3%

1

9,267,083

1,238.0

85.5%

31

20,556,490

5,002.1

46.9%

129

313,273

89.0

40.2%

Drinking Water and Recycled Water
Pumps

3

1,981,980

797.0

28.4%

DW Other

Drinking Water, Misc.

3

1,313

1.0

15.0%

DW Pump

Drinking Water Pump

34

14,795,694

7,130.4

23.7%

DW Well

Drinking Water Well

2

808,469

718.0

12.9%

IDP

Irvine Desalter Project

4

4,887,359

1,027.3

54.3%

ILP Untreated

Irvine Lake Pipeline Untreated Water

2

111,811

15.0

85.1%

LAWRP

Los Alisos Water Recycling Plant

3

7,762,444

1,232.0

71.9%

MWRP

Michelson Water Recycling Plant

2

28,673,795

4,368.0

74.9%

NTS

Natural Treatment System

15

62,995

20.0

36.0%

Offices

Office Buildings

7

1,274,439

362.0

40.2%

RW

Recycled Water

42

4,801,219

1,076.2

50.9%

RW Pump

Recycled Water Pump

9

6,502,417

2,755.7

26.9%

RW Well

Recycled Water Well

9

3,658,031

846.0

49.4%

Well 21&22

Wells 21 & 22

2

2,887,512

904.0

36.5%

Non‐IRWD

Rented/Leased Facilities

3

49,604

16.0

35.4%

321

109,394,190

28,047.7

44.5%

TOTALS

Source: SCE Electric Bill Data
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Figure ES‐2. IRWD’s Peak Electric Demand in Winter

Figure ES‐3. IRWD’s Peak Electric Demand in Summer
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IRWD’s baseline electric requirement assessment also includes the following products,
which are further described in Appendix B:


An analysis of IRWD’s district‐wide coincident and non‐coincident peak demand;
where coincident peak is the sum of electric demands from 2 or more different
electric loads on an instantaneous basis (e.g., at 10:00 am on a specific day) and
non‐coincident peak is the sum of peak demands from 2 or more different
electric loads over a time period (e.g., a day, week, month, season, year, etc.);



The contribution of IRWD’s annual peak electric day by facility type; and



Electric load profiles for the six largest facility groups that include an analysis of their
coincident peak, monthly and annual electric requirements, diurnal electric load
profiles, and load duration curves that depict the percentage of hours electric power
was used at various demand levels.

Preferred Energy Resources
SCE and IRWD have collaborated for many years on the development of preferred energy
resources (energy efficiency, demand response and distributed generation). Table ES‐2 lists six
projects that SCE and IRWD cooperatively executed prior to initiating the WE Pilot in January
2015. As presented—through the SCE‐IRWD cooperation—these preferred resources are
estimated to result in an annual savings of about 20 million kWh of energy use, 2,700 kW of
demand, and 4,700 metric tons of carbon dioxide equivalents (MTCO2e). In addition, these
projects received about $3.48 million of SCE incentives and are expected to provide about
$2.5 million of annual savings to IRWD. The role of the WE Pilot, with respect to these projects,
was to assure that the projects are implemented as quickly as possible.
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Table ES‐2. Conventional Preferred Resources Projects Approved for Implementation
Facility
Code

Project
Name

Project
Type

kWh
Savings

kW Peak
Demand
Reduction

GHG
Emissions
(MTCO2e)

Year
Completed

IRWD
Annual
Energy
Savings

SCE
Incentives

1

MWRP

Michelson
Water
Recycling
Plant Phase
2 Expansion

DSM

5,147,234

587.7

1,184

2016

$617,668

$500,000

2

MWRP

Michelson
Biosolids
Microturbines

DG

7,683,300

1,000

1,767

2017

$921,996

$2,172,000

3

MWRP

Michelson
Biosolids
Facility

DSM

3,211,334

390

739

2017

$385,360

$328,000

4

MWRP

GE LEAP
Retrofit for
MBR

DSM

663,035

125

153

2017

$79,564

$112,028

5

MWRP

Michelson
Aeration
Blower
Overhaul
(post
installation)

DSM

324,232

38

75

2016

$38,908

$50,697

6

BWTP

Baker Water
Treatment
Plant

DSM

3,393,060

558

780

2017

$407,167

$320,644

20,422,185

2,698.7

4,698

2016-17

$2,450,663

$3,483,369

Project
Number

Subtotals

Table ES‐3 presents five additional preferred resource projects have been identified but not yet
approved for implementation by IRWD. Through the WE Pilot, SCE and IRWD identified
additional savings of about 6 million kWh of electric use, 3,300 kW of electric demand, and
1,400 MTCO2e. In addition, these projects may receive some SCE incentives and are expected
to provide about $712,000 of additional annual savings to IRWD. These additional projects are
believed to be both technically and economically viable under SCE’s customer energy programs;
however, additional analyses are needed to develop the proposed project sizes, design and
development approach. If, after the additional work is completed, IRWD staff determine that
these projects are technically and economically viable, the project(s) will be brought to IRWD
for consideration to proceed with implementation. If they are found to be non‐viable under
existing SCE customer energy programs, these projects will be added to the portfolio of
opportunities that will be reconsidered during Phase 2 in the context of non‐conventional
development and financing approaches. In addition, IRWD is implementing a project to install
7,000 kW of batteries that is not shown in Table ES‐3 until the batteries are operational and the
energy savings are better defined by IRWD’s partner, Advanced Microgrid Solutions (AMS) (see
Appendix D for more on this topic).
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Table ES‐3. Conventional Preferred Resources Project Opportunities Design/Evaluation Stage
Project Name

Project
Type

kWh
Savings

kW Peak
Demand
Reduction

GHG
Emissions
(MTCO2e)

Year
Completed

IRWD
Annual
Energy
Savings

BWTP

Baker Solar PV

DG

3,162,471

2,000

727

2017

$379,497

8

MWRP

EE Lighting
Retrofits

DSM

710,844

167.9

163

2017

$85,301

9

Sand
Canyon
HQ

EE Lighting/
HVAC/Controls
Retrofits

DSM

207,961

45.2

48

2017

$24,955

10

LAWRP

EE Lighting
Retrofits

DSM

36,294

8

2017

$4,355

11

MWRP

MWRP Solar
PV

DG

1,813,677

1,147

417

2018

$217,641

5,931,247

3,370.1

1,363

2017-18

$711,749

Project
Number

Facility
Code

7

Subtotals

10.0

SCE
Incentives

TBD

TBD

IRWD’S PROJECTED ELECTRIC REQUIREMENTS
IRWD’s energy use is expected to increase significantly in the near future. This increase is the
result of population growth and policy decisions that allow IRWD to minimize customer costs by
expanding existing—and constructing new—facilities. Table ES‐4 lists the primary facilities that
IRWD expects to construct in the near future and their estimated electrical use, electric
demand, cost and greenhouse gas (GHG) emissions without adjusting for any projected energy
savings through the SCE‐IRWD partnership. As shown, IRWD’s electrical use, demand, costs and
greenhouse emissions are expected to increase to about 228 million kWh of use, 48,000 kW of
demand, and 52,000 MTCO2e. Key estimates used in this forecast are described in Appendix G
and include:


IRWD’s baseline (2015) and projected (2016‐2035) electricity use, demand, cost and GHG
emissions. (These numbers do not include electricity used to deliver imported water or to
treat exported biosolids).



Estimates for MWRP Phase 2, Baker WTP and the MWRP Biosolids do not include the
reductions associated with implementing the SCE‐IRWD energy savings projects listed in
Tables ES‐2 and ES‐3.



Estimates for Baker WTP are based on the operation of the entire facility capacity (43.5 cfs),
and not just IRWD’s share of the capacity (10.5 cfs).



Future groundwater use assumes recycled water is not excluded from the calculation of
IRWD’s total water demand within the Orange County Aquifer. In addition, it is assumed
that no additional IRWD lands will be annexed into the Orange County Water District’s
(OCWD) service area.
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The projected impact of IRWD’s installation of 7,000 kW of batteries are not shown because
the batteries are not yet operational.



Future costs were estimated using IRWD’s average 2015 billing rate (12 cents per kWh) with
an annual escalation of 2% per year as recommended by IRWD.



Greenhouse gas emissions from electrical use were estimated using SCE’s 2015 greenhouse
gas conversion factor of 0.23 MTCO2e/MWh (see Appendix F).

Table ES‐4. Future Planned IRWD Facilities without Energy Savings from the SCE‐IRWD Partnership
In-Service
Facility
Name

Future Forecast (Year 2035)

Year

Initial
Capacity

Capacity
in 2035

Annual
Energy
(kWh)

Annual
Demand
(kW)

Annual
Electric
Costs
($2015)

GHG
Emissions
(MTCO2e)

MWRP Ph.2

2016

18 MGD

28 MGD

20,771,476

2,927

$3,703,838

4,777

MWRP Ph.3

2025

28 MGD

33 MGD

12,959,355

1,826

$2,310,830

2,981

Baker Treatment Plant

2017

28.1 MGD

28.1
MGD

18,713,187

3,095

$3,336,817

4,304

MWRP Biosolids Project

2018

24.2 MGD

33.0
MGD

37,193,345

5,587

$6,632,082

8,554

Misc. Future Groundwater Wells

2017

9.9 MGD

9.9 MGD

20,022,592

4,571

$3,570,302

4,605

Peters Canyon Diversion Project

2017

n/a

n/a

205,841

29

$24,696

47

Syphon Reservoir

2023

500

5,000

8,750,000

1,988

1,596,942

2,013

Impact of System Additions on Annual Electric Requirements (CY2035)

118,615,755

20,033

$21,175,509

27,281

ADD: Baseline CY2015 Electric Requirements
(Costs Adjusted for CY2035 Rates)

109,394,190

28,048

$18,694,657

25,161

228,009,945

48,081

$39,870,166

52,442

Total CY2035 Electric Requirements, Costs and GHG Emissions

Using the above estimates, Figure ES‐4 shows IRWD’s electric requirements projected over a
20‐year forecast period (2016‐2035). As presented, significant increases occurred in 2016 when
the MWRP Phase 2 came on‐line, in 2017 when the Baker WTP, Future Wells and Peters Canyon
Diversion Project come on‐line, in 2018 when the MWRP Biosolids Handling Project comes on‐
line, in 2023 when the Syphon Reservoir comes on‐line, and in 2025 when the MWRP Phase 3
expansion comes on‐line.
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Figure ES‐4 also shows the reduction in projected energy demands and costs after removing the
energy saved by the SCE‐IRWD partnership, including projects that are approved for
implementation (Table ES‐2) and opportunities in the design/evaluation stage (Table ES‐3). As
shown, in 2025 IRWD will use twice as much energy as it did in 2015. However, with preferred
energy resources, IRWD will reduce electric energy use by 455 million kWh and save more than
$71 million over the 20‐year forecast period. In addition, IRWD will reduce energy‐related GHG
emissions by 104,566 MTCO2e over the 20‐year forecast period.

Figure ES‐4. The Effect of Preferred Resources on IRWD’s Projected Electric Requirements (2016‐2035)4

4

See Chapter IV IRWD’s 20 Year Electric Forecast (2016‐2035), Appendix G Future Forecast of IRWD’s Electrical
Use, Demand, Cost and GHG Emissions, and Appendix C for more information about the assumptions and
estimates underlying the 20 year forecast.
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NEXT STEPS
As described above, the SCE‐IRWD Water‐Energy Pilot consists of three phases. This report
describes the activities completed in Phase 1 ‐ Establish IRWD Electric "Baseline" and Fast Track
"Conventional" Projects. Activities planned for Phase 2 ‐ Identify/Evaluate "Non‐Conventional"
Projects and Activities include the following:


Mapping relationships among IRWD's systems and facilities to enable modeling the electric
impacts of infrastructure and/or operational changes to any part of the system.



Developing analytical tools that facilitate the identification and evaluation of non‐
conventional preferred energy resource opportunities. These tools will include:
o Identification of key variables used to ascribe the value of water and energy resources
to IRWD and SCE.
o Developing scoring criteria used to prioritize opportunities.



Systematic identification and feasibility level evaluation of up to ten preferred energy
resource opportunities.
o Opportunities that appear cost‐effective will be considered for implementation by IRWD
under existing SCE customer energy programs as fast‐tracked, "conventional" projects.
o Opportunities that are deemed not cost‐effective will be evaluated for implementation
as “non‐conventional”.
o Potential non‐conventional opportunities include but are not limited to:
1. Distributed Generation using existing generators, advanced fuels, new emissions
controls technologies and/or new electric production technologies.
2. Battery Energy Storage opportunities other than those currently being pursued by
IRWD and AMS.
3. Permanent Load Shifting and Enhanced Demand Response Capabilities through
increased water storage (tanks and reservoirs—both potable and recycled water).
4. New Water or Wastewater Treatment Technologies that can significantly reduce
electric use.
5. New Recycled Water Storage that can provide energy and water savings by
increasing both hourly and seasonal storage flexibility.
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I

INTRODUCTION

The California electric industry is undergoing rapid transformation, which will require
innovative and ambitious efforts to meet the challenges of maintaining electric system grid
reliability and the increasing costs of energy in a strengthening economy. Partnerships between
electric service providers and customers are essential to developing collaborative solutions that
can meet these challenges, both cost effectively and in concert with the clean energy policy
objectives.
California's ambitious Renewable Portfolio Standard (RPS), targeting 33% renewable energy by
2020 [Senate Bill X1‐2, Simitian 2011], was followed by an even more aggressive mandate to
achieve a statewide resource mix of 50% renewable energy by the year 2030 [Senate Bill 350,
The Clean Energy and Pollution Reduction Act of 2015, De Leõn]. With a substantial portion of
the renewables portfolio expected to be provided by intermittent energy resources—especially
solar photovoltaics and wind—California is bracing for a dramatic change in its electric
resources, markets, and transmission and distribution infrastructure.
Preferred Electric Resources, such as projects contemplated by the WE Pilot, can help to lessen
the effect of some of these challenges by synchronizing electric use and electric production on a
real‐time basis, thus increasing electricity reliability and reducing electric system volatility and
costs. Meeting electricity reliability needs through collaboration and implementation of
mutually beneficial measures or Preferred Resources will help to address the challenges of a
changing electric industry.
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The California Independent System Operator's (CAISO) well publicized "Duck Chart" (see box on
the next page) depicts the electric reliability challenges California is facing as it scrambles to
rapidly integrate large quantities of intermittent renewable energy resources at a time when a
substantial portion of California's traditional central electric generation plants ‐ nuclear and
fossil ‐ are being retired.
The CAISO is charged with operating the State’s high voltage electric transmission system (“the
grid”) and projects that the State’s high volume of solar and wind resources will cause electric
supplies to exceed demand when wind and solar are producing at the same time. This event,
known as “over‐generation”, can increase risks of disruption to electric service unless
appropriate actions are taken. Potential measures include increasing electric demand during
these periods, storing electric energy for use during other time periods, and/or curtailing
(turning off) some electric generation. The partnership between SCE and IRWD under the WE
Pilot demonstrates how a California electric
utility and its customers can work together to
implement some of these potential measures for
“Public Utilities Code Section 769
the benefit of each utility.
and R.14‐08‐013 require that
distribution grid planning be
informed by distributed energy
resources, including choices made by
customers. Here we acknowledge
that the inverse is also true:
customer choice should be informed
by the impact of those choices on
the electrical grid’s needs.”
Source: CPUC 15-09-022 Decision Adopting
an Expanded Scope, A Definition, and a
Goal for the Integration of Distributed Energy
Resources, September 17, 2015.

For the first time, electric users – customers – are
being looked to as part of the solution: as
California grapples with its rapidly changing
electric future, the critical role of end users is
being recognized as pivotal to achieving the
State's vision of a clean, reliable and low carbon
energy future. One of the key objectives of the
electric utilities’ Distribution Resources Plans is to
increase the ability of customers to provide
electric reliability support through development
and management of distribution level
"preferred" electric resources: Energy Efficiency,
Demand Response, Clean/Renewable Distributed
Generation, and Energy Storage.
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The CAISO’s “Duck” Chart

This “net load” chart was prepared by the CAISO to illustrate the projected impact of a 33%
RPS by 2020. The chart shows projected electric demand less “variable” generation
resources (primarily solar, wind and “as‐delivered” hydropower that cannot be easily
managed).
The chart highlights two major challenges:
(1) The real‐time convergence of increasingly large quantities of solar and wind during some
times of the day will create risks of “over‐generation” – periods when real‐time electric
supplies will significantly exceed real‐time demand.
(2) Very steep daily ramps in solar and wind generation, both up and down, require
sophisticated telemetry, system controls and multiple strategies to safely manage system
voltage without resorting to curtailing (turning off) some of the renewable energy resources
California has prioritized for its energy resource portfolio.
To further complicate matters, some of California’s electric resources are considered “non‐
dispatchable” – i.e., either not subject to the CAISO’s control, or difficult for the CAISO to
turn on and off quickly, when needed to maintain electric reliability. The CAISO needs new,
very fast and flexible resources, technologies and strategies for balancing real‐time electric
supplies and demand, especially during periods when over‐generation causes net electric
demand to fall below the level of “must run” non‐dispatchable resources (i.e., resources that
the CAISO cannot turn off or reduce ‐ see the dotted red line).
In addition, it is not enough to just choose one or more resources to curtail – from a voltage
perspective, location matters.
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SCE'S PREFERRED RESOURCES PROGRAM (PRP)5
SCE’s Preferred Resources Program (PRP) is an innovative initiative for encouraging
development of a portfolio of “preferred” clean energy resources that can enable SCE to
continually meet customers’ electricity needs while managing projected growth in electric
demand and potential risks of electric volatility due to over‐generation. The SCE‐IRWD WE Pilot
is designed to demonstrate whether—and how—a diverse mix of “preferred” clean energy
might be able to offset a portion of the 300 MW of increasing customer demand for electricity
in a densely populated metropolitan area, thereby deferring or eliminating the need to procure
new gas‐fueled power generation within the region. The WE Pilot is being implemented in the
Orange County region of Southern California.
The SCE IRWD WE Pilot was developed to examine how distributed clean energy resources can
meet local power needs in a major U.S. metropolitan area. Already, the WE Pilot has provided
scalable lessons that SCE can apply to other grid‐constrained locations within its service area,
including:


New approaches to energy portfolio design and acquisition,



New opportunities for customers to participate in Demand Side Management (DSM)
programs, and



New methods to measure distributed energy resources performance.

The SCE‐IRWD WE Pilot includes the following four preferred resources:
1. Energy Efficiency (EE): Reducing electric usage through changes to facilities’ design,
processes, technologies and/or operations.
2. Demand Response (DR): Shifting electric usage from times of high electric demand to lower
electric demand in order to support local electric reliability.
3. Distributed Generation (DG): Electric generation at the distribution level, both "behind the
meter" (i.e., on the customer's site) and "in front of the meter" (i.e., on the electric utility's
system).
4. Energy Storage: Utilizing technologies that enable storing electricity for later use.
This multi‐year program will provide data to help determine the positive impacts of demand
side management and clean energy options on the local electric distribution system with the
goal of determining the appropriate mix of preferred resources needed to provide a level of
electric reliability equivalent with that of “traditional” resources (e.g., gas‐fired power plants).

5

SCE's Preferred Resources Program, Southern California Edison, 2016.
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WATER‐ENERGY PILOT OBJECTIVES
The overall objectives of the SCE‐IRWD WE Pilot are to:


Measure the local grid impact of preferred resources;



Implement a preferred resources portfolio to address local peak needs;



Demonstrate that preferred resources can be used to meet local capacity requirements;



Minimize or eliminate the need for gas‐fired generation at these locations;



Identify lessons learned for application to other grid areas; and



Help IRWD reduce its energy consumption and costs; increase the reliability of IRWD's
water, wastewater and biosolids processing facilities and management services; and in
doing so, also reduce the carbon intensity of its resources, systems and operations.

THE SCE‐IRWD WATER‐ENERGY PILOT
The SCE‐IRWD Water‐Energy Pilot (WE Pilot) was
initially developed to alleviate anticipated
electricity shortages within south Orange County as
a result of "… the shutdown of the San Onofre
Nuclear Generating Station, anticipated
retirements of outdated natural gas power plants
and retrofits of existing natural gas power plants to
comply with State Water Resources Control Board
once‐through cooling policies …".6 To address
those electric reliability risks, the pilot partnership
was structured to facilitate the development of
"preferred" [energy] resources: energy efficiency,
demand response, clean and/or renewable
distributed generation, and energy storage.
The WE Pilot anticipated that the partnership
would succeed in identifying multiple preferred
resource opportunities ("projects") with the
potential to increase electric reliability within south
Orange County while also assisting IRWD in
reducing its energy requirements and costs.

WE Pilot Partnership
Purpose
"… to identify, study, research and
recommend actions and
strategies that consider both
existing and new technologies and
collaborative business practices
that could result in cost‐effective
projects at or near IRWD facilities,
with the intention of enhancing
electric reliability in Orange
County and making IRWD more
independent and efficient in
electricity usage."
Source: Memorandum of Understanding
between Irvine Ranch Water District and
Southern California Edison - Water
Energy Pilot executed January 9, 2015.

6

Memorandum of Understanding Between Irvine Ranch Water District and Southern California Edison ‐ Water
Energy Pilot executed January 9, 2015.
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The partners recognized that "… significant study, research and environmental compliance
activities ... will be needed to pursue design, construction and implementation of individual
projects." The MOU therefore set forth "principles" with respect to the roles and
responsibilities of the partners for various project activities. The WE Pilot MOU stipulates
"IRWD will be the lead agency on any environmental compliance efforts related to the
development of Projects in IRWD's service area and SCE will cooperate as a responsible
agency." The MOU also describes the cost responsibility of the partners for various activities,
recognizing that the MOU "… does not commit either party to the investment and
implementation of any Project."
The SCE‐IRWD WE Pilot consists of three phases:


Phase 1: Establish IRWD Electric "Baseline" and Fast‐Track "Conventional" Projects



Phase 2: Identify/Evaluate "Non‐Conventional" Projects



Phase 3: Develop/Implement High Priority "Non‐Conventional" Projects

The purpose of this report is to summarize the work that was conducted during Phase 1 and
prepare for commencement of Phase 2.
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II IRWD'S ELECTRIC BASELINE
One of the initial steps in undertaking a pilot program of this kind is to establish a “baseline”.
The baseline enables tracking and measuring the results of partnership activities.
Since the WE Pilot’s MOU was executed in January 2015, calendar year 2015 was selected as
the base year from which the partnership’s progress would be measured. This chapter
documents IRWD’s electric requirements during the WE Pilot Base Year, 2015.

IRWD’S ELECTRIC REQUIREMENTS (BASE YEAR 2015)
IRWD’s annual peak electric demand occurred on August 20, 2015, a weekday (Thursday). The
day on which it occurred is significant because SCE’s retail electric prices for commercial and
industrial customers are highest during four summer months (June, July, August and
September) between the hours of noon to 6:00 p.m. on weekdays.
Below is SCE’s current summer time‐of‐use rates for large industrial facilities. Many of IRWD’s
largest electric consuming facilities are billed under this rate schedule that assesses a significant
price premium for electric use during Noon to 6:00 p.m. on summer weekdays.

SCE’s Summer Time‐of‐Use Rate for Large Industrial Facilities
SCE’s current summer rates under tariff Time‐of‐Use Schedule eight Option B (Primary
Voltage) are as follows:

IRWD’s largest electric consuming facilities are subject to the above rates. The kWh charge
applies to the total amount of electricity used during the billing period (month) within the
time periods shown. The kW charge is assessed on the maximum electric demand (kW)
needed within each of the time periods during each monthly billing period (referred to as
“kW‐months”).
[Note: The above rates became effective January 1, 2017. The rates effective during CY2015 and CY2016, while
different from the above, followed the same relative weighting among on-peak, mid-peak and off-peak rates.]
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Typically, water and wastewater agencies experience peak monthly demands for both potable
and recycled water, and for wastewater treatment, during the hottest days in summer. The
coincidence of peak water and wastewater related electric demands, with high electric demand
for air conditioning, creates significant stress on electric resources and infrastructure, incurring
commensurately higher costs for producing and delivering large quantities of electricity from
electric generators to users.
Over the years, IRWD has implemented system modifications and operating protocols that
enable deferring substantial quantities of its electric use to lower cost time periods. The figure
on the next page is illustrative of IRWD’s cost‐conscious operating protocols. During the highest
cost noon to 6:00 p.m. time period, IRWD dramatically reduced its electric usage. In order to do
this, IRWD needed to use much more electricity during lower cost time periods, especially
during the lowest‐priced “off‐peak” hours.7 So, although IRWD’s highest electric demand
occurred during a summer month, it occurred during the lowest cost time period in that month.

7

IRWD’s electric load profile was prepared using 15‐minute electric demand data from 119 meters that accounted
for 99.5% of IRWD’s electric purchases from SCE during calendar year 2015. The remaining 0.5% of IRWD’s annual
electric requirements was purchased at 202 metered sites that had very low electric usage. Fifteen minute electric
data for these additional 202 meters were not used to prepare this analysis because they would have required
significantly more time and processing power, and their inclusion would not have added substantially to an
understanding of IRWD’s electric requirements.
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IRWD’s Peak Electric Demand Day: August 20, 2015
On August 20, 2015, the 119 meters that accounted for 99.5% of IRWD’s electric
purchases from SCE had a Coincident Peak Demand of 18,911 kW. The peak demand
occurred at 00:45 hours (Off‐Peak).

The red line at the top of the figure represents the maximum electric demand used by all
321 IRWD sites that purchased electricity from SCE during 2015.
The above 24‐hour electric load profile is typical of IRWD’s operations during summer
weekdays.

The figure on the next page shows that during winter months, when there is no electric price
penalty for operating during the noon to 6:00 p.m. time period, IRWD’s facilities are operated
differently.
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IRWD’s Typical Winter Operations (February 2015)

IRWD operations during winter months have a distinctly different electric profile (no
mid‐day trench).

Examining seasonal and diurnal electric load patterns enables SCE and IRWD to identify
potential opportunities for IRWD to adjust operations of its facilities and support local electric
reliability.

In preparation for Phase 2 of the WE Pilot, SCE and IRWD identified potential “Non‐
Conventional” preferred energy resource opportunities, and documented the current design,
operations and electric drivers of IRWD’s main facilities. These data and related information are
provided in Appendix A ‐ Major IRWD Systems and Facilities and Appendix B ‐ IRWD Baseline
Electric Requirements (CY2015).
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III PREFERRED ENERGY RESOURCES
The scope of the SCE‐IRWD WE Pilot is consistent with the scope of Distributed Energy
Resources (DER) as defined by the CPUC in its Order Instituting Rulemaking 14‐10‐003 to Create
a Consistent Regulatory Framework for the
Guidance, Planning, and Evaluation of Integrated
Distributed Energy
Demand Side Resource Programs8: “… we adopt
Resources (DER)
the following definition for the integration of
distributed energy resources: A regulatory
Are distributed renewable
framework developed by the Commission to
generation resources, energy
enable utility customers to effectively and
efficiency, energy storage, electric
efficiently choose from an array of distributed
vehicles, and demand response
energy resources, taking into consideration the
technologies.
impact and interaction of such resources on the
grid as a whole, the individual customer’s energy
Source: CPUC 15-09-022 Decision
usage, and the environment.”9
Adopting an Expanded Scope, A Definition,
and a Goal for the Integration of Distributed
Energy Resources, September 17, 2015.

With this CPUC definition as context, SCE and
IRWD developed a framework for identifying and
evaluating potential preferred energy resources.
The framework encompasses the full scope of
preferred, distributed energy resources included in the scope of the CPUC’s Distributed Energy
Resources rulemaking:


Making IRWD’s systems and facilities as energy efficient as possible;



Seeking opportunities for increasing the operational flexibility of IRWD’s systems and
facilities, enabling increasing electric use when electric supplies are ample, and reducing
electric use when electric supplies are low; and



Maximizing development of customer‐side clean, renewable distributed generation.

Both new and existing technologies are included in the WE Pilot scope, including battery energy
storage technology, which is a high priority resource for the State that may enable closer real‐
time synchronization of electric supplies and demand at both the transmission and distribution
system levels.

8

In its Decision 15‐09‐022, the CPUC changed the scope of its Rulemaking 14‐10‐003 from “Integrated Demand
Side Management (IDSM)” to the broader description of “Integrated Distributed Energy Resources (IDER)” on the
basis that IDER more appropriately recognizes the duty that energy utilities and their customers have to each other
to support and advance clean distributed energy resources and electric reliability.
9
Ibid.
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IRWD’S PREFERRED ENERGY RESOURCES
SCE and IRWD began collaborating on clean energy initiatives long before the State's
commitment to increase renewable energy and before executing the SCE‐IRWD WE Pilot MOU.
Initially, SCE focused on assisting IRWD with identifying, evaluating and implementing energy
efficiency and electric demand response in its water and wastewater systems. As customer
energy programs evolved in California to a broader portfolio of demand‐side strategies, SCE's
assistance expanded to include technical asssistance and financial incentives for development
of energy saving projects at IRWD. The partners' current partnership in this unique WE Pilot is a
natural outgrowth of that historical collaboration.

Framework for Identifying and Evaluating Preferred Energy Resource
Opportunities
IRWD has diverse and complex water, wastewater, recycled and (soon to be operational)
biosolids management facilities that provide many opportunities to implement preferred
energy resources. Table 1 describes some of the opportunities for near‐term projects that
could be accelerated during Phase 1 of the WE Pilot. Table 2 provides a description of the
primary types of preferred resource opportunities that IRWD and SCE have identified to‐date,
the types of barriers anticipated to implementing these opportunities, and potential ways to
resolve some of the identified implementation challenges.
The framework described herein will guide SCE and IRWD in the identification and evaluation of
Phase 2 “Non‐Conventional” preferred energy resources projects and strategies.
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Table 1. Potential Preferred Energy Resource Opportunities Identified During the WE Pilot Phase 1

Project Type

1 - STORAGE

2 - DEMAND
RESPONSE (DR)

3 - DISTRIBUTED
GENERATION
(DG)

10
11

Potential Projects10

Issues/Options

Michelson Water Treatment Plant
Recycled Storage:
 6 Pumps (3x500hp, 3x600hp)
 Potential to add daily on-site recycled
water storage could fill during peak hours
and discharge to seasonal storage off
peak.
 Potential: line and cover existing ponds
 Storage requirement 7 MGD (18MG)

 All Treatment Plants run 24/7; cannot do Demand
Response to reduce recycled water pumping to offchannel storage without on-site storage.
 Use of Existing Surface Reservoirs: Existing
reservoirs are located at relatively long distance
from the treatment plant.
 Flow Equalization balances sewage inflow into
plant to stabilize treatment process.

Syphon Reservoir:
Potential to increase seasonal recycled
water storage capacity from 500 AF to as
much as 5,000 AF.

 Currently, some sewage must be discharged to
Orange County Sanitation District (OCSD) or the
Green Acres Project; increasing storage at this point
would increase recycled water supply for peak
summer demand.11
 During winter, when recycled water production
exceeds demand, can fill up the seasonal reservoir
 About 8.8 million kWh would be needed to pump
water up into reservoir.
 Increased storage of recycled water would reduce
IRWD’s need to import water during the summer.
 An environmental impact assessment is required.

Battery Energy Storage

IRWD is currently developing 7,000 kW of battery
storage with Advanced Microgrid Systems and would
be interested in adding more, if financially feasible and
minimal operating risk.

Early Stage Development Opportunity:
Considering running a treatment plant with
more daily variability, but need to evaluate
the impact on treatment and economics.

 Biggest opportunities are at treatment plants.
 Certain treatment processes perform best when
operated continuously.

Optimize Development of DG for both OnSite Use and Export of Surplus Power:
 One Recycling Plant may be reconfigured,
decreasing its footprint, making about 12
acres potentially available for other
purposes such as power production.
 Some sites and reservoirs have solar PV
potential.
 Some potential sites for micro-hydro (e.g.,
turnouts from Colorado River Aqueduct
(CRA) via MWD, but economics are
challenging because the turnouts operate
only 4-5 months/year).
 Baker Water Treatment Plant may have
40-50 psi, operating 24/7; many partners
in that project but could look at bringing in
some additional power.

 On-site load will be minimal; would need the ability
to export surplus power without economic penalties.
 Michelson is another example where regulatory
rules constrain the ability to produce more power to
offset electric demand by other IRWD facilities.
 Micro-Hydro did not make the cut during 2009
master planning process:
o IRWD avoids big changes in pressure, therefore
not many opportunities in the distribution system.
o Can revisit economics in view of new federal
regulations and SCE rate increases.
o Water conveyance facilities such as the pipeline
to IRWD from the CRA/MWD facilities that
operate primarily during peak summer demand
periods may have more value for electric reliability
than can be currently recognized via existing
tariffs.
 Develop solar mounting system for steel
reservoirs.

Project economic evaluations will be revisited in context of recent and expected SCE rate increases.
Tanks only have capacity for one‐day storage (1MG to 5MG).
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Project Type

Potential Projects10

Issues/Options

4 - ENERGY
EFFICIENCY

 Groundwater wells may have several
hundred feet of drawdown and pump to
both lift groundwater and distribute flow to
system; low groundwater levels and
variable system demands may affect
efficiency.

 Construct a wet well that allows groundwater and
system distribution pumping to be isolated and
optimized.
 Available space at pumping stations.

5 - EMBEDDED
ENERGY

Save Energy by Saving Water:
 Reduce net energy requirements by
displacing high energy imported water with
local water supplies.
 Target water conservation and efficiency
in areas of IRWD’s system that have
highest energy intensity.

IRWD recently completed a detailed embedded energy
study of its entire service area to identify areas with
high potential to save energy. IRWD also plans to use
this study to advocate for energy incentives from coldwater savings.
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Table 2. Additional Preferred Energy Resources Opportunities to be Explored During WE Pilot Phase 2

OPPORTUNITIES

Reduce Peak Demand by
Increasing Operating
Flexibility
E.g., capabilities for RealTime Demand Response via
Flexible Power, both
Generation and Site Electric
Demand.

Use Emergency Standby
Generators to reduce risk
of power curtailments
IRWD has both natural gas
and diesel units available for
emergency operation.

BARRIERS

PRIMARY BARRIER IS COSTS: Both IRWD
and SCE have duties to their ratepayers to
invest funds “cost-effectively” (defined
differently for IRWD vs. SCE).
SECONDARY BARRIERS:
 Tariff Structures
 Regulatory Policies & Rules

Standby Charges: Disincentive to using
emergency generators for reliability support
(e.g., to avoid Stage 3 outages).
AQMD Regulations: Emissions controls
systems are often cost-prohibitive for internal
combustion (IC) engines (biogas and natural
gas).
Existing Regulatory Rules and Tariff
Structures Impair Net Economic Benefits:
Constraints on producing energy at one site
and using at another.

Increase Customer-Side
Distributed Generation
(DG): Biogas, In-Conduit
Hydro, Solar, others

Insufficient Incentives: Levels and
structures of existing incentives benefit
private developers that can use tax credits.
Incentives are needed that encourage public
sector development. (Current evaluations of
solar PV projects are showing 17-year
payback periods.)
Land: Land for solar development is not
always available.

Sub-Meter Aggregated
Sites

Increase Storage
Capacity:
Water, Wastewater,
Biogas

Aggregated Electric Consumption Inhibits
Optimization of Individual Systems and
Processes: Michelson Water Recycling
Plant (MWRP) has a single SCE electric
meter that includes electricity used at the
Water Recycling Plant, Operations Building,
Recycled Water Distribution Pumps and the
San Joaquin Marsh pump station.
Aggregation into one meter makes
optimization of distinct processes difficult.
Costs: Some plants need to run 24/7;
increased storage would increase DR
capabilities but economics are challenging
for some projects.
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POTENTIAL REMEDIES
 Potential enhanced incentives for projects
that provide local electric reliability
benefits for SCE ratepayers.
 Assess how long processes can be
deferred with/without additional storage.
 Explore additional sources of funding/cofunding (e.g., MWD water conservation
incentives paid for evaporative
condensers for supermarkets; SCE could
participate on the basis of energy
benefits).
 Develop/implement one or more costeffective pilot demonstration projects.
 Potential program that provides incentives
to use back-up generation to avoid Stage
3 power outages (but may require
generator upgrades, new technologies
and/or a policy change by the South
Coast Air Quality Management District).
Some sites that are well suited to DG do not
have sufficient site energy demand to use
the output. Potentially viable projects are
thus either downsized for economics, or are
not built at all.
 Even with Virtual Net Metering, the credit
value is discounted for power wheeled to
other sites (vs. full retail energy credit on
avoided energy consumption due to onsite power production).
 IRWD has some land for projects, but
often does not have enough on-site
electric load to be economic; need to be
able to export power offsite without
economic penalties.

 Provide sub-meters for distinct uses.

Provide incentives for development of water,
wastewater and biogas storage where
beneficial to electric reliability.
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OPPORTUNITIES

BARRIERS

Increases operational
flexibility and Demand
Response capabilities; e.g.,
local storage.

Regulatory Challenges: Need to make
space in recycled water reservoirs during
Fall/Winter for flood mitigation to mitigate
risks of spills).
Water Quality: Need ability to circulate water
through storage facilities to maintain water
quality.
Conflicting Regulations:
State water and wastewater regulations can
increase energy use (e.g., water quality rules
governing effluent discharge).

Reduce Load Growth

Save Energy by Saving
Water
E.g., Energy Incentives for
Avoided Energy Embedded
in Water.

Potential Joint Benefit
Projects
E.g., IRWD facilities and
local land holdings may
present opportunities for
shared energy facilities with
SCE.

Lack of Synchronization Between CPUC
Energy Programs and Water Agencies’
Project Development Timelines:
 CPUC programs were starting and
stopping at 2-3 year intervals – at odds
with water agencies’ CIP and funding
timelines.

Lack of a CPUC-Approved Methodology
for computing Energy Embedded in Water
Funding:
 Limited funding available from water
savings initiatives that save energy.

None identified as yet.
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POTENTIAL REMEDIES

 Forum with Policymakers/Regulators to
highlight conflicting policy goals.
 A current rulemaking is preparing to
implement longer-term rolling cycles (e.g.,
up to10 years) to avoid the start-stop
program timelines that thwarted many
non-widget projects (e.g., water sector
systems improvements that need a longer
time to design, fund and construct).
 CPUC is currently conducting workshops
with water and wastewater agencies to
better understand how energy programs
need to be designed to meet their
requirements.
 The CPUC’s Water-Energy Nexus
Rulemaking (OIR 13-12-011) adopted a
Water-Energy Calculator to compute
energy embedded in water for purposes of
CPUC jurisdictional energy efficiency
programs.
 Perform a demonstration project to verify
energy savings associated with water
savings measures.

N/A

Page 28

“Conventional” vs. “Non‐Conventional” Preferred Resource Projects
The scope of the WE Pilot encompasses both "Conventional" and "Non‐Conventional" projects:


Conventional Projects are preferred resources that can be cost‐effectively and
independently developed by IRWD under existing SCE customer energy programs.



Non‐Conventional Projects are preferred resources that are expected to provide important
electric reliability benefits to SCE's electric system and/or cost savings and operational
improvements to IRWD, but are unlikely to be developed independently by IRWD under
existing SCE customer energy programs.

The WE Pilot scope also includes consideration of promising new and emerging technologies
that appear to provide substantial opportunities for cost‐effective preferred energy resources.
New technologies will be addressed in the next phase of this WE Pilot (Phase 2).

CONVENTIONAL PROJECTS
All SCE customers, including IRWD, can develop
"Conventional" preferred resource projects under
SCE’s existing energy programs. What distinguishes
this partnership is the recognition that there are
likely significant opportunities for additional
preferred energy resources that may not be cost‐
effective or beneficial for IRWD to independently
develop under existing SCE customer energy
programs. Similarly, IRWD may desire to implement a
project that has significant water supply benefits, but
the project may not provide many electric reliability
benefits. SCE and IRWD have committed to work
together to identify and evaluate such "Non‐
Conventional" opportunities.


If SCE finds that potential electric system benefits
achievable through a "Non‐Conventional" project
are significant but may not be beneficial to IRWD,
SCE and IRWD will evaluate the flow of costs and
benefits to consider different development
approaches, transaction structures and/or
financing instruments that may provide sufficient
incentives to IRWD to develop the project.
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An example of the unique co‐
benefits anticipated from this
WE Pilot is the ability to consider
innovative transaction and
financing structures to improve
the financial benefits of
preferred energy resources that
might not be economic under
existing SCE customer energy
programs.
For Example: A proposed 250 kW
expansion of a solar PV project was
determined to be not economically
feasible during the Phase 1 WE Pilot
evaluation. During Phase 2, the
project opportunity will be revisited in
context of potential innovative “Non
Conventional” development and
financing options.
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Similarly, if IRWD identifies a project that can produce significant water reliability benefits
for its service area but that may not provide significant electric reliability benefits for SCE,
the parties will investigate whether there may be merit for SCE to provide co‐funding that
recognizes the electric system benefits that may accrue to its ratepayers.

Another distinguishing characteristic of this partnership is a commitment by the partners to
accelerate implementation of all "Conventional" cost‐effective preferred energy resources.
Over the past year, while developing IRWD's electric baseline, the parties reviewed all preferred
energy resource opportunities identified to‐date with the aim of expediting completion of
project evaluations and requesting authorization from IRWD to proceed with projects that were
deemed both technically feasible and economically viable. Fast‐tracked Conventional preferred
resources projects were categorized in two tiers:


Tier 1 Fast‐Tracked "Conventional" Preferred Resources Projects were approved by IRWD
for implementation, and were completed after the base year (2015) or are in the process of
being implemented.



Tier 2 Fast‐Tracked "Conventional" Preferred Resources Projects require additional
evaluation prior to requesting authorization from IRWD to proceed.

The eleven Tier 1 and Tier 2 “Conventional” preferred resource projects are listed below and
described in more detail in Appendix C.

Tier 1 Fast‐Tracked "Conventional" Preferred Resources Projects
Since the inception of the WE Pilot, six projects were fast‐tracked and have either already been
completed (projects #1 and #5 in Table 3 on the next page), or are in some phase of
implementation. All six of the Approved Conventional Preferred Resources Projects were
already in progress prior to execution of the WEI Pilot in January 2015. The role of the WE Pilot,
with respect to these projects, was to enable implementing the projects as quickly as possible.
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Table 3. Conventional Preferred Resources Projects Approved for Implementation
Facility
Code

Project
Name

Project
Type

kWh
Savings

kW Peak
Demand
Reduction

GHG
Emissions
(MTCO2e)

Year
Completed

SCE
Incentives

1

MWRP

Michelson
Water
Recycling
Plant Phase 2
Expansion

DSM

5,147,234

587.7

1,184

2016

$500,000

2

MWRP

Michelson
Biosolids
Microturbines

DG

7,683,300

1,000

1,767

2017

$2,172,000

3

MWRP

Michelson
Biosolids
Facility

DSM

3,211,334

390

739

2017

$328,000

4

MWRP

GE LEAP
Retrofit for
MBR

DSM

663,035

125

153

2017

$ 112,028

5

MWRP

Michelson
Aeration
Blower
Overhaul
(post
installation)

DSM

324,232

38

75

2016

$50,697

6

BWTP

Baker Water
Treatment
Plant

DSM

3,393,060

558

780

2017

$320,644

20,422,185

2,698.7

4,698

2016‐17

$3,483,369

Project
Number

Subtotals

The above six projects collectively represent more than 20 million kWh of annual energy
savings, a reduction of about 2,700 kW in peak electric demand, and reduced greenhouse gas
emissions totaling nearly 4,700 MTCO2e. Note that IRWD’s plan to install 7,000 kW of batteries
is not shown in Table 3 until the project with AMS is better defined (see below and Appendix D
for more on this topic).
Of these six projects, five are "Demand Side Management" (DSM) projects (i.e., projects that
reduce energy consumption and electric demand) and one is Distributed Generation (DG). The
following are noted:


Three DSM projects (1 ‐ Michelson Water Recycling Plant Phase 2, 3 ‐ Michelson Biosolids
Facility, and 6 ‐ Baker Water Treatment Plant) were identified through SCE's Savings by
Design (SBD) program that provides technical assistance to customers during the design
stage of planned new or retrofit facilities. The goal of SBD is to assure that best‐in‐class
energy efficient design and technology options have been considered during the design
stage. These three SBD projects reduced IRWD's annual electric requirements for these new
facilities by 11,751,628 kWh and 1,536 kW.
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Two DSM projects (4 ‐ GE LEAP Retrofit for MBR and 5 ‐ Michelson Aeration Blower
Overhaul) were efficiency retrofits at MWRP. Annual electric savings from these two
facilities totaled 987,267 kWh and 163 kW.



One DG project (2 ‐ Michelson Biosolids Microturbines) will produce on‐site electricity from
biogas using advanced microturbines. Based on the amount of expected biogas production,
5 x 200 kW micro‐turbines are currently planned, with room to add 2 x 200 kW micro‐
turbines later.

The annual energy savings from these six projects alone is expected to reduce IRWD's annual
electric costs by $2.42 million (see Appendix C Conventional Preferred Resources Projects for
more information about these projects and their estimated energy cost savings and greenhouse
gas emissions reductions). In addition to providing technical assistance, SCE provided
$3.48 million in financial incentives towards the cost of these projects.
Battery Energy Storage
One additional type of preferred resource included in Tier 1 but not shown in Table 3 is battery
energy storage. This project is being developed through a partnership between IRWD and
Advanced Microgrid Solutions (AMS), an energy development company that was awarded a
contract by SCE in 2016 to provide battery energy storage support. Through the IRWD‐AMS
partnership, batteries will be installed at 11 IRWD sites. There are two different types of battery
energy storage projects:


Demand Response Energy Storage (DRES). Six batteries totaling 5,500 kilowatts with a total
storage capacity of 31,200 kWh are being installed by AMS for providing electric reliability
support to SCE under a long‐term (10‐year) contract. These batteries must be available for
dispatch by SCE when needed to support local electric reliability and are thus subject to SCE
and AMS' operational control.



Non‐DRES. Five batteries totaling 1,500 kilowatts and a total storage capacity of 3,000 kWh
are being installed to help IRWD reduce its peak electric demand and to reduce purchases
of expensive on‐peak electricity.

In return for allowing AMS to use IRWD’s sites to provide electric reliability services to SCE, the
agreement between IRWD and AMS provides a minimum annual revenue stream over the
10‐year term of the project (2017‐2026). The agreement also provides for sharing economic
benefits earned above the annual revenue guarantee. Additional information about these
Battery Energy Storage Projects is provided in Appendix D.
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Tier 2 Fast‐Tracked "Conventional" Preferred Resources Projects
An additional five preferred resource projects have been identified but not yet approved by
IRWD for implementation. All five of these projects are believed to be both technically and
economically viable; however, additional analyses are needed to develop the proposed
projects’ sizes, designs and development approaches. If, after the additional work is completed,
IRWD determines that these projects are technically and economically viable, they will be
considered for approval and implementation. If they are found to be not economically viable,
technically feasible, or otherwise not developable under existing SCE customer energy
programs, these projects will be added to the portfolio of opportunities that will be
reconsidered during WE Pilot Phase 2 in the context of non‐conventional development and
financing approaches.
Table 4. Conventional Preferred Resources Project Opportunities Design/Evaluation Stage
Project
Number

Facility
Code

Project Name

Project
Type

kWh
Savings

kW Peak
Demand
Reduction

GHG
Emissions
(MTCO2e)

Year
Completed

7

BWTP

Baker Solar PV

DG

3,162,471

2,000

727

2017

8

MWRP

EE Lighting
Retrofits

DSM

710,844

167.9

163

2017

9

Sand
Canyon
HQ

EE Lighting/
HVAC/Controls
Retrofits

DSM

207,961

45.2

48

2017

10

LAWRP

EE Lighting
Retrofits

DSM

36,294

8

2017

11

MWRP

MWRP Solar
PV

DG

1,813,677

1,147

417

2018

5,931,247

3,370.1

1,363

2017‐18

Subtotals

10.0

SCE
Incentives

TBD

TBD

Two of the above Tier 2 projects are distributed generation (solar photovoltaic) projects and
three are energy efficiency lighting and/or HVAC and Controls retrofits. As shown in Table 4,
total estimated annual energy savings are approximately 6 million kWh and 3,400 kW, with
related reductions of 1,400 MTCO2e in GHG emissions.
Since these projects are still in the development stage, the project configurations are not yet
finalized, nor have any applications been made for SCE incentives. SCE has, however, provided
technical assistance, and conducted audits that led to the recommended lighting, HVAC and
controls retrofits (projects # 9, 10 and 11 above).
Additional information about both Tier 1 and Tier 2 "Conventional" preferred resources
projects is provided in Appendix C, Conventional Preferred Resources Projects.
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Ongoing Identification, Evaluation and Fast‐Tracking of Conventional Preferred
Resources
Identification of cost‐effective “Conventional” Preferred Resources is an on‐going activity jointly
conducted by SCE and IRWD. The estimated net electric impacts of these and other preferred
resource projects that can be cost‐effectively fast‐tracked for development by IRWD under
existing SCE energy programs will be updated, as additional projects are identified and selected
for development by IRWD.

WE PILOT PHASE 2 “NON‐CONVENTIONAL” PROJECTS
Non‐Conventional projects are those that are believed capable of providing electric reliability
benefits to SCE's distribution system (and possibly to the portion of the statewide electric grid
that is managed by the California Independent System Operator (CAISO)), but that are unlikely
to be either cost‐effectively or independently developed by IRWD under existing SCE customer
energy programs. The potential scope of non‐conventional preferred energy resource projects
is very broad, and includes:


Traditional preferred energy resources projects ‐ energy efficiency, demand response,
distributed generation, energy storage ‐ collectively referred to as Integrated Demand Side
Management (IDSM) and/or Integrated Distributed Energy Resources (IDER)) that require
non‐conventional development and/or financing approaches;



New, expanded or retrofit water, wastewater, biosolids and/or other IRWD systems and
facilities that provide opportunities for re‐designing or re‐operating IRWD's systems and
facilities in a manner that could provide incremental electric reliability benefits to SCE's
distribution system without negatively impacting IRWD’s operations; and



New/emerging technologies. For purposes of the WE Pilot, the scope of "new/emerging"
technologies is relatively broad, encompassing hardware, software, innovative design or
operations strategies, new processes and protocols, and new business models.

The primary distinguishing feature of non‐conventional preferred resources projects is just that:
they are "non‐conventional" and have aspects that vary from SCE’s existing customer energy
programs. Identification and evaluation of non‐conventional preferred resources projects is at
the heart of Phase 2 of the WE Pilot Partnership.
Key to identifying and evaluating potential electric reliability projects is a strong understanding
of IRWD’s systems and facilities:
•

The design capacity and operating characteristics and constraints of each major facility and
system, and within each group of facilities and systems;
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•

Factors that constrain the operation of facilities that could otherwise be schedulable, such
as regulatory permits and rules, contractual terms and conditions, water quality and
interagency agreements; and

• The relationship of groups of facilities to each other.
During the WE Pilot Phase 1 Baseline Assessment, IRWD and SCE commenced documenting the
design and operating characteristics of each major IRWD facility group. That summary is
provided in Appendix A ‐ Major IRWD Systems and Facilities.
While identifying and evaluating conventional opportunities during Phase 1, some
nonconventional opportunities were also identified. Since these require additional evaluation,
they will be addressed during Phase 2.
Below are two major types of non‐conventional projects that were identified during Phase 1
that will be more fully explored during Phase 2:


Permanent Load Shifting (PLS), and



Distributed Generation (DG).

Permanent Load Shifting (PLS)
Any type of water or wastewater storage has the potential to increase flexibility in scheduling
water and wastewater operations, thereby enabling shifting the time of electric use to periods
when ample electric supplies are available. Examples include:


Adding tanks to water distribution systems that enable filling tanks at night and using
gravity during the day to meet water demand.



Adding tanks, ponds or reservoirs to water and wastewater treatment systems that enable
deferring treatment to periods of lower electric demand (and typically, lower electric costs).



Adding tanks, ponds or reservoirs to water and wastewater treatment systems that enable
these supplies to be delivered to storage during periods of lower electric demand (and
lower electric costs).

During Phase 1, IRWD staff identified two potential PLS projects that will be evaluated during
Phase 2:


Michelson Recycled Water Storage. MWRP uses 3 x 500 hp and 3 x 600 hp motors to pump
recycled water from MWRP to users and to off‐site storage. These pumps run 24/7. A new
on‐site daily storage system located at MWRP could enable load shifting and demand
response (DR) opportunities.



Syphon Reservoir Expansion. IRWD is considering increasing recycled water storage capacity
at Syphon Reservoir from 500 AF to 5,000 AF. Some recycled water is not produced during
fall and winter months due to low recycled water demand and insufficient recycled water
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storage capacity. Currently, this flow is exported to the Orange County Sanitation District
(OCSD) or the Green Acres Project. During winter, when recycled water production exceeds
demand, the seasonal reservoir could be filled and reduce IRWD's need to import water
during the summer.
Although PLS projects can create an important preferred energy resource (Demand Response),
the quantity of resources produced vary significantly based on the actual operations of
appurtenant facilities. Such projects therefore require detailed evaluations about how
additional storage capacity at a specific site is likely to affect electric use by other facilities.
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A Potential Opportunity for Permanent Load Shifting
IRWD is exploring a substantial expansion of Syphon Reservoir to increase IRWD's
ability to store recycled water during winter and spring months when water demand is
low. In addition, it reduces the cost of sending recycled water to the Green Acres
Project or sending wastewater to the Orange County Sanitation District (OCSD). Finally,
increased recycled water storage enables decreasing the use of imported water during
summer months when recycled water supplies are being used and water demand is
very high.
If recycled water supply were the only objective, a cost‐benefit evaluation would be
conducted based on the value of the incremental water supplies produced vs. the cost
of the expansion. However, a Syphon Reservoir Expansion may also produce electric
system benefits by enabling Permanent Load Shifting (PLS), a type of Demand
Response (a preferred energy resource).
Meeting more high summer water demand with recycled water may enable reducing
or deferring pumping of non‐potable water supplies during periods of high electric
demand. Estimating the potential electric system benefits of this or any other type of
storage expansion requires modeling IRWD's operations with the additional storage
capacity to understand which facilities would be operated differently, how and when
they would be operated, and the net electric system impacts of those changed
operations at various points in SCE’s electric distribution system under multiple
operating scenarios. Reductions in electric use during some times of the year will need
to be examined in context of increased electric requirements – both due to increased
recycled water production and pumping the recycled water uphill, into the reservoir –
during other periods.
Once the electric system impacts are identified and quantified by time of year
(month/season), by time of day, and by location on SCE’s system, the potential types
and quantities of preferred energy resources can be estimated, and the value of these
proposed preferred energy resources can be evaluated in the context of net benefits
to SCE's electric distribution system at each point of expected impact (i.e., at the level
of the affected electric distribution circuits and feeders). This analysis will consider the
net economic benefits that would accrue to IRWD vs. SCE ratepayers, and the net
electric reliability benefits that would accrue to all electric customers and
stakeholders.
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DISTRIBUTED GENERATION
There are many different types of distributed generation resources, technologies, development
approaches, and business models. During Phase 2, SCE will assist IRWD in inventorying the
options that it may wish to consider, and will assist in evaluating the relative costs and benefits
of these options.

Example: Use of Emergency Generators
Like most water and wastewater utilities, IRWD has emergency back‐up generators at every site
where critical water and wastewater operations are being performed. Most of these back‐up
generators use diesel fuel and are permitted to operate only a limited number of hours per year
(for periodic testing and during emergencies). IRWD also has 2 x 1,200 kW natural gas engines
for emergency power at MWRP.
The primary constraint on the operation of emergency generators is air emissions regulations.
Both SCE and IRWD are interested in exploring new technologies that could significantly reduce
criteria air pollutants from operation of internal combustion engines.
•

From IRWD's perspective, emergency generators could produce power during high‐cost
periods and reduce energy costs.

•

From SCE's perspective, increasing dispatchable generation capacity at the distribution level
would enhance local electric reliability.

Potential emerging technologies could enable using IRWD and other water and wastewater
agencies' emergency backup generators to provide local electric reliability support:
• New Emissions Control Technologies could enable operating fossil fuel internal combustion
engines in compliance with regional air quality regulations.
•

Research continues on advanced fuels that produce zero to low emissions.

Exploring the viability of new and emerging zero‐ or near‐zero emissions electric generation
technologies—such as fuel cells—is also within the scope of the WE Pilot project.
A description of the types of distributed generation projects that will be considered during WE
Pilot Phase 2 follows on the next page.
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Types of Distributed Generation
There are many different types of distributed generation opportunities, including:


In-Front or Behind the Meter



Fossil vs. Renewable Fuels



Combustion vs. Non-Combustion Technologies



Single vs. Multiple Sites

In-Front or Behind the Meter is a way of differentiating between distributed generation
resources that are produced primarily to offset a customer's electric purchases from its
utility service provider, or to provide energy to the utility, the CAISO and/or to other
parties. Many complex market protocols and rules govern distributed generation
transactions in front of the meter since these are generally wholesale market transactions.
Transactions behind the meter (i.e., with end use customers) are governed by CPUC
regulatory policies and rules that are administered by SCE and the other regulated electric
utilities.
Fossil vs. Renewable Fuels. Clearly, California policy favors zero-to-low-carbon fuels
such as renewables. However, as CAISO studies have shown, existing technologies are
not yet capable of effectively integrating large quantities of intermittent renewable
resources such as wind and solar. Battery energy storage promises to help mitigate some
of the voltage volatility created by hundreds of megawatts of intermittent renewable
electric resources ramping up and down on a real-time basis. However, until electric grid
management technologies advance to a point where all intermittent resources can be
effectively integrated into the State's electric portfolio without degrading delivery reliability,
other types of "dispatchable" resources will be needed.
Combustion vs. Non-Combustion Technologies. The South Coast Air Quality
Management District (SCAQMD) in which IRWD resides favors zero emissions fuel cells.
Substantial research is continuing into improving the economics of fuel cells relative to
internal combustion engines.
Single vs. Multiple Sites. California customers are very knowledgeable about the Net
Energy Metering (NEM) rules that enable customers to install solar photovoltaics (PV) on
their systems and produce power without concern for matching the time of production with
their actual time of use. Large industrial customers with multiple facilities also have
opportunities to access these and other types of customer energy programs, such as the
Renewable Energy Self-Generation Bill Credit Transfer (RES-BCT) program that allows
customers to generate excess electricity at one site and deliver it for use at two or more
other sites. Each of these options has costs and benefits related to how they value energy
used at the site of production vs. at other sites.
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NEW/EMERGING TECHNOLOGIES
The scope of the WE Pilot also includes identification, evaluation and potential adoption of
new/emerging technologies that appear to have the potential to produce significant quantities
of cost‐effective preferred energy resources.
For purposes of the WE Pilot, new/emerging technologies include modifications to water,
wastewater and/or biosolids processing and management that may produce benefits to both
SCE and IRWD.
One emerging technology that is a very high priority for SCE and the State of California overall is
battery energy storage. IRWD is already installing batteries at 11 sites through its partnership
with AMS. During Phase 2, the partners will identify other potential sites and opportunities for
providing electric reliability support through batteries and other types of energy storage (e.g.,
including pumped storage and both potable and recycled water tanks and reservoirs).
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IV IRWD’S 20 YEAR ELECTRIC FORECAST
From the perspective of IRWD and its ratepayers, the primary benefit of preferred energy
resources is the ability to reduce the current and future costs of electric services.

IRWD’S FUTURE ELECTRIC REQUIREMENTS
IRWD’s electric requirements are on a trajectory to double within 10 years. This rapid growth in
electric requirements is the result of population growth and IRWD’s adopted policies that
expand existing facilities and construct new facilities in order to minimize expenses and
maximize customer benefits.
Table 5 lists the primary system expansions that are expected over the next 20‐yearsand their
estimated electric requirements, costs and greenhouse gas (GHG) emissions. Table 5 also shows
base year (2015) electric requirements, costs and GHG emissions. Key estimates used in this
forecast include:


Current (2015) and future (2016‐2035) electricity use, demand, cost and GHG emissions
that occurred outside IRWD’s service area to provide imported water or to treat exported
biosolids are not included.



Future estimates for MWRP Phase 2, Baker WTP and the MWRP Biosolids do not include the
reductions associated with implementing the projects listed in Tables 3 and 4.



Future estimates for Baker WTP represent the entire facility (43.5 cfs), not just IRWD’s
portion (10.5 cfs).



Future groundwater use assumes recycled water is not excluded from IRWD’s total water
demand from the Orange County Aquifer. In addition, no additional IRWD lands will be
annexed into OCWD’s service area.



The future impact of IRWD’s plan to install 7,000 kW of batteries with AMS is not shown
because the project is still being developed.



Future costs were estimated using IRWD’s average 2015 billing rate (12 cents per kWh) with
an annual escalation of 2% per year.



Greenhouse gas emissions were estimated using SCE’s 2015 greenhouse gas conversion
factor of 0.23 MTCO2e/MWh (see Appendix F).
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Table 5. Future Planned IRWD Facilities
In-Service

Future Forecast (Year 2035)

Year

Initial
Capacity

Capacity
in 2035

Annual
Energy
(kWh)

Annual
Demand
(kW)

Annual
Electric
Costs
($2015)

GHG
Emissions
(MTCO2e)

MWRP Ph.2

2016

18 MGD

28 MGD

20,771,476

2,927

$3,703,838

4,777

MWRP Ph.3

2025

28 MGD

33 MGD

12,959,355

1,826

$2,310,830

2,981

Baker Treatment Plant

2017

28.1 MGD

28.1 MGD

18,713,187

3,095

$3,336,817

4,304

MWRP Biosolids Project

2018

24.2 MGD

33.0 MGD

37,193,345

5,587

$6,632,082

8,554

Misc. Future Groundwater Wells

2017

9.9 MGD

9.9 MGD

20,022,592

4,571

$3,570,302

4,605

Peters Canyon Diversion

2017

n/a

n/a

205,841

29

$24,696

47

Syphon Reservoir

2035

n/a

n/a

Facility
Name

8,750,000

1,998

$ 1,596,942

2,013

Impact of System Additions on Annual Electric Requirements (CY2035)

118,615,755

20,033

$21,150,811

27,281

ADD: Baseline CY2015 Electric Requirements
(Costs Adjusted for CY2035 Rates)

109,394,190

28,048

$18,694,657

25,161

228,009,945

48,081

$39,845,468

52,442

Total CY2035 Electric Requirements, Costs and GHG Emissions

Using the above estimates, IRWD’s electric requirements and costs were projected over the
20 year forecast period (2016‐2015). Figure 1 below shows the projected growth in IRWD’s
electric requirements over the 20‐year forecast period. Figure 2 on the next page shows IRWD’s
projected electric costs, assuming a conservative increase of 2% per year.

Figure 1. IRWD’s Projected Electric Requirements (2016‐2035)
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Figure 2. IRWD’s Projected Electric Costs (2016‐2035)
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THE IMPACT OF PREFERRED ENERGY RESOURCES
Tables 3 and 4 in Chapter III of this report list the Tier 1 and Tier 2 Preferred Resource Projects
that were included in IRWD’s 20‐year electric forecast. Figure 3 below shows the impact of
electric savings from these preferred resource projects on IRWD’s net projected electric
requirements and costs.

Figure 3. IRWD’s Projected Electric Requirements Net of Preferred Resources (2016‐2035)

The above figure shows that without preferred energy resources, IRWD would have needed to
purchase and/or produce twice as much energy as it purchased in 2015. However, with
preferred energy resources, IRWD will reduce the amount of electric energy needed to support
its water, wastewater and biosolids operations by 455 million kWh over the 20‐year forecast
period. The value of these energy savings is estimated at $71 million over the 20‐year forecast
period. In addition, IRWD will reduce the energy‐related GHG emissions impact of its operations
by 104,566 MTCO2e of the 20‐year forecast period.
Detailed documentation of the bases for these projections is provided in Appendix G Future
Forecast of IRWD’s Electrical Use, Demand, Cost and GHG Emissions.
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V NEXT STEPS: WATER ENERGY PILOT PHASE 2
During Phase 2, the partners will commence several activities structured to establish a
methodical framework and process for identifying and evaluating a wide variety of potential
non‐conventional opportunities. Phase 2 activities include:


Mapping relationships among IRWD's systems and facilities to enable modeling the electric
impacts of infrastructure and/or operational changes to any part of the system. (If deemed
feasible, this process will be conducted with the assistance of IRWD's hydraulic model.)



Developing one or more analytical frameworks and tools that facilitate the identification
and evaluation of non‐conventional preferred energy resource opportunities.
o Develop and agree upon assumptions for key variables that will be used to ascribe
values of the water and energy resources produced to IRWD vs. SCE.
o Develop scoring criteria that will be used to prioritize opportunities.



Systematic identification and evaluation of preferred energy resource opportunities (i.e., by
stepping through each portion of IRWD's system, from point of receipt of water resources,
through treatment, delivery to water customers, collection and treatment of wastewater
and biosolids, and delivery of recycled water).
o Cost‐effective opportunities that can be independently developed by IRWD under
existing SCE customer energy programs will continue to be jointly evaluated and fast‐
tracked as "conventional" projects.
o Opportunities that are deemed not cost‐effective during initial screening will be added
to the portfolio of non‐conventional opportunities for further evaluation.

In addition to exploring non‐conventional development and financing approaches to increase
the net benefits of preferred resource opportunities, the partners will identify and evaluate
potential changes to IRWD’s facilities, systems and operations that may produce preferred
energy resources. The partners will also consider the potential role of new and emerging
technologies, including but not limited to:


Zero‐to‐Low Emissions Distributed Generation using advanced fuels, new emissions
controls technologies and/or new electric production technologies



Battery Energy Storage opportunities other than those currently being pursued with AMS



Permanent Load Shifting and Enhanced Demand Response Capabilities through increased
water storage (tanks and reservoirs, both potable and recycled water)



New Water or Wastewater Treatment Technologies that can significantly reduce electric
use
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The parties will also explore whole system optimization strategies for reducing IRWD’s real‐time
electric system impacts on critical portions of SCE’s distribution system. Such strategies could
include evaluating the electric system impacts by producing electricity at one IRWD facility and
“wheeling” it for use at another. 12,13
The portfolio of potential “Non‐Conventional” opportunities developed during WE Pilot Phase 2
will be evaluated and ranked in terms of feasibility (technical, economic, regulatory and
environmental) and relative “bang‐for‐the‐buck” (ratio of Benefits‐to‐Costs). The partners will
develop and apply weighted factors to determine which projects are deemed the highest
priority for development during WE Pilot Phase 3 Implementation.

Figure 4. Conceptual Ranking of Non‐Conventional Preferred Resources Projects

In the above example, the size of the bubbles represents the relative investment per
project in $/kWh or $/kW of expected electric benefit. The boundaries for high and
medium priority projects, along with the key factors to be used in scoring project
opportunities and their relative weights, will be determined by the partners.

12

“Wheeling” is a term used to describe using an electric service provider’s electric system infrastructure to deliver
electricity.
13
Some existing customer energy programs such as “Net Energy Metering” (NEM) and Renewable Energy Self‐
Generation Bill Credit Transfer (RES‐BCT) enable these types of strategies to a limited extent. However, these
customer programs were developed primarily to help advance state policies encouraging development of
customer‐side renewable energy. These programs do not consider the real‐time electric system impacts of these
strategies that is a key objective of the SCE‐IRWD WE Pilot. WE Pilot Phase 2 will thus focus on identifying
strategies for increasing production of incremental distributed generation at IRWD’s facilities in a manner that
maximizes electric reliability benefits.
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The primary deliverable from Phase 2 will be a conceptual design, a fatal flaw analysis, and
ranked portfolio of non‐conventional preferred energy resource opportunities for the partners
to consider. Projects selected for joint development will be considered for additional study
and/or implementation during a subsequent phase (WE Pilot Phase 3).

EXAMPLE: A Non‐Conventional Preferred Resources Opportunity
The Dyer Road Well Field (DRWF) is comprised of 16 groundwater wells (does not include two
wells associated with the Deep Aquifer System) and pumps ranging in size from 300 to 600
horsepower. The combined installed pumping capacity at this well field is 6,700 horsepower
(approximately 5,000 kW).
DRWF pumps groundwater to directly serve potable water demand and storage. These pumps
operate according to pressure: i.e., they pump water as needed to meet real‐time fluctuations
in diurnal water demand within IRWD’s system and to assure that sufficient water is available
for fire and other emergencies. Thirteen of the 16 Dyer Road wells typically pump 12 hours
per day; the other three pumps operate 24/7 for water quality purposes.
The DRWF facility presents several types of potential preferred resource opportunities:


Some of the pumps could reduce peak electric use if the operations of the pumps were
scheduled differently and/or combined with battery energy storage.
For Example: IRWD Operations Management indicated that it might be possible to
change the pumping schedule if the system was reconfigured to deliver water to an
additional pressure zone.



Flexible scheduling of 13 pumps could also enable IRWD to participate in one or more
Automated Demand Response (ADR) programs. When combined with battery energy
storage or potentially other system modifications, there may be opportunities for
reducing peak electric demand.



Flexible scheduling of 13 pumps also provides opportunities to schedule pumping when
beneficial to mitigating “over‐generation” that is expected when high quantities of solar
and wind energy production coincide.



Construction of a wet well might allow the pumps used to extract groundwater to be
separated from and optimized independent of IRWD’s system delivery pressures.

The incremental capital and operation costs needed to make these types of changes will be
evaluated during WE Pilot Phase 2 in context of the incremental electric reliability benefits
that could be achieved for SCE, IRWD and other SCE electric ratepayers.
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APPENDIX A

Major IRWD Systems and Facilities
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Introduction
This Appendix provides a summary of the following seven (7) interviews among IRWD, SCE,
Water Energy Innovations (WEI), and RMS Energy Consulting (RMS) that occurred as part of the
SCE‐IRWD Preferred Resource Program in May 2017.
1. Irvine Ranch Water District Building Operations
2. Michelson Water Recycling Plant (MWRP)
3. Los Alisos Water Recycling Plant (LAWRP)
4. Baker Water Treatment Plant (BWTP)
5. Potable and Non‐Potable Water Pumping Systems
6. San Joaquin Marsh (SJM)
7. Irvine Ranch Water District Hydraulic Model
The objective of the interviews was to gain a better understanding of IRWD's major systems
required to 1) efficiently execute the project, 2) identify key reports that describe the system
operation, 3) solicit operator input on potential projects, and 4) begin to identify projects that
may be evaluated under Phase 2 of the SCE‐IRWD Water‐Energy Pilot. The following sections
provide a summary of each interview that included the following topics:


A brief summary of what the facilities do (e.g. Dyer Road produces groundwater for use and
for storage).



How the facility uses electric energy on the average (e.g. during the summer, many wells
operate from 6:00 PM to 12:00 Noon to save peak energy rates).



The processes, events or conditions may drive the facilities’ peak electric demand (e.g.
startup, facility cleaning, etc.).



The facilities’ major constraints with regard to energy use (e.g., filters operate best at a
continuous flow).



Constraints or conditions that could enable the facilities’ current operations to be more
energy efficient or flexible (e.g. with additional storage, the facility would not have to
operate during summer on‐peak periods).



Any projects, processes or technologies that IRWD and SCE should consider that may save
energy and/or provide grid reliability (new processes, more processes that are efficient,
solar etc.).

SCE‐IRWD WATER‐ENERGY PILOT, PHASE 1 REPORT
Final Report March 14, 2017 – Appendix A

Page A‐2

1. Irvine Ranch Water District ‐ Building Operations

IRWD Operations Building

Overview
The Irvine Ranch Water District (IRWD) has two major buildings (Sand Canyon Headquarters
(HQ) and Michelson Operations) and nearly 200 other facilities maintained by five in‐house
staff. This staff is assisted by out‐sourced technicians via a maintenance contract for all lighting
& HVAC systems. The maintenance staff visits every site at least once during a 60‐90 day cycle
and performs monthly preventative maintenance at the Sand Canyon Headquarters (HQ) and
Michelson Operations locations.

General
IRWD currently utilizes a Johnson Controls Metasys (5.0) building automation system (BAS) and
is looking to upgrade to a ~6.0 system or possibly switch to a Pelican system, either of which
will control the Operations, Headquarters and Baker Water Treatment Plant facilities. The
existing system only controls the HVAC systems, but lighting and security add‐ons are possible
with the planned upgrade. Energy information is likely available through the BAS, but is not
currently gathered or used for any purpose. While IRWD does have some occupancy sensors,
most are no longer functional and plug loads not monitored at any of its facilities.
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Description of Key Facilities
1. Michelson Operations Facility
IRWD’s Operations Facility is a large campus located at 3512 Michelson Drive, in Irvine. The
campus includes wastewater treatment, water recycling operations and the operations
buildings. The main operations buildings located at the Michelson facility are buildings 50 &
60 which total 39,000 square feet (see picture of main entrance above).
Key Facts


(1) 150‐ton screw drive Trane chiller — ~3‐4 years old



(1) Thermal Energy Storage (TES) system making ice at night year round — ~6 years old



(4) EV charging stations

2. Sand Canyon Headquarters
IRWD’s Headquarters building is located at 15600 Sand Canyon Avenue, in Irvine (see
picture below). It houses the majority of IRWD’s administrative staff and is also the main
facility used by IRWD to interface with its customers.
Key Facts


53,000 total square feet



(1) 150‐ton screw drive Trane chillers — ~9 years old



(1) Thermal Energy Storage (TES) system making ice at night year round — ~7 years old



100kW rooftop solar PV array



(5) EV charging stations

IRWD Headquarters Building
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3. Baker Water Treatment Plant (BWTP)
This facility is a new construction project scheduled to be completed 2016. As it exceeds
California building standards regarding energy efficiency, it enrolled in a SCE Savings By
Design (SBD), an energy utility program that offers incentives for efficient design. BWTP
only has a small office with HVAC package units as it is mostly water treatment facility. The
water treatment process operations of this facility are described below in the BWTP
Interview.
4. Los Alisos Water Reclamation Plant (LAWRP)
From a building operations standpoint, LAWRP is quite simple and does not generate many
service orders with operators calling when maintenance is needed. Similar to BWTP,
LAWRP is primarily a wastewater treatment facility with only a small office utilizing three
package units for HVAC needs. The wastewater treatment process operations of this facility
are described below in the LAWRP interview.

Considerations and Opportunities
1. BAS upgrade for the IRWD Operations, Headquarters and Baker Water Treatment Plant
facilities.
2. Lighting and HVAC upgrades at the Headquarters building.
3. Lighting upgrades at the Operations facility.

Additional References
1. “IRWD Energy and Greenhouse Gas Master Plan”, July 24, 2012
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2. Michelson Water Recycling Plant (MWRP)

Figure A‐1. Michelson Water Recycling Plant (MWRP) Overview

Overview
In 1967, IRWD's Michelson Water Recycling Plant (MWRP) began delivering approximately two
million gallons per day (MGD) of tertiary‐treated recycled water to agricultural users. Over the
years, IRWD's water recycling program grew from this limited use to a nationally‐recognized
program that provides recycled water for a variety of other non‐drinking water uses. IRWD
service area continues to grow and the recycled water system must grow along with it. By
2008, MWRP's capacity had grown to 18 MGD. A second plant expansion that increased the
MWRP by an additional 10 MGD was completed in October 2016. A third plant expansion is
expected to be completed in 2025 to meet projected a recycled water demand of 33 MGD.
A new biosolids and energy recovery facility currently under construction is expected to be
completed during the latter half of 2017. This facility will process sewage sludge, producing two
valuable resources: Class A biosolids pellets that can be sold as fertilizer and biogas that will be
used to produce renewable electricity that will reduce the energy intensity and costs of IRWD's
recycled water.
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MWRP is comprised of multiple systems. The technologies employed and the manner in which
the systems are operated determine the time and magnitude of the facility's electric
requirements. The systems and their operations are described below and on the following
pages. For ease of reference, the systems and the narrative describing their operations have
been numbered to correspond with the labeled site diagram in Figure 2.
Key Facts


Current tertiary treatment capacity is 28 MGD. It currently (treats about 19‐20 MGD



MWRP has two wastewater treatment processes; an 18 MGD Conventional Activated
Sludge (CAS) process and a 10 MGD Membrane Bioreactor (MBR) processes.



The CAS process takes about 16 hrs. to complete while the MBR takes around 6‐8 hrs.



MWRP experiences diurnal flows with peaks occurring in the morning (8am‐12pm) and
evening (5‐8pm)



The majority of the influent is residential wastewater



In 2015 MWRP produced around 19 million gallons (MG) of recycled water which is
approximately 26% of IRWD’s total 2015 water demand

Description of Operations
The below site diagram (Figure 2) has been numbered to depict the flow of wastewater from
the point of receipt [#1‐2 Headworks] throughout the plant, until the wastewater has been
treated to tertiary standards and is ready for delivery to approved non‐potable uses via the
Recycled Water Pump Station [#15]. A description of the processes follows.
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Figure A‐2. MWRP Site Map1
1. Influent Sewers


A 52” and 48” trunk line enter the plant from the north and south respectively.



There is, on average, a 75/25 influent flow split (75% of the flow comes from the north
and 25% of the flow comes from the south pipeline).

2. Headworks
During this stage, large solids and grit are removed.

1



Coarse screens are rated for 31 MGD, but as stated previously, the current flow is
approximately 19 MGD.



Grit pumps are fitted with a 3/8” perforated plate. Effluent is dumped into a sluice
channel.



Two washer/compactors wash, compact and discharge large solids into dumpsters.

Figure 2 numbering is used for the description of operations and is not consistent with Figure 1 numbering.

SCE‐IRWD WATER‐ENERGY PILOT, PHASE 1 REPORT
Final Report March 14, 2017 – Appendix A

Page A‐8

3. Primary Sedimentation Tanks2 (or Primary “Clarifiers”)
There are nine primary sedimentation tanks:


Tanks 1‐5 are original to the plant;



Tanks 6‐9 were added during the Phase 2 expansion.



Flow leaves in opposite directions and meet up at the Primary Effluent Pumping Station
(PEPS).

4. Primary Effluent Pumping Station (PEPS)3
At PEPs, flow divides into the two treatment processes within MWRP: CAS and MBR capable
of approximately 18 and 10 MGD respectively (for MBR process, see #’s 13 & 14).


Effluent is sent to the Flow Equalization Basins (FEBs) during periods of high flow to
supplement the CAS plant's low flow periods.



PEPS typically utilizes two of its three 40 hp pumps to move wastewater to one of the
three locations.

5. Flow Equalization Basins (FEBs)
The FEBs are lined concrete holding basins used to address diurnal flows.


The diurnal pattern tends to peak at 26‐27 MGD and drops to 3 MGD during low flow
periods.



The FEBs are usually gravity fed, but four 100 hp electric motor driven pumps are
available if flow needs to be pumped.

6. Aeration Blowers
The aeration blowers supply the CAS basins (see #7) with oxygen to keep the
microorganisms healthy and active.


The system is comprised of five process air blowers [2 x 500 hp blowers and 3 x 250 hp].



Typically, two blowers are used (1 x 500 hp and 1 x 250 hp), although at times only 1 x
500 hp blower is needed.

7. Conventional Activated Sludge (CAS) Aeration Basins
The CAS basins contain millions of microorganisms that break down organic material.


There are six trains, each with four mixers (7.5‐10 hp each).



There is an internal “mixed liquor” (microorganism solution) return pump inside the
Tank (15 hp).

2

When MWRP Phase 3 Expansion to 33 MGD is implemented, the primary sedimentation tanks will not need to be
increased in size.
3
Included as part of “Flow Equalization” in Figure 1.
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8. Secondary Clarifiers (#1‐9 rectangular)
There are nine rectangular secondary clarifiers that use relatively little energy. The drive
mechanism moves sludge through the hopper and creeps up to the top. Skimming removes
foam and "floaters" (additional sludge).


The amount of flow determines the number of rectangular clarifiers that are needed.



The capacity of each rectangular clarifier is 9 MGD and uses about 75‐100hp.



The rectangular clarifiers have four Return Activated Sludge (RAS) pumps using two at a
time while the other two are redundant for back up.



Rectangular clarifiers have two wasting pumps (10 hp each). They use one pump (the
second pump is for backup).



This system is very sensitive to flow/hydraulic/solids loading whereas the MBR system is
relatively indifferent.



The sludge produced by this process currently goes to OCSD.

9. Secondary Circular Clarifier #10
There is one circular clarifier that performs the same function and works in harmony with
the nine rectangular clarifiers described above.


The circular clarifier almost always works at its capacity of 7‐8 MGD, as it tends to work
better than rectangular clarifiers.



The circular clarifier has two 40 hp Return Activated Sludge (RAS) pumps though
typically only one is used at any given point in time.



The sludge produced by this process currently goes to OCSD.

10. High Rate Clarifier (HRC)
The HRC coagulates suspended solids to increase the effectiveness of filtration thereby
reducing turbidity.


The HRC has two drives using low horsepower pumps.



The HRC is only used when needed, in times of high turbidity, and flows are then routed
to it before entering the Filter Pump Station (see #11).

11. Filter Pump Station
The Filter Pump Station pumps effluent from the secondary clarifiers or HRC to filters
described below (see #12).


The capacity of this station is 13‐15 MGD and only pumps water from the CAS process,
not MBR.



There is one electric motor driven pump rate at approximately 125 hp.



Three additional natural gas engine driven pumps enable fuel switching (e.g., these can
be operated during period of high electric prices).
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12. Dual‐Media Filtration
These filters remove remaining suspended particles producing tertiary treated water from
the CAS process.


There are seven dual‐media filters having both anthracite coal and sand layers.



There are also small motors driving backwash pumps and air‐blowers associated with
this step of the process.

Chlorine Contact Tank
Effluent from the filters then enters the chlorine contact tank for disinfection before
entering the Recycled Water Pump Station (see #15).


There is a small pump to move the tertiary treated water through this part of the
process.



There is existing valving and piping to move CAS treated water through UV disinfection
(see #14) as well, but it is not currently needed or used.

13. Membrane Bioreactor (MBR)
The MBR system was constructed as part of the MWRP Phase 2 Expansion and became
operational in 2016. The system accomplishes the same purpose as the CAS process, but
replaces the sedimentation tanks or secondary clarifiers (see #’s 8 & 9) along with the dual‐
media filters (see #12) with membrane filters. This results in a much smaller footprint and
generally higher quality effluent. The MBR system also is more energy intensive using UV
disinfection (see #14) as opposed to the CAS process using chlorine and having more
pumping involved, but has a much shorter process time (6‐8 hrs. vs. 16 hrs.).


The current capacity of the MBR system is approximately 10 MGD, but some
components were designed to accommodate a 5 MGD expansion to 15 MGD.



The main components include: aeration basins, membrane basins and dedicated pumps
and blowers.



There are three 350 hp blowers for the aeration process and six 75‐100 hp pumps with
three or four pumps typically being used at any given time to achieve the pressure
required to pass through the membrane filters.

Cleaning MBR Membranes


Three 300 hp Turblex blowers are used to scour the membranes.



Additionally, there is a back‐pulse of membranes which takes permeate water and
pumps backwards to clean the membrane surface.



A near‐term planned project, the GE Low Energy Advanced Primary (LEAPmbr) project is
projected to reduce electric requirements by 30% of power needed for scouring the
membrane.
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14. Ultraviolet Disinfection
The effluent from the MBR system is tertiary treated water requiring disinfection. This is
accomplished using ultraviolet (UV) light.


There are two channels with 14 modules and 40 lamps per module.



Suction pumps pull treated wastewater from the MBR system into the UV system.



The system is turned on and off as needed.

15. Recycled Water Pump Station
Tertiary treated and disinfected effluent from both the Chlorine Contact Tank (see #12) and
UV station (see #14) is moved to the Recycled Water Pump Station for distribution into
IRWD’s recycled water distribution system.


This pump station has a total of six pumps, with three at 500 hp and three at 600 hp
with three or four typically in use at any given time according to demand.



Three of the pumps have variable frequency drives (VFDs) (2, 4 & 5).

16. Backup Power Generation
MWRP has several back‐up generators that have been installed to serve its load during a
power failure. MWRP has peaked in the past at 4.2 MW and the onsite back‐up generation
is only rated at 3,750 kW. Therefore in an emergency inflow may be diverted to diurnal
storage facilities and/or some of the processes would need to be shut down. In an extreme
condition, some influent can be sent to OCSD with the balance being treated at MWRP
using the back‐up generation.


There are two natural gas generators rated at 1.2 MW (labeled MWRP Generator in
Figure 2)



Additionally, three diesel generators sited throughout MWRP serve various loads and
are rated at 1000 kW, 750 kW and 500 kW.



Up to 6 MGD can be sent to OCSD via the Harvard Avenue Trunk Sewer (HATS pump
station) before entering MWRP.



An example of load that can be shed is the MBR system as it is much more flexible than
the CAS system with the latter requiring a long lead time for startup and shutdown.
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Considerations and Opportunities
1. Solar Photovoltaic Canopy for Chlorine Contact Tank – By shading the tank, UV rays from
the Sun are reduced thereby reducing resulting chlorine degradation. A solar PV canopy
may be able to accomplish that benefit while also providing energy to offset MWRP’s
electric demand. However, there are concerns about chlorine off‐gassing eroding the PV
panels and structure and safety and operational challenges may also be encountered for
service and maintenance.
2. Onsite Recycled Water Storage – Adding storage onsite may help increase operational
flexibility at MWRP and there are potential sites being explored for this purpose.
3. Automatic Ammonia Controls – SCE is currently studying this at other facilities and may be
able to apply this knowledge to MWRP.
4. Recycled Water Pump Rehabs – Potential efficiency gains and electric savings may be
available from testing and rebuilds of existing recycled water pumps.
5. Energy Monitoring Throughout MWRP – There is one main SCE meter for MWRP and
several submeters throughout the facility. There may be potential for enhanced monitoring
using SCADA and/or EMS systems resulting in possible energy efficiency project
identification and/or operation modifications resulting in energy savings.

Additional References
1. IRWD website: http://www.irwd.com/construction/facilities
2. IRWD website: http://www.irwd.com/construction/mwrp‐facility
3. “IRWD Energy and Greenhouse Gas Master Plan”, July 24, 2012
4. IRWD Energy Efficiency Master Plan and Biosolids Handling Preliminary Report (HDR,
October 2009)
5. IRWD Wastewater Treatment Master Plan Final Report (HDR, September, 2003)
6. IRWD Embedded Energy Plan Final Report (Navigant Consulting, Inc., December, 2015)
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3. Los Alisos Water Recycling Plant (LAWRP)

Facility Overview and History
The Los Alisos Water Recycling Plant (LAWRP) is a sewage and biosolids treatment facility with a
capacity of treating 7.5 MGD of secondary effluent and 5.5 MGD of tertiary treated effluent.
Secondary treated effluent can be discharged to the South Orange County Water Authority
outfall (SOCWA) while tertiary treated effluent can be discharged to IRWD’s recycled water
zones A and B. Biosolids dredged from the systems treatment ponds are dewatered on‐site and
trucked to a landfill. In addition to water treatment, the LAWRP outfall pumps receive and
discharge brine from IRWD’s Irvine Desalter Project and the El Toro Remediation Project. From
2005 to 2013, average plant inflow was approximately 4.3 MGD, discharges to the SOCWA
averaged 2.68 MGD, recycled water use averaged 1.6 MGD and approximately 0.12 MGD was
lost to evaporation and treatment. Recycled water is used for landscape irrigation and other
non‐drinking uses.
LAWRP was constructed by the Los Alisos Water District and began operations in 1964 when
most of the demand for its recycled water was for agricultural uses. In 2001, Los Alisos Water
District consolidated with IRWD that brought the plant under the umbrella of IRWD operations.
Over its life, the plant has undergone several upgrades as newer technology/ processes have
been developed which have enhanced its operations and provided greater efficiency and cost
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effectiveness. Some of these upgrades include the addition of a disinfection facility, a pumping
station, a sodium hypochlorite building and various pipelines.
Key Facts


Maximum secondary treatment capacity of 7.5 million gallons per day (MGD)



Maximum tertiary treatment capacity of 5.5 million gallons per day (MGD)



Influent is mostly residential wastewater



LAWRP’s SOCWA pumps discharge secondary treated water from LAWRP, brine from
IRWD’s Irvine Desalter Project (ID) and the El Toro Remediation Project’s (El Toro)
pumping to the ocean.



In 2015, LAWRP used approximately 7.3 million kWh



The majority of energy usage, ~75‐78%, is for pond aeration



Recycled water demand is seasonal so after secondary treatment, effluent is either
discharged to the SOCWA line for ocean discharge, or used to produce recycled water



If LAWRP’s recycled water system is not operating and MWRP has available supplies,
IRWD’s distribution system allows MWRP recycled water to serve customers
traditionally served by LAWRP.



The future use of LAWRP is being evaluated by IRWD as part of a sewage master plan
currently under development.

Description of Operations
Following is a schematic diagram and brief description of the LAWRP facilities and operation.
Additional detail can be found under references; particularly the LAWRP Operations and
Maintenance Manual.

Figure A‐3. Existing Process Configuration at LAWRP
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1. Aeration Ponds
The LAWRP’s primary treatment process is a “lagoon” system consisting of five ponds that
are constructed of clay earth sprayed with gunite. In general, inflows have grit removed by
screening and travel through ponds 1‐5 sequentially although the first two ponds can be
operated in parallel. Ponds 1 and 2 are most heavily aerated to facilitate water treatment
and control odor.
Ponds 1 & 2




High aeration mixing pools which introduce oxygen to the process via:
o (18) 20 hp floating aerators, and
o More than 26 mixing aerators around ponds to maintain a continuous current.
Can be operated in parallel or in series (currently operated in series).
Objective is primary treatment.

Ponds 3 & 4





Have 12‐13 aerators x 7.5 hp around perimeter of each to maintain current.
Ponds need to be manually dredged; polymer reduces volume of solids, then solids are
hauled off to compost facility.
Pond 4 is the “polishing pond” and has some residual solids/settleable matter.
Filtrate from Ponds 3 & 4 is returned to Pond 2.

Pond 5


Provides final clarification and flow equalization before discharging to tertiary treatment
or the ocean outfall.

After flowing through the five ponds, the secondary treated water can be discharged via
South Orange County Wastewater Authority (SOCWA) pump station to Alisos Creek Ocean
Outfall, OR put through tertiary treatment to produce recycled water.
2a. SOCWA Pump Station to Alisos Creek Ocean Discharge


SOCWA holds permit for ocean discharge.



IRWD’s SOCWA Outfall consists of:
o LAWRP effluent,
o Brine from the Irvine Desalter, and
o Discharges from the El Toro Groundwater Remediation Project (aka Shallow
Groundwater Unit (SGU)).
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SOCWA Pumps:
o (3) 40 hp pumps
o (2) 150 hp pumps

2b. Recycled Water Production (5.5 MGD capacity)


When recycled water demand warrants, LAWRP produces it with the following tertiary
treatment steps:
o Flocculation
o Clarification
o Filtration
o Chlorine Contact (for disinfection)



There are three 200 hp motors used to discharge to the Los Alisos Zone A recycling
system.



LAWRP has historically discharged to the Los Alisos Zone B recycled water system;
however, this capability no longer exists.



LAWRP recycled water can discharge to two relatively small regulating reservoirs that
contain about 1‐2 MG and are used for daily variations between supply and demand.

2c. Biosolids Treatment
Historically some ponds have been dredged continuously while at other times biosolids are
allowed to accumulate for several months. When ponds are dredged, biosolids are
dewatered, pressed and hauled to a compost site.

Considerations and Opportunities
1. Presently, ponds 1 and 2 are aerated to conservatively manage oxygen, ammonia, nitrogen,
nitrate, etc. levels and as a result may be over aerated. Implementing an automated
dissolved oxygen control to help manage aeration use was determined to be economically
feasible by the IRWD Energy and Greenhouse Gas Master Plan (July 24, 2012). Tests are
being conducted – shutting off some aerators for some time to get the mix right
(nitrification bugs need a lot of air; denitrification bugs do not like air) – but it takes 3‐4
weeks to see the results because these ponds are so large. Energy use in March 2016 was
548,380 kWh and April 2016 energy usage dropped to 500,848 kWh when the tests started.
Therefore, past studies and current testing indicates there may be an opportunity for better
controls.
2. During winter, there is recycled water demand to the areas traditionally served by LAWRP.
However, it is not economical to start up LAWRP’s tertiary treatment system for just a little
bit of time. Recent enhancements to IRWD’s recycled water conveyance system allow
MWRP to provide recycled water to LAWRP customers. This is facilitated by bringing Zone B
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water from MWRP into the LAWRP pump station wet well, and then pump to Lake Forest
Zone A on an as‐needed basis (can pump up to 5.5 MG).
3. LAWRP’s recycled water cannot be mixed with MWRP recycled water. MWRP’s treatment
process removes nitrogen so the water can be used and stored at any of IRWD’s recycled
water reservoirs. LAWRP does not remove nitrogen that can causes algae blooms when
stored in a seasonal recycled water reservoir.
4. IRWD is currently pursuing a sewer master plan that is, in part, analyzing the future
need/status of LAWRP. Considerations include but are not limited to:
a. Continue to maintain facility as‐is.
b. Abandoning LAWRP and convey sewage to MWRP for treatment.
c. Replace LAWRP’s current lagoon treatment system with an alternative treatment
system such as MBR.
d. Transfer LAWRP’s biosolids handling processes to MWRP.
5. If IRWD’s sewage master plan decides to maintain LAWRP but is not able to maximize the
use of its tertiary treatment capacity, there may be a possibility to convey recycled water to
a neighboring water district.

Additional References
1. IRWD website: http://www.irwd.com/construction/facilities
2. “IRWD Energy and Greenhouse Gas Master Plan”, July 24, 2012
3. IRWD Energy Efficiency Master Plan and Biosolids Handling Preliminary Report (HDR,
October 2009)
4. IRWD Wastewater Treatment Master Plan Final Report (HDR, September, 2003)
5. IRWD Embedded Energy Plan Final Report (Navigant Consulting, Inc., December, 2015)
6. LAWRP Operation and Maintenance Manual
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4. Baker Water Treatment Plant (BWTP)

Facility Overview and History
Completed in late 2016, the Baker Water Treatment Plant (BWTP) is a joint regional project of
five South Orange County water districts which supplies up to 28.1 million gallons per day
(MGD) (or 43.5 cubic feet per second) of drinking water for the project partners. The
approximately $104M project will increase water supply reliability by increasing local treatment
capability using advanced microfiltration treatment technology that meets standards stricter
than current regulatory requirements to deliver high quality water. The construction of this
plant included a finished water pump station, a solids dewatering facility, chemical building,
and chlorine contact tank.
In 2001, when IRWD took ownership of Los Alisos Water District, the purchase included the
Baker Filtration Plant that was removed from
service due to its inability to operate at
current standards. In 2006, project partners
studied the feasibility of constructing a
regional water treatment plant as a joint
reliability supply project that ultimately
resulted in the decision to build the BWTP.
The five Orange County water districts with
capacity rights to BWTP are:
1. Irvine Ranch Water District (IRWD)
2. El Toro Water District (ETWD)
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3. Mouton Niguel Water District (MNWD)
4. Santa Margarita Water District (SMWD)
5. Trabuco Canyon Water District (TCWD)
Key Facts


The BWTP project is now complete and achieved the goals of:
o Equipment testing complete around December, 2016 and
o Operation testing and water delivery to customers in January 2017.



Operational capacity is 28.1 MGD (43.5 cfs) and BWTP baseload was built to achieve
maximum capacity



BTWP operates 24/7, in part, to insure the capital project’s maximum return on
investment.



The IRWD’s Capital Engineering Projects team estimates 2‐6 weeks maintenance
downtime annually with a realistic likelihood of 4 weeks.



IRWD’s capacity rights, 24.1 % or 6.8 MGD (10.5 cfs), is entirely gravity fed out of the
plant, unlike the water provided to the other agencies that is pumped via the South
County Pipeline.

Description of Operations
Following is a diagram and brief description of the BWTP facilities and operation. From an
energy perspective, the BWTP’s operations consist of six ~350 hp pumps on the front end, a
membrane treatment and UV disinfection process and five ~400 hp pumps on the back end.
The BWTP was designed with inherent redundancies to ensure system reliability Additional
detail can be found under references.

Figure A‐4. BWTP Operational System Overview
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Process Description
1. Water from the Baker Pipeline enters the BWTP plant forebay via gravity‐feed.
2. The water is then pressurized by up to six electric‐motor driven pumps through membrane
filters.
3. Filtered water is disinfected with ultra‐violet light.
4. Additional disinfection occurs in a chlorine contact basin.
5. Potable water next enters one of two 16 million gallon tank reservoirs, and either
a. Gravity flows to IRWD’s potable water distribution system, or
b. Is pumped by up to five electric‐motor driven pumps to the aforementioned project
partners via the South County Pipeline.

Considerations and Opportunities
1. Adding solar on top of the two buried reservoir tanks.
2. Adding battery storage.

Additional References
1. Baker Water Treatment Plant Website: https://bakerwatertreatmentplant.com/
2. PCL’s (selected construction firm) website: http://www.pcl.com/projects‐that‐
inspire/pages/baker‐water‐treatment‐plant‐project.aspx
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5. Potable and Non‐Potable Water Pumping Systems

Figure A‐5. Diagram of IRWD’s Potable and Non‐Potable Systems

Overview and History
The Irvine Ranch Water District (IRWD) has a vast network of pumping systems both potable
and non‐potable with recycled water being a large subset of the latter. For potable water,
much of the local supply comes from Dyer Road Well Field and the treatment of impaired
groundwater. The majority of recycled water comes from the Michelson Water Recycling Plant
(MWRP). Recent (2015) IRWD demands include approximately 50,000 acre‐feet per year (AFY)
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of potable demand and 35,000 AFY of recycled water demand. Key IRWD potable and non‐
potable facilities described herein include:
1.
2.
3.
4.
5.
6.
7.

Dyer Road Well Field (DRWF) and Deep Aquifer Treatment System (DATS)
Wells 21 and 22
Irvine Desalter Project (IDP)
Non‐Potable Well 78, El Toro 1 and El Toro 2
Shallow Groundwater Unit (SGU)
MWRP Recycled Water Distribution System
Potable Water System

Description of Operations
1. Dyer Road Well Field (DRWF) and Deep Aquifer Treatment System (DATS)
These facilities are operated in a coordinated fashion, governed largely by demand, time of
use electric rates and contractual constraints:


Orange County Water District (OCWD) manages the Orange County Groundwater Basin
from which IRWD pumps water.
o As part of an agreement with the City of Santa Ana, IRWD can pump up to 28,000
AFY from the DRWF and 8,000 AFY from DATS.
o As one of nineteen producers from the Orange County Aquifer, IRWD’s annual
pumping is limited to its demand from the portion of the District that overlies the
groundwater basin times a Basin Production Percentage (BPP) established by the
Orange County Water District. Any amount pumped in excess of the BPP is subject
to a Basin Equity Assessment (BEA) surcharge.
o Until recently, DATS was exempt from the BPP.
o Currently OCWD does not allow IRWD to include recycled water as part of the
demand calculation

DATS System Overview


Capacity ~7.7 million gallons per day (MGD) or ~8‐8.4k AFY depending on downtime. In
general, DATS operates continuously to facilitate the water treatment process and
system demands.



Source water for DATS comes from of two wells, C8 and C9, that pump from the Orange
County Groundwater Basin’s Deep Aquifer and are over 1,000 feet deep. Each is
equipped with a 400 horsepower (HP) electric motor driven pump and are tied to single
meter that includes the treatment plant.



The treatment process is nano‐filtration which is well suited to remove the color of the
source water (water is tea color due to old redwood forest).
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o Three trains with one pump each—three stages per train with concentrate going
through a final Concentrate Treatment System (CTS) before a minimal amount of
effluent flows via gravity to the sewer system (treatment yields 98% recovery with
only about 150 gallons per minute (GPM), going to waste).
o Orange County Sanitation District (OCSD) treats brine produced by DATS at $2,600
per million gallon (MG)


Treated water goes to a clear well where three electric motor driven pumps pump
decolored water directly into the Dyer Pipeline
o One pump is controlled by a variable frequency drive (VFD) and only two pumps are
needed to meet summer peak
o Train pumps are all VFDs because they need to monitor pressure through the trains



Most of the water produced from DATS is used in Zone 1.

DRWF System Overview


DRWF has 18 wells each with their own electric meter.
o DRWF wells pump from the Orange County groundwater basin’s Principal Aquifer
and are approximately 700‐800 feet deep



IRWD is also allowed to pump up to 28,000 AFY from DRWF.

DRWF and DATS Operating Constraints


Minimize pumping during peak summer periods
o Tried running less wells but while turning pumps off is easy, re‐starting takes time
(waste about the first 15 minutes of water pumped, which is highly undesirable
given drought)
o Turn some wells off during winter months
o When DATS is shut it off, silt causes turbidity: even if off for only 15 minutes, it fouls
the membranes (turbidity must be < 1.0)



Groundwater levels are getting really low due to drought
o Increasing capacity at DWRF would not help with the drought since total pumping is
limited by an agreement.
o DATS pumps from a separate, deeper aquifer so it has not been significantly affected
by the drought

SCE‐IRWD WATER‐ENERGY PILOT, PHASE 1 REPORT
Final Report March 14, 2017 – Appendix A

Page A‐24

Table A‐1. DATS + DRWF Operating Schema
Driver

Objectives

Reliability

 Maximize production and availability
of potable water

 Maximize production of DATS & DRWF subject to contractual
and operating constraints (primarily WQ) described below

Economics

 Minimize OCWD BPP Surcharge
 Minimize MWD CRC

 Operate DRWF within 28TAF limit whenever possible
 Begin reducing purchases from MWD to reduce future CRC
 Reduce pumping during high cost summer peak periods

 Assure WQ is suitable for its
intended use

 DATS C8 & C9 are always on (need to blend with Well 10
because still retain some color)
o Chlorination facilities need to be run at Wells 16 & 10
o Running DRWF Wells 15 & 17 all the time makes 4 wells
available for blending with DATS C8 & C9
 Wells 16 and 10 operate in coordinated fashion
o Some wells have low amounts of arsenic; others have
perchlorate, 1-4-Dioxane (from shampoos), etc.
o If Well 16 is on, need 50 cfs running through the system for
DATS (if Well 10 fails, Well 16 cannot be operated)
 Pump all DRWF water to Central Zone 1 Reservoir, then feeds
back to Zone 1 to get a better blend of water resources

Water
Quality

Operating Strategy

Dyer Pipeline


Water from the DRWF and DATS is pumped at ~120 PSI via a 54‐42” pipeline from to
Central Zone 1 Reservoir (15 MG)
o The top of Zone 1 is 290 feet and the bottom is 260 feet, so water feeds back via
gravity.
o Pressure blows off and the system equalizes at reservoir.
o At lower elevations, still about 95‐105 psi

2. Wells 21 and 22
System Overview


This part of the system is comprised of two wells with electric motor driven submersible
pumps that are operated in concert with a RO plant to remove salts & nitrates.



Well 21 operates at 3,000 GPM and Well 22 operates at 1,500 GPM and send water to
IRWD’s distribution system via the Dyer Pipeline.



Operation of this facility impacts how much can be produced and delivered by DRWF



This part of the system is powered by three electric meters, one on each well and the
RO plant.
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Operating Schema


Economics: Through MWD’s Local Resource Program (LRP), IRWD earns $250/acre‐feet
(AF) for water pumped from these two wells and these wells are exempt from the BPP
for 20 years. Currently, Wells 21 and 22 cost about the same as MWD supplies with the
MWD LRP.4



Operations: IRWD tries to maximize production of these wells to facilitate the
treatment process by operating continuously. Well 21 and 22 pumping is currently
constrained by very low groundwater levels.5

3. Irvine Desalter Project (IDP)
System Overview


The IDP’s purpose is to treat impaired groundwater for potable use. Key water quality
constituents removed by the IDP’s reverse osmosis Potable Treatment Plant (PTP)
include manganese, total coliforms (TCs) and salts.



The IDP is comprised of five wells (76, 77, 107, 110 and 115) which are all exempt from
the BPP except Well 115 (not currently used).

Operating Schema
Economic: IRWD runs all IDP Wells other than 115 continuously to facilitate the treatment
process and because they are exempt from BPP surcharge and earn revenue from MWD’s
LRP.
4. Non‐Potable Well 78, El Toro 1 and El Toro 2
System Overview


IRWD is compensated by MWD’s LRP to operate these wells and is required by the Navy
to pump 3,000 AFY. The annual pumping requirement results in the wells operating
almost continuously, year round.



These wells take water located outside the El Toro Marine Base trichloroethylene (TCE)
plume for irrigation purposes.

4

IDP also has LRP. DATS once had LRP, but sold it.
Bond Pits are available for recharge (could take as much as 64MGD), but OCWD finds it less expensive to
recharge from the Santa Ana River.
5
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5. Shallow Groundwater Unit (SGU)
System Overview


The SGU was developed as part of IDP system to treat TCE contaminated water from 23
wells owned by the Navy. The system operates almost continuously, year round.



IRWD collaborates with the U.S. Department of Defense (DOD), the Navy and the
Department of Justice (DOJ) regarding El Toro Base redevelopment.
o IRWD operates the SGU treatment plant but does not operate the SGU wells. After
treatment, IRWD discharges the treated SGU water to a pipeline that flows to
LAWRP where they are pumped to an ocean outfall owned by SOCWA.



IRWD has considered pumping the treated water directly into IRWD’s sewer system to
treat and reuse as recycled water.

6. MWRP Recycled Water Distribution System
System Overview


Peak urban water demand during summer is 55‐60 MGD



Reservoirs:
o Recycled reservoirs include Syphon, Rattlesnake, Sand Canyon & San Joaquin.
o Syphon, Rattlesnake and Sand Canyon are “Waters of the U.S.” that have special
water quality restrictions. San Joaquin’s water quality is subject to Title 22.
o Rattlesnake Reservoir capacity is about 900 AF
o Syphon Reservoir capacity is about 480 AF
o Sand Canyon Reservoir Capacity is about 750 AF
o San Joaquin Reservoir Capacity is about 2,500 AF



Pump Stations (most have four pumps):
o Zone A to C pump station has very high usage
o All usage off Zone D is for Irvine Company
o Zone C is primarily for agricultural use



MWD Raw Water (used for recycled water demand):
o Irvine Lake pipeline has two interconnections with MWD, one that feeds Irvine Lake
and another that feeds Rattlesnake Reservoir.
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Operating Schema


During the summer, IRWD offers to sell recycled water from MWRP to Santa Margarita
Water District (SMWD). If SMWD does not need the water, it is sent to the Los Alisos
Water Recycling Plant (LAWRP), which then pumps the water to customers at the
northeast end of IRWD’s service area.



If IRWD runs out of recycled water storage (e.g., in December or January, IRWD may be
close to reservoir capacity):
o IRWD may send water to OCWD’s Green Acres Project (GAP), but if so, OCWD
requires that they must continue to receive water for 2 weeks.6
o IRWD could send excess recycled water to OCSD. [Note: If treated water is sent to
OCSD by sewer, it must be treated and OCSD charges IRWD for this cost.]
o IRWD could divert sewage to OCSD before it is accepted for treatment at MWRP
(goes to OCSD Plant 1). [Note: If untreated water is sent to OCSD, it must be treated
and OCSD charges IRWD for this cost.]

7. Potable Water System
Operating Schema

6



IRWD can import treated water via MWD interconnections OC38 & OC39, but avoid
when possible due to high costs of treated water.



Turtle Rock Pumping Station #1‐3 operates 24/7



There is very little groundwater pumping during winter:
o Turtle Rock: Coastal pump from MWD (contractually need to do it)
o Laguna Beach provides some water to IRWD Zone 1 near coast
o Rest of area:
 Zone 1 is met primarily from DRWF. In the winter they pump about 1,600
AF/month
 Foothill Forest 6‐8‐9
 Lake Forest side: Zone 2 E. PS
 Other zones fed from northern (Irvine Lake) system by gravity



Zone 2 is completely gravity fed



Zone 3 is the most difficult to operate:
o Manual system operation occurs at Quail Hills Zone 3, Turtle Rock and East Irvine
Zone Reservoirs

Investigate: Why does OCWD need 14 days from GAP? Do they need to turn something on/off on their end?
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Wells #106 and 72 need to be manually turned on and off



Rest of pump stations are all on set points based on demand, capacity & how quickly
they need to be on to meet demands. Demands are different for summer vs. winter and
the reservoirs need turnover to maintain water quality.

Considerations and Opportunities
1. Zone 1 has a single pipeline to the reservoir, but IRWD is currently planning on putting a
reservoir next to the existing reservoir and will need another pipeline to the new reservoir.
2. Recycled Water Storage:
a. Michelson Pump Station can do 28 MGD. IRWD is considering the use of Pond E to store
recycled water and reduce on‐peak pumping demands
b. If the Syphon Reservoir expansion proceeds, the pumps are already sized for it.
3. Potential Energy Project:
a. Currently rehabilitating motor at Well 22 (can only run 1 train; each train needs 1500
GPM)
b. Potential SCE‐IRWD Pilot – Model to optimize operations at DRWF, DATS, Wells 21&22
and appurtenant facilities
4. IDP Well 115 starts up quickly without silt/turbidity problems so no treatment is required,
just chlorination. However, to get the water into the IRWD’s distribution system, you
cannot just pipe it directly into Dyer Pipeline, because there is no space for chlorination
station.
5. Potential Project – New pipeline for recycled water conveyance that will enable recycled
water use instead of Irvine Lake potable water use.

Additional References
1. IRWD Website: http://www.irwd.com/construction/facilities
2. “IRWD Energy and Greenhouse Gas Master Plan”, July 24, 2012
3. IRWD Embedded Energy Plan Final Report (Navigant Consulting, Inc., December, 2015)
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6. San Joaquin Marsh (SJM)

Facility Overview and History
San Joaquin Marsh (SJM) is a Natural Treatment System (NTS) that pumps water from the San
Diego Creek (SDC) and removes pollutants before pumping the treated water back to the creek
where it eventually flows into Newport Bay and ultimately the Pacific Ocean.
The Irvine Ranch Water District (IRWD) operates 26 NTSs, with SJM being the largest at
approximately 300 acres. The marsh is an area of coastal freshwater wetlands located adjacent
to the San Diego Creek (SDC) just downstream of IRWD’s Michelson Water Recycling Plant
(MWRP). A portion of SJM is a mitigation area for other developments and has been restored
to a natural state.
Key Facts


SJM covers more than 300 acres (about half of a square mile).



SJM accounts for ~10‐20% of MWRP’s one electric meter. Other facilities served by the
MWRP electric meter include the Michelson Water Recycling Plant, IRWD’s Operations
Buildings and the Michelson Biosolids Plant (currently under construction).



IRWD has five cubic feet per second (cfs) water right from SDC for use by the SJM to
treat streamflow.



The water in SDC – primarily urban runoff – is relatively high in pollutants (nitrogen,
phosphorous, etc.).



MWRP has dewatering pumps to address a high water table and this water is also
treated by SJM.



IRWD manually floods certain spaces or “cells” within SJM at certain times during the
year depending on availability of water.



Flow through the marsh typically takes 7‐10 days
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Description of Operations
SJM is comprised of several “process” ponds used for the natural treatment of water and
wildlife habitat. Additionally, it has specific marshes and cells that vary from dry land to marshy
wetlands depending on the location, time of year, amount of precipitation received and when
IRWD manually floods the space. The following image shows normal operations of SJM:

Figure A‐6. San Joaquin Marsh Normal Operations
1. Sources of Water
Water in SJM comes primarily from SDC. Other sources include the dewatering pumps at
MWRP, natural precipitation and some urban runoff from neighboring developments.
San Diego Creek Pump Station


Contains two 100 horsepower (HP) electric motor driven pumps that operate at
approximately 3,200 and 3,800 gallons per minute (GPM) flow rates. Typically, only one
pump is operated at time unless there is a maintenance activity.



Currently SDC flow rates are low because of drought which is causing various mitigation
tactics such as:
o recirculating water through SJM for multiple passes, but this activity is limited by
potential degradation of the marsh (e.g. excessive algae, reduced dissolved
oxygen, etc.), and
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o plans to replace existing pumps with ones that have a wider range of capacity
and variable flow meters to help control flow over a wider range of streamflow
conditions.
MWRP Dewatering Pumps


There are approximately seven functioning electric motor driven dewatering pumps that
can deliver up to 80 GPM of water.



The dewatering pumps are all plumbed into one line. This line currently discharges into
the marsh but can be sent to SDC.

2. Flow of Water Through SJM
There are multiple possible configurations for water flows throughout SJM. The process
described below reflects “normal” operations.
a. Water from SDC is pumped via the SDC Pump Station to Pond A.
b. Water then flows in the following sequence: Pond A, B, 1, 2, 3, 4, 5 and 6
c. The naturally treated water is then pumped from pond 6 by the SJM Pump, which is
a 200 HP electric motor driven pump controlled by a variable frequency drive (VFD).
d. From the SJM Pump several valves controls if water flows back to the SDC, back to
pond A or to the North Carlson and North Michelson Ponds.
Additional Notes


Pond E is not part of the SJM. It is currently used as an overflow parking lot and,
somewhat infrequently to store recycled water that provides a shallow shorebird
habitat.



IRWD typically floods the upper part of SJM (mitigation area) one or more times a year
that simulates the natural fluctuation in water levels at marshlands.

3. Monitoring
The pumping system of SJM is monitored via a supervisory control and data acquisition or
SCADA system and some additional measurements are performed at various intervals (not
daily) and entered into a database.
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Considerations and Opportunities
1. Isolate the entire SJM system on a separate sub‐meter for a better understanding of the
energy use of the marsh, primarily the pumping associated with its operations.
2. IRWD is considering replacing the SDC pumps with ones that provide a wider range of flows
and include variable flow meters to account for lower flows currently being experienced.
3. IRWD is considering the use of Pond E to store recycled water on a diurnal cycle in order to
reduce the on peak pumping of MWRP outflow to recycled reservoirs located at a
significantly higher elevation than Pond E.

Additional References
1. IRWD website: http://irwd.com/san‐joaquin‐marsh
2. Peters_Canyon Channel Water Capture and Reuse Pipeline Project, Reduced Discharge
Technical Study, (ESA, December, 2014)
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7. Irvine Ranch Water District Hydraulic Model

Overview and History
The Irvine Ranch Water District (IRWD) has a hydraulic model for their water system that is
used to better understand and operate its system in addition to planning for future changes.
IRWD started work on its potable model in 2013 and finished in early 2014 with a goal of
recalibrating the model every two years. This was the first comprehensive model IRWD
pursued for its potable system since 1999 and, once completed, it calibrated well. The model
includes pump stations, reservoirs, turnouts, emergency interconnections, wells, and pressure
reducing valves (PRV) as well as all distribution piping 8” and larger in diameter. The model
does not include service laterals or wells upstream of treatment plants (e.g., model includes IDP
but not the individual wells that provide water to the IDP). Everything included in the models is
also in IRWD’s Facility Inventory Folder or “The Binder”.

Description of Operations
Model Characteristics


The model was built with Innovyze software, which utilizes an ArcGIS platform, and contains
an electronic facility inventory to support planning (depicts what was in GIS at the time the
model was developed)



The model addresses IRWD customer demand of approximately ~330k customers with
peaks at ~500k customers during the day and ~110k connections (potable and recycled)
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It recognizes that pressure for firefighting must be >=20 PSI and that any tank should be
able to recover to full levels within 24 hours.

Model Inputs
Key inputs for the model include:


Facilities (pipelines, pumps, reservoirs, pressure reducing valves, etc.)



Average Day Demand (ADD)



Maximum Day Demand (MDD)



Information about tariff rates at each metered point.
o Note: All but two pumps in the model are shown in model as on TOU rates.

Scenarios
The model is capable of running different scenarios for planning purposes such as:


Existing system vs. backbone of projected “future vision”.



Estimating peak day demand based upon simulations.



24‐hour simulations based on theoretical depiction of the system allowing for analysis of:
o inputs vs. demands,
o pressures and velocities in different parts of the distribution system, and
o tank levels.



Conducting a water quality analysis, but IRWD has not yet used the model for that purpose.

Considerations, Opportunities and Representative Applications
1. The intent was to calibrate the model every two years but limited available staff is causing
delays to this schedule. This is a consideration as a lot of development has occurred since
the completion of the model.
2. There is a potential to improve the model by importing SCADA data into model (not real
time).
3. Multi‐Zone Pump Station (High Priority)
IRWD is exploring new recycled water demand in northern part of its service area with
planning studies addressing the following infrastructure:


Irvine Lake Pipeline (ILP): in the process of converting to recycled (but cannot be
converted completely until the new Multi‐Zone Pump Station is built. ILP conversion is
nearly complete with design and will then take about two years to complete
construction and placed in‐service. This pipeline conversion requires 42” pipelines and a
reservoir.
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Zone C Substation to C+: requires new pump station at Zone C+B [Irvine Blvd. & Jeffrey]



Adding another pump to Zone B Pump Station
Note: The Multi‐Zone Pump Station will require significant electrical power for pumping
and potentially, have three sets of pumps in the following configurations:
o Zone A to Zone C,
o Zone A to Zone B – Once the Multi‐Zone P.S. is completed, IRWD will abandon the
Northwood Zone B Pump Station providing space to build a new Rattlesnake Pump
Station, and
o Zone A to Syphon Reservoir (pending reservoir expansion).

4. Rattlesnake Pump Station (planned for ~2020)
The capacity of this pump station needs to be increased as Rattlesnake Reservoir is used
almost daily as IRWD pumps recycled water 24/7 and excess recycled water production is
delivered to Rattlesnake Reservoir (this is not a seasonal facility). In addition, IRWD would
like to eliminate the natural gas engine driven pumps at this pump station.
5. Santiago Hills Phase 2 (planned for ~2020)
The Irvine Company is building an additional ~1,000 units and the area will need two new
pump stations (one recycled, one potable) with flow rates of ~2000 GPM to serve ~700
acre‐foot per year (AFY) which doubles the demand for the area. The request for proposals
(RFP) has already been issued and the community online date is March 2018, but since the
required tanks will not be ready by then, an interim system will serve the area. This
development is on the edge of Orange Park Acres (OPA) and since the contract cap with
OPA is 900 AFY, it will likely require negotiations and a new well.
6. Zone 1 Reservoir
The existing 15 million gallon (MG) tank needs to be recoated requiring taking it offline for
several months. In the interim, IRWD will likely build a small (2‐5 MG) reservoir for
temporary use depending on available space on the site.

Additional References
1. Irvine Ranch Water District, Potable Water System Model (AKM Consulting Engineers, April,
2014)
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APPENDIX B

IRWD Baseline Electric Requirements
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APPENDIX B
IRWD Baseline Electric Requirements
SCE and IRWD executed the Water‐Energy Pilot (WE Pilot) Memorandum of Understanding in
January 2015; consequently, CY2015 was selected to represent IRWD’s “baseline” electric
requirements. The incremental costs and benefits attributable to the WE Pilot portfolio of
projects and activities will be measured from IRWD’s 2015 electric baseline.
This appendix describes IRWD’s baseline electric requirements, and the contribution of its
various types of systems and facilities to IRWD’s instantaneous and peak electric demand. In
addition, it provides examples of how electric load data will be used to identify innovative
preferred energy resource opportunities during Phase 2 of the WE Pilot.

IRWD’s Baseline Electric Load Profile
The purpose of the WE Pilot is to identify
opportunities for SCE customers to (a) increase
development of distributed energy resources,
and (b) increase the ability to change the
amount and timing of their electric use when
beneficial to electric reliability.

Interval vs. Non-Interval
Electric Data
SCE’s SmartConnectTM advanced metering
infrastructure (AMI) measures customers’
electric use on a nearly continuous basis.
AMI meters are capable of recording

Both electric energy (kWh) and electric demand
electric use at very small intervals, as
frequently as every second, or even
(kW) are important to evaluating the electric
portions of a second. At least at the
reliability value of preferred energy resource
present time, SCE does not need customer
options. However, as explained in Chapter I of
electric data at this very small level of
this report, while reducing electric consumption
granularity that would require much more
continues to be important, California’s increasing
computing power and data storage to
store, access and use.
portfolio of intermittent renewable resources is
causing periods of over‐generation (i.e., hours
Fifteen‐minute interval data for IRWD’s
when electric supply exceed electric demand).
119 largest electric uses were used to
develop IRWD’s 2015 electric load profile.
Consequently, the highest value that a customer
can provide for purposes of electric reliability is
the ability to shift the timing of its electric use to
periods of over‐generation, and to reduce electric use during periods when electricity
production is expected to be less than demand. This is known as “demand side management”
(DSM).
IRWD’s electric load analysis begins with examining its Coincident vs. Non‐Coincident Peak
Electric Requirements.
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Coincident vs. Non‐Coincident Electric Requirements
The assessment of IRWD’s electric baseline begins by understanding IRWD’s daily, seasonal and
annual electric use patterns on a “coincident” basis – i.e., summing the amount of electricity
used by all IRWD systems and facilities on an
instantaneous basis.
Coincident Electric Demand



Coincident Electric Demand is the sum of
instantaneous electric demand at any point in time
by all metered loads included in the analysis.

Shows how much electric power was
needed to support IRWD at any
point in time.



Non‐Coincident Electric Demand is the sum of the
maximum electric demand at each metered site
over a specified period of time (e.g., day, week,
month, season, year, and/or multiple years).

Non-Coincident Electric Demand

During CY2015, IRWD purchased electric services from
SCE at 321 metered sites.1 Total electricity purchases
were 109.4 million kWh. IRWD also purchased
28,048 kW of Non‐Coincident Electric Demand for
these 321 meters.

Indicates the amount of electric
generation, transmission and
distribution capacity that would be
required to support IRWD in the
event that all IRWD facilities used
their maximum electric demand at
the same time.

IRWD Electric Use by Type of Facility
For planning purposes, IRWD groups its facilities by type. Consequently, both Coincident and
Non‐Coincident Electric Demand were compiled by type of IRWD facility.
IRWD’s Non‐Coincident Electric Requirements by Type of Facility
Table B‐1 on the next page summarizes the total amount of kWh and maximum kW used by
each of the IRWD facility groups during CY2015. Electric use at these sites was highly variable,
ranging from nearly nil (e.g., for low‐energy consuming functions such as cathodic protection
and pressure reducing valves), to a high of 4,368 kW at Michelson Water Recycling Plant, a
complex multi‐purpose facility at which several high energy consuming functions (wastewater
treatment, recycled water production and biosolids processing) are performed.

1

A distinction is made herein between electric services that were purchased by IRWD from SCE during CY2015, and
IRWD’s total electric requirements, for the following reasons:
 Electric services purchased from SCE include Transmission and Distribution (T&D), and purchases of both
energy (kWh) and demand (kW) (classified in SCE’s retail electric tariffs as “Generation”).
 Some of IRWD’s electric requirements are self‐provided (e.g., through production of solar PV).
IRWD’s total electric requirements are therefore actually higher than that indicated by an analysis of its purchases
from SCE; however, for purposes of establishing IRWD’s CY2015 electric baseline, IRWD’s electric requirements are
computed solely on the basis of its purchases from SCE.
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Table B‐1 lists the contribution by IRWD facility type to its total electric purchases from SCE
during CY2015. The table was compiled from 2015 billing data; therefore the load factors
shown are computed on the ratio of total energy consumption (kWh) to Billed Demand that is
computed on the basis of Maximum Non‐Coincident Demand.2
Table B‐1. IRWD’s CY2015 Electric Requirements by Type of Facility (Source: SCE Electric Bill Data)
Facility Code

Facilities Description

Collections
Collections Lift Station
DATS
DRWF
DW
DW & RW Pump
DW Other
DW Pump
DW Well
IDP
ILP Untreated
LAWRP
MWRP
NTS
Offices
RW
RW Pump
RW Well
Well 21&22
Non-IRWD

Sewage Pumping
Sewage Lift Stations
Deep Aquifer Treatment System
Dyer Road Well Field
Drinking Water
Drinking Water and Recycled Water Pumps
Drinking Water, Misc.
Drinking Water Pump
Drinking Water Well
Irvine Desalter Project
Irvine Lake Pipeline Untreated Water
Los Alisos Water Recycling Plant
Michelson Water Recycling Plant
Natural Treatment System
Office Buildings
Recycled Water
Recycled Water Pump
Recycled Water Well
Wells 21 & 22
Rented/Leased Facilities
TOTALS

Nbr. Of
Meters
2
18
1
31
129
3
3
34
2
4
2
3
2
15
7
42
9
9
2
3
321

Energy
(kWh)
3,752
994,510
9,267,083
20,556,490
313,273
1,981,980
1,313
14,795,694
808,469
4,887,359
111,811
7,762,444
28,673,795
62,995
1,274,439
4,801,219
6,502,417
3,658,031
2,887,512
49,604
109,394,190

Demand
(kW)
1.0
449.0
1,238.0
5,002.1
89.0
797.0
1.0
7,130.4
718.0
1,027.3
15.0
1,232.0
4,368.0
20.0
362.0
1,076.2
2,755.7
846.0
904.0
16.0
28,047.7

Load
Factor
(%)
42.8%
25.3%
85.5%
46.9%
40.2%
28.4%
15.0%
23.7%
12.9%
54.3%
85.1%
71.9%
74.9%
36.0%
40.2%
50.9%
26.9%
49.4%
36.5%
35.4%
44.5%

Table B‐1 shows the wide variability of electric requirements among the various types of
facilities. The average annual load factor varied widely by type of facility, from a low of 15%
(DW Other) to a high of 74.9% (MWRP). Treatment facilities (e.g., LAWRP and MWRP) tend to
have fairly high electric requirements and use power more continuously and during more hours
of the year (i.e., have higher average load factors) than facilities that are operated
intermittently, such as pump stations (e.g., DW Pump, RW Pump, and DW & RW Pump).

2

The facility‐group level maximum electric demand is computed as the sum of the maximum annual demand for
each meter within that facility group (i.e., on a Non‐Coincident basis). Electric utilities price service for electric
demand on the basis of each metered site’s monthly maximum (peak) demand (kW). During periods of high
electric demand, additional charges are assessed on the maximum amount of electric demand (kW) used during
certain time‐of‐use periods. (For example, the highest priced demand charge is currently assessed by SCE for
electric use, both demand (kW) and energy (kWh), during Summer Months (June‐September) between the hours
of Noon to 6:00 p.m., non‐holiday weekdays only.)
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A review of monthly bill data is useful for understanding the total amount of energy (kWh) and
Non‐Coincident Electric Demand (kW) used by IRWD’s systems and facilities. However as noted
previously, a strong understanding of IRWD’s coincident peak determined by analyzing 15‐
minute electric requirements is important to understanding its ability to support electric
reliability.
IRWD’s Monthly and Annual Coincident Peak Electric Requirements
To profile IRWD’s Monthly Coincident Peak (CP) Electric Demand (kW) data was compiled at 15
minute intervals for 119 metered sites that accounted for 99.5% of IRWD’s total electric
purchases (kWh) from SCE during CY2015.3 Monthly bill data were used to compile the Monthly
Non‐Coincident Peak (NCP) Electric Demand (by adding the monthly maximum electric demand
for each of the 119 metered sites used to compile IRWD’s 15‐minute electric profile).
Table B.2. IRWD’s Electric Requirements (CY2015)
Peak
Day of
Hour of
Day/Time
Week
the Day
January
1/12/2015
Monday
03:45
February
2/11/2015
Wednesday
10:45
March
3/11/2015
Wednesday
12:45
April
4/15/2015
Wednesday
23:45
May
5/27/2015
Wednesday
22:45
June
6/15/2015
Monday
23:45
July
7/31/2015
Friday
02:45
August
8/20/2015
Thursday
00:45
September
9/8/2015
Tuesday
01:30
October
10/1/2015
Thursday
02:15
November
11/16/2015
Monday
04:45
December
12/3/2015
Thursday
05:45
Annual Electric Requirements
(15-Minute Interval Data for 119 Sites Only)
Add: Contribution of 202 Non-Interval Meters
Month

Total Annual Electric Requirements (CY2015)

8,565,341
7,413,583
8,346,735
8,737,385
9,251,162
10,147,969
9,902,587
10,823,218
9,557,505
9,591,130
8,668,711
7,794,580

Coincident Peak (CP)
(kW)
14,640
13,939
14,196
14,723
15,979
18,238
18,232
18,912
17,892
17,178
14,511
13,520

Non-Coincident
Peak (NCP) (kW)
20,400
19,860
20,982
20,776
21,219
22,179
22,154
22,513
22,036
20,756
19,788
20,309

108,799,907

18,912

22,513

kWh/month

594,283
109,394,190

∑ Billed kW (NCP)
Estimated Annual
Coincident Peak
Demand4

121
22,634

3

Although 15 minute interval data were available for all 321 metered sites, 119 of the largest meters accounted
for 99.5% of all electricity purchases. Compiling an additional 202 meters at 15‐minute intervals would have
required much more computing power and time, and would have provided little additional insight as to how and
where IRWD is using electricity. Consequently, only the 119 largest electric consuming facilities were used to
develop the 15‐minute Coincident Electric Demand profiles.
4

Billed demand (NCP) for the 202 electric meters for which 15‐minute interval data were not obtained was added
to the Coincident Peak Electric Demand of the 119 meters for which 15‐minute interval data were compiled to
estimate IRWD’s total Annual Coincident Peak Demand.
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As presented in Table B.2 with red bold italicized text, IRWD’s annual Coincident Peak Demand
for the 119 meters for which 15‐minute interval data were compiled was 18,912 kW on August
20, 2015 at 45 minutes past midnight.5 On this same day, the non‐coincident peak was
22,513 kW – an additional 3,601 kW (19% more).
Adding NCPs of the remaining 202 meters for which 15‐minute interval data were not used
results in an estimated Annual Coincident Peak (CP) of 22,634 kW for IRWD overall.
Figures B‐1 and B‐2 on the next and subsequent page show the contribution by type of facility
to IRWD’s 15‐minute electric profile on its monthly peak days for one winter month, February
2015, and one summer month, August 2015. The peak day in August is also IRWD’s peak annual
electric day (August 20, 2015).
IRWD’s Coincident vs. Non‐Coincident Peak Demand for a Winter Month (February 2015)
As presented in Figure B.1 on the next page, IRWD’s 15‐minute electric use during a winter day
in February is characterized by a fairly flat load shape. This occurs because there is presently no
“peak time‐of‐use” rate premiums during winter months.

5

IRWD’s coincident electric load typically peaks during “off‐peak” hours:
 Ten of the 12 monthly peaks occurred between 10:00 p.m. and 6:00 a.m. when electric rates are very low.
 Two monthly peaks occurred between 10:00 a.m. and 1:00 p.m. (February and March respectively), but there
are no rate premiums for mid‐day time periods during these winter months.

SCE‐IRWD WATER‐ENERGY PILOT, PHASE 1 REPORT
Final Report March 14, 2017 – Appendix B

Page B‐5

Figure B‐1. Monthly Peak Day in February 2015

The red line show the amount of demand that IRWD was billed for during the month of
February 2015. The billed demand that includes the 202 very small metered loads that
collectively accounted for less than 0.5% of IRWD’s total annual electric energy purchases from
SCE (kWh) was only 377 kW more (2.7%) than the monthly Coincident Peak demand
(13,939 kW) of the 119 meters used in the compilation of 15‐minute electric demand.
IRWD’s Coincident vs. Non‐Coincident Peak Demand for a Summer Month (August 2015)
As can be seen in Figure B‐2 on the next page, IRWD’s electric profile for a summer weekday in
August is markedly different than for a winter weekday in February. Specifically a summer
weekday is distinguished by a very noticeable “trench” (low electric use) during SCE’s highest
priced time period, Noon to 6:00 p.m. on summer weekdays.
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Figure B‐2. Monthly Peak Day in August 2015

The diurnal load shape of IRWD’s peak day (August 20, 2015, a Thursday) is typical of IRWD’s
operations during on‐peak hours (Noon‐6:00 p.m. on summer weekdays) when both energy
(kWh) and demand (kW) are priced very high. Summer on‐peak hours are presently the most
expensive time to purchase electricity. During these periods, IRWD shifts as much of its electric
use to other, lower cost time periods.6
The dotted blue line shows the maximum electric demand by August time period of all 119
electric meters that were used to develop the 24 hour load profile. During the month of August,
IRWD’s maximum electric demand was only 10,943 kW during on‐peak periods (Noon to 6:00
p.m.). IRWD successfully deferred as much of its electric demand as possible to low priced off‐
peak hours. In fact, off‐peak electric demand was more than twice IRWD’s electric use during
on‐peak periods. Note that the annual peak demand occurred at 00:45 hours, off‐peak.
The red line at the top of the figure represents the maximum electric demand used by all 321
IRWD sites that purchased electricity from SCE during 2015.

6

Under current SCE tariffs, the lowest priced periods (off‐peak) are weekdays: 11:00 p.m. to 8:00 a.m., and all day
weekends and holidays. Weekday hours between 8:00 a.m. and Noon, and 6:00 p.m. to 11:00 p.m., are considered
“mid‐peak”: priced higher than off‐peak, but still much less than the six on‐peak hours.
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IRWD staff conscientiously manages the District's systems and operations in a manner that
minimizes purchases of high cost electric resources to the greatest extent possible. The visible
trench on the diurnal curves of facilities that are subject to these very high cost time periods
attest to the staff’s success.
Contribution to IRWD’s Annual Peak Electric Day by Facility Type
Table B‐3 and Figure B‐3 show the relative amount of power (kWh and kW) used by the various
types of IRWD facilities on IRWD’s annual peak day, August 20, 2015.
Table B‐3 below shows the relative contribution to both energy (kWh) and electric demand
(kW) by each of the 17 types of facilities that were used to develop IRWD’s 15‐minute electric
load profiles. The contribution by type of facility is shown in order of greatest to smallest
contribution to IRWD’s annual Coincident Peak Electric Demand (kW).
Table B‐3. Electric Requirements by Type of Facility on IRWD’s Annual Peak Electric Day

Facility Code
DRWF
DW Pump
MWRP
RW Pump
DATS
LAWRP
DW & RW Pump
RW
IDP
RW Well
Well 21&22
Offices
Collections Lift Station
DW
ILP Untreated
DW Well
NTS

Type of Facility
Dyer Road Well Field
Drinking Water Pumps
Michelson Water Recycling Plant
Recycled Water Pumps
Deep Aquifer Treatment System
Los Alisos Water Recycling Plant
Drinking Water & Recycled Water Pumps
Recycled Water
Irvine Desalter Project
Recycled Water Wells
Wells 21 & 22
Office Buildings
Wastewater Collection Lift Stations
Drinking Water
Irvine Lake Pipeline Untreated Water
Drinking Water Wells
Natural Treatment System
Total Electric Peak Day Electric Requirements

Energy (kWh)

Demand (kW)

73,633
58,921
82,762
32,749
26,012
23,068
8,613
11,467
11,601
11,073
10,055
3,831
2,385
382
315
377
7
357,251

4,078
3,731
3,494
2,481
1,120
1,024
583
557
538
480
424
244
114
16
13
13
1
18,912

Figure B‐3 on the next page depicts the relative contributions of each type of facility separately
for energy (kWh) vs. demand (kW).
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Figure B‐3. Contribution of IRWD Facilities and Systems to CY2015 Electric Peak Demand Day
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In General:


Facilities that contributed proportionately more to electric demand (kW) than to energy use
(kWh) (e.g., DRWF, DW Pumps and RW Pumps) have lower load factors;



Facilities that contributed proportionately more to energy use (kWh) than to electric
demand (kW) (e.g., MWRP, LAWRP and DATS) have higher load factors.

Electric Load Profiles for Select Facility Types
A strong understanding of IRWD’s 15‐minute electric requirements is needed to support
identification, evaluation and ranking of candidate projects during Phase 2 of the SCE‐IRWD WE
Pilot. Table B‐4 presents six facility groups that contributed more than 1,000 kW to IRWD’s
Annual Coincident Peak Demand, accounting for 15,928 kW (84%) of the Annual Coincident
Peak of 18,912 kW. These six facility groups also accounted for 83% of the total energy (kWh)
used on that day.
Table B‐4. Contribution of Six Facility Groups to IRWD’s Electric Requirements on Its Coincident Peak
Day
Facility Type
DRWF
Dyer Road Well Field
DW Pump
Drinking Water Pumps
MWRP
Michelson Water Recycling Plant
LAWRP
Los Alisos Water Recycling Plant
RW Pump
Recycled Water Pumps
DATS
Deep Aquifer Treatment System
Total Electric Demand (kW) and Energy (kWh) of 6 Facility Types
Total Annual Coincident Peak Demand Day
% Contributed by These 6 Facility Types

Electric Demand (kW)
4,078
3,731
3,494
1,024
2,481
1,120
15,928
18,912
84%

Energy (kWh)
73,615
58,921
82,762
23,068
32,749
26,012
297,127
357,233
83%

The electric load profiles for each of the above types of facilities are described in the rest of this
appendix.
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Dyer Road Well Field (DRWF)
Facility Description
Dyer Road Well Field (DRWF) is a major source of IRWD’s groundwater supplies. In 2015, IRWD
obtained about 56% of its water supply from groundwater and about 58% of IRWD’s total
groundwater supply during that year was pumped from the Dyer Road Well Field.
DRWF is comprised of 16 wells (not including DRWF‐8 & DRWF‐9 associated with the Deep
Aquifer System, DATS) that draw water from the Orange County Groundwater Basin. DWRF
pumping is limited by agreement to an annual yield of 28,000 acre‐feet.
Sites Included in Coincident Peak Demand Analysis
Thirty one metered sites are associated with the DRWF. Of these, 22 meters accounted for
99.92% of DRWF’s electric energy (kWh) during CY2015, and 99.98% of its electric demand
(kW). Table B‐5 below lists the 22 sites that were used to compile DRWF’s 15‐minute electric
load profile.
Table B‐5. DRWF Sites Included in Coincident Peak Demand Analysis
# of Interval
Meters

22

SCE Service
Account Nbrs.
293611
739415
763215
771996
1030297
1573123
1679845
1768919
2938557
8789293
11771049
11950348
12052451
12173980
13147321
13147322
14452157
14570911
17877936
18288344
20660948
25359479

Facility Name
DRWF 18
DRWF 2
DRWF Well 1
DRWF - Primary Disinfection Facility
DRWF Mainline Valve
DRWF 13
DRWF 14
DRWF 11
DRWF 15
DRWF 6
DRWF10
DRWF 17
DRWF 10
DRWF 3
DRWF 3
DRWF 17
DRWF Primary Disinfection Station
DRWF 16
DRWF 5
DRWF - Well 7
54" Pipeline Dewater Station
DRWF 12
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Site Locations
2302 S RAITT, Santa Ana
500 W ALTON AVE, Santa Ana
1801 W SEGERSTROM, Santa Ana
1000 W HEMLOCK, Santa Ana
2040 3/4 E DYER RD, Santa Ana
2830 S FAIRVIEW ST, Santa Ana
2922 W WARNER AVE, Santa Ana
2300 W SEGERSTROM, Santa Ana
2512 W WARNER AVE, Santa Ana
2500 1/2 S GARNSEY ST, Santa Ana
3202 W WARNER AVE, Santa Ana
2114 S ANNE ST, Santa Ana
3302 W WARNER AVE, Santa Ana
629 EMMETT ST, Santa Ana
629 EMMETT ST, Santa Ana
2114 S ANNE ST, Santa Ana
2915 HALLADAY ST, Santa Ana
2510 S SUSAN ST, Santa Ana
2619 S CYPRESS CONT, Santa Ana
3232 1/2 S GREENVILLE ST, Santa Ana
1409 3/4 SEGERSTROM, Santa Ana
3000 W HARVARD ST, Santa Ana
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Monthly and Annual Electric Requirements
Table B‐6 below documents the monthly energy (kWh) and peak electric demand (kW) used by
the 22 metered DRWF sites. The following are noted:


Annual electric consumption for these 22 sites totaled 20,457,360 kWh. Annual Coincident
Peak Demand of 4,384 kW occurred on June 10, 2015 (a Wednesday) at 10:30 p.m. (off‐
peak). The average annual load factor was 53.3%.



Monthly Coincident Peak Demand ranged from a low of 2,674 kW (January) to a high of
4,384 kW (June). Monthly average load factors ranged from a low of 50.2% (February) to a
high of 81.9% (November).



Monthly Coincident Peak Demands occurred during low priced off‐peak hours (between
9:00 p.m. and 8:00 a.m.) during 8 of the 12 months. Monthly Coincident Peak Demands for
4 winter months occurred during mid‐peak hours.

Table B‐6. DRWF Monthly Electric Consumption (kWh) and Peak Electric Demand (kW)
Month
January
February
March
April
May
June
July
August
September
October
November
December
Annual Recap

DRWF MONTHLY ELECTRIC REQUIREMENTS AND MONTHLY PEAK DAYS/TIMES
Total kWh
Max kW
LF%
Date
Day of Week
1,348,458
2,674
67.8%
1/14/2015
Wednesday
1,096,350
3,251
50.2%
2/11/2015
Wednesday
1,214,188
2,917
55.9%
3/11/2015
Wednesday
1,368,655
2,707
70.2%
4/15/2015
Wednesday
1,686,906
3,069
73.9%
5/19/2015
Tuesday
2,328,103
4,384
73.7%
6/10/2015
Wednesday
2,001,572
4,321
62.3%
7/31/2015
Friday
2,287,390
4,306
71.4%
8/1/2015
Saturday
2,043,359
4,176
68.0%
9/25/2015
Friday
1,973,981
3,902
68.0%
10/1/2015
Thursday
1,717,550
2,912
81.9%
11/2/2015
Monday
1,390,848
3,043
61.4%
12/30/2015
Wednesday
20,457,360
4,384
53.3%
CY2015 Electric Requirements

Time
07:45
10:45
08:00
14:30
09:30
20:30
21:00
00:15
21:00
07:00
10:15
00:00

Note: The yellow highlighted row indicates the annual peak day and time for this group of facilities.

Diurnal Electric Load Profile
DRWF is a significant energy user, contributing 4,078 kW to IRWD’s Annual Coincident Peak
Demand. All but three pumps are operated off‐peak during high cost summer peak pricing.
Three pumps are operated 24/7, accounting for the 1,100‐1,400 kW minimum load during both
summer and winter months as shown in Figures B‐4 and B‐5 on the next page.
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Figure B‐4. DRWF Electric Load Profile for All Days in February 2015 (Winter)

Figure B‐5. DWRF Electric Load Profile for All Days in August 2015 (Summer)
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Figure B‐6 depicts DRWF’s August 2015 electric requirements for weekdays only, highlighting
the dramatic trench during the highest priced electric time period, Noon to 6:00 p.m. on
summer weekdays.

Figure B‐6. DRWF Electric Load Profile, Weekdays Only During August 2015 (Summer)
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Figure B‐7 below illustrates DRWF’s fairly
steep load duration curve. The curve indicates
that DRWF could reduce its Annual Coincident
Peak Demand:


By nearly 600 kW (13.7%) if it could have
developed preferred energy resources
(and/or employed other strategies, such as
changing operations) that enabled capping
demand at 3,785 kW during the 876 hours
of the year (10% of the time) when electric
demand exceeded that level.



DRWF’s Annual Coincident Peak Demand
could have been reduced even further, by
as much as 1,676 kW (38.2%), if measures
could have been implemented to enable
IRWD to cap its DRWF Coincident Peak
Demand at 2,708 kW during the 25% of
the time (2,190 hours per year) when
DRWF exceeded that level.

Load Duration Curve
A load duration curve shows the number of
hours or percentage of time that electric
power was needed at various levels. The
curve is prepared by sorting electric demand
for every hour of the year, month or other
time period (or in the case of the IRWD
analyses, at 15 minute intervals) in declining
order - from largest to smallest. The slope of
the curve helps to identify potential
opportunities to reduce the amount of electric
capacity needed to support any particular
load by reducing peak electric demand. A
load duration curve can be created for a
specific piece of equipment, a system within a
facility, an entire facility, or groups of
equipment, systems and facilities.

Figure B‐7. DRWF’s Load Duration Curve During CY2015

SCE‐IRWD WATER‐ENERGY PILOT, PHASE 1 REPORT
Final Report March 14, 2017 – Appendix B

Page B‐15

The change in slope of DRWF’s load duration curve during the highest 25% of the hours (i.e., at
the 25% “Exceedance” level) indicates that there may be multiple cost‐effective strategies for
reducing peak electric demand within this segment of the curve.
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Drinking Water (Potable) Pumps (DW Pump)
Facility Description
DW Pumps are comprised of 34 potable water pump stations. The facilities within this group
have diverse diurnal load profiles.
Sites Included in Coincident Peak Demand Analysis
Thirty three (33) of the largest pump stations accounting for 99.84% of the total electric use
(kWh) by this facility group during CY2015 were included in the analysis of IRWD’s 15‐minute
electric requirements. The 33 pump stations that were included are listed in Table B‐7 below.7
Table B‐7. DW Pump Sites Included in Coincident Peak Demand Analysis
# of Interval
Meters

SCE Service
Account Nbrs.
374664
629236
1116202
1281484
1369409
1573140
1751280
1875635
3742549
5391970
9827633

33

9981860
11625674
19766506
19766571
19766582
19766598
21545086
22319269
23091012
23266080
28048702

Facility Name
Foothill Zone 6-A Pump Station
Coastal Zone 2 Pump Station
East Irvine Zone 3 Pump Station
Coastal Zone 4 Pump Station
Turtle Rock Zone 4 BPS
Bonita/Culver PRV
East Irvine Zone 4 Pump Station
Coastal Zone 6 Pump Station
OC- 63 Coastal Zone 4 Pump
Station
Turtle Rock Zone 3 Pump Station
Portola Zone 8 Pump Station
Tustin Ranch Zone 1-3 Pump
Station
Foothilll Zone 6 Pump Station
LF Zone 2 (West) Pump Station
Zone 3 #1 Pump Station
LF Zone 2 (East) Pump Station
Zone 3 (West) Pump Station
Shady Canyon Pump Station
Crystal Cove Zone 2-4 Pump
Station
Quail Hill Zone 4 Pump Station
Tustin Ranch Zone 3-5 Pump
Station
Fleming Reservoir & Pump Station

Site Locations
18974 BAKE PKWY, Foothill Ranch
23074 NEWPORT COAST DR, Newport Beach
13826 SAND CANYON, Irvine
22433 NEWPORT COAST DR, Newport Beach
13 1/2 MINARET, Irvine
BONITACYN/CULVER PMP, Irvine
13497 ALTON, Irvine
21474 VISTA RIDGE, Newport Beach
4975 BONITA CANYON B, Irvine
5380 1/2 UNIVERSITY DR, Irvine
27841 GLENN RANCH ROAD, Foothill Ranch
12446 JAMBOREE, Irvine
21515 MAGAZINE ROAD, Irvine
25409 TRABUCO RD, Lake Forest
20696 REGENCY LANE, Lake Forest
22251 BYRON WAY, Lake Forest
26001 DIMENSION, Lake Forest
88 1/2 SHADY CANYON DR, Irvine
8043 WHALERS BLUFF, Newport Coast
17500 1/2 PINE NEEDLES, Irvine
10604 1/2 JAMBOREE, Tustin
1 SILVERADO BLACKSTAR, Silverado

7

Northwood Booster II (SCE Service Account Number 1573126) was not included in the 15‐minute electric load
profile analysis. This site used 25,876 kWh during CY2015.
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# of Interval
Meters

SCE Service
Account Nbrs.
28048722
28048749
28048786
28048832
28048891
28049172
28305324
29138686

Facility Name

Site Locations

Fleming Pump Station Phase 3
Cabinland Pump Station
Shaw Pump Station
Manning Pump Station
Santiago Hills Pump Station
Williams Canyon Pump Station
Tomato Springs Zone 3-4 Pump
Station
Portola Springs Zone 6 & D & Zone
4 & C Reservoir

7431 SANTIAGO CANYON RD, Silverado
28396 SILVERADO CANYON RD, Silverado
28934 SILVERADO CANYON ROAD, Silverado
MOJESKA CANYON/SANTIAGO, Modjeska
1802 SANTIAGO CANYON, Orange
27600 WILLIAMS CANYON, Silverado
6650 PORTOLA, Irvine

31486955

Portola Zone 9 Pump Station

31687631
43204644

OPA Hi Top Pump Station
Hidden Hills Pump Station

7501 1/2 PORTOLA, Irvine
18967 SADDLEBACK RANCH RD, Trabuco
Canyon
10563 HI TOP LANE, Orange
8250 1/4 LAKE FOREST, Irvine

Monthly and Annual Electric Requirements Monthly and Annual Electric Requirements
Table B‐8 documents the monthly energy (kWh) and peak electric demand (kW) used by the 33
DW Pump sites that accounted for 99.84% of the energy used by this facility group during
CY2015.
Table B‐8. DW Pumps Monthly Electric Consumption (kWh) and Peak Electric Demand (kW)
Month
January
February
March
April
May
June
July
August
September
October
November
December
Annual Recap

Total kWh
1,024,223
882,482
970,364
1,145,407
1,217,803
1,609,134
1,439,578
1,615,124
1,386,493
1,371,732
1,199,002
911,370
14,772,711

DW PUMPS PEAK DAYS/TIMES
Max kW
LF%
Date
Day of Week
2,992
46.0%
1/2/2015
Friday
3,082
42.6%
2/3/2015
Tuesday
2,744
47.5%
3/22/2015
Sunday
3,269
48.7%
4/7/2015
Tuesday
3,302
49.6%
5/28/2015
Thursday
4,000
55.9%
6/11/2015
Thursday
3,773
51.3%
7/10/2015
Friday
3,983
54.5%
8/14/2015
Friday
3,776
51.0%
9/8/2015
Tuesday
3,390
54.4%
10/1/2015
Thursday
3,609
46.1%
11/1/2015
Sunday
3,043
40.3%
12/30/2015
Wednesday
4,000
42.2%
CY2015 Electric Requirements

Time
07:15
07:00
08:00
22:30
02:00
03:00
07:00
22:15
06:15
02:15
15:30
00:00

Note: The yellow highlighted row indicates the annual peak day and time for this group of facilities.



Annual electric consumption for these 33 sites totaled 14,772,711 kWh. Annual Coincident
Peak Demand of 4,000 kW occurred on June 11, 2015 (a Thursday) at 3:00 a.m. (off‐peak).
The annual average load factor was 42.2%.
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Monthly Coincident Peak Demand ranged from a low of 2,744 kW (March) to a high of
4,000 kW (June). Monthly average load factors ranged from a low of 40.3% (December) to a
high of 55.9% (June).



Monthly Coincident Peak Demands occurred during low priced off‐peak hours (between
9:00 p.m. and 8:00 a.m. on weekdays, and all day on weekends and holidays) for all 12
months.

Diurnal Electric Load Profile
As shown in Figure B‐8 below, during winter periods, when SCE’s electric tariffs do not assess a
rate premium for operating on weekdays during Noon to 6:00 p.m., electric requirements do
not exhibit a single diurnal pattern.

Figure B‐8. DW Pumps Electric Load Profile for All Days in February 2015 (Winter)

Figures B‐9 and B‐10 on the next page show that electric requirements for this group drop
significantly during high priced summer on‐peak periods (Noon to 6:00 p.m.). Figure B‐9
depicts the daily electric load profile for all days in August 2015 (summer); Figure B‐10 shows
the impact of on‐peak price signals during summer weekdays.
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Figure B‐9. DW Pumps Electric Load Profile for All Days in August 2015 (Summer)

Again, the dramatically distinct diurnal pattern during Noon to 6:00 p.m. on summer weekdays
when electric prices are highest is evident in Figure B‐10 below. This pattern of electric use
evidences IRWD staff’s conscientious operations that minimize costs of purchased electricity.
(Weekends are not scheduled in the same manner as weekdays, since there are no electric rate
premiums during noon to 6:00 p.m. on weekends.)

Figure B‐10. DW Pumps Electric Load Profile for Weekdays in August 2015 (Summer)
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The DW Pumps facility group appears to have significant opportunities to reduce its Annual
Coincident Peak Demand.


The load duration curve in Figure B‐11 below illustrates that Annual Coincident Peak
Demand could be reduced by 505 kW (12.6%) if preferred energy resources, systems or
operational changes, or other measures could cap the demand at 3,495 kW for 146 hours of
the year (1.7% of the time).



Annual Coincident Peak Demand could be reduced by 1,171 kW (29.3%) if the Annual
Coincident Peak Demand could be capped at 2,829 kW during the 10% of the time (876
hours) that the Annual Coincident Peak Demand exceeded that level.



Annual Coincident Peak Demand could be reduced an additional 535 kW (a total of 1,706
kW, 42.7%) if Annual Coincident Peak Demand could be capped at 2,294 kW during 2,190
hours (25% of the time).

The change in slope of the load duration curve that occurs around a 10% exceedance level is
indicative of potentially cost‐effective opportunities to reduce peak electric demand.

Figure B‐11. DW Pumps’ Load Duration Curve (CY2015)
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Michelson Water Recycling Plant (MWRP)
Facility Description
MWRP began providing sewage treatment services in 1963. In 1967, MWRP began delivering
2 million gallons per day (mgd) of tertiary‐treated recycled water to agricultural users. Since
that time, the plant has been expanded several times to increase treatment capacity, enabling
increased production of recycled water to reduce use of potable water for non‐potable uses.
By 2008, MWRP's capacity had grown to 18 mgd. An additional 10 mgd in capacity was brought
online in early 2016. The balance of additional capacity needed to meet projected sewage and
recycled water demand of 33 mgd by 2025.
MWRP is also the site of a new biosolids handling facility that will produce biogas and
renewable energy using advanced micro turbines. The biosolids facility is scheduled to be
placed in‐service by 2017.
Sites Included in Coincident Peak Demand Analysis
MWRP’s electrical use is metered at a single location (SCE Service Account Number 1573133)
and is used for several different purposes. As presented in Table B‐9, these uses include water
treatment, the operations building, the San Joaquin Marsh and the Recycled Water pumps. The
meter was used in compiling MWRP’s 15‐minute electric load profile.
Table B‐9. MWRP Submeters
Function

Submetered (%)(CY2014)

Water Treatment
Operations Building
Recycled Water Pumping
Natural Treatment Systems (San Joaquin Marsh)
Total

46
11
33
10
100
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Monthly and Annual Electric Requirements
Table B‐10 documents MWRP’s monthly energy (kWh) and peak electric demand (kW) during
CY2015.
Table B‐10. MWRP’s Monthly Electric Consumption (kWh) and Peak Electric Demand (kW)
Month
January
February
March
April
May
June
July
August
September
October
November
December
Annual Recap

Total kWh
2,340,938
2,153,640
2,431,140
2,241,007
2,390,254
2,338,754
2,491,090
2,659,231
2,526,449
2,583,919
2,402,458
2,307,559
28,866,439

MWRP PEAK DAYS/TIMES
Max kW
LF%
Date
Day of Week
3,888.0
80.9%
1/12/2015
Monday
3,936.0
81.4%
2/17/2015
Tuesday
4,368.0
74.8%
3/9/2015
Monday
3,801.6
81.9%
4/19/2015
Sunday
4,080.0
78.7%
5/26/2015
Tuesday
4,147.2
78.3%
6/9/2015
Tuesday
4,185.6
80.0%
7/20/2015
Monday
4,310.4
82.9%
8/7/2015
Friday
4,243.2
82.7%
9/9/2015
Wednesday
4,233.6
82.0%
10/14/2015
Wednesday
4,070.4
82.0%
11/30/2015
Monday
4,137.6
75.0%
12/14/2015
Monday
4,368.0
75.4% CY2015 Electric Requirements

Time
16:30
13:30
21:15
20:15
11:15
10:15
10:00
20:45
06:00
11:15
08:00
08:30

Note: The yellow highlighted row indicates the annual peak day and time for this multi-purpose facility.



Annual electric consumption totaled 28,866,439 kWh. Annual Coincident Peak Demand of
4,368 kW occurred on March 9, 2015 (a Monday) at 9:15 p.m. (off‐peak). The average
annual load factor was 75.4%.



Monthly Coincident Peak Demand ranged from a low of 3,801.6 kW (April) to a high of
4,368 kW (March). Monthly average load factors ranged from a low of 74.8% (March) to a
high of 82.9% (August).



Monthly Coincident Peak Demands occurred during low priced off‐peak hours (between
9:00 p.m. and 8:00 a.m. on weekdays, and all day on weekends and holidays) during 4 of the
12 months. The remaining 8 Monthly Coincident Peak Demands occurred during mid‐peak
hours.

IRWD submeters MWRP’s electric use to identify the amount of electricity needed to support
four different types of functions.
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Diurnal Electric Load Profile
MWRP has a fairly high load factor, reflecting its 24/7 operations. As a consequence, as shown
in Figures B‐ 12 below and B‐13 on the next page (for February and August, respectively),
MWRP’s daily electric load profile does not vary as much between winter and summer months,
except that electric demand appears to be higher during summer.

Figure B‐12. MWRP’s Electric Load Profile for All Days in February 2015 (Winter)

The distinctive diurnal “trench” during Noon to 6:00 p.m. on weekdays that was seen for
DRWF and DW Pumps does not occur for 24/7 loads such as MWRP.
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Figure B‐13. MWRP’s Electric Load Profile for All Days in August 2015 (Summer)

Figure B‐14. MWRP’s Load Duration Curve (CY2015)
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MWRP’s load duration curve is relatively flat, reflecting its fairly high load factor. However,
Figure B‐14 indicates that MWRP’s Annual Electric Demand has a steep curve during the highest
1% of the hours of the year, indicating potential for cost‐effective peak shaving opportunities.


MWRP could have reduced its CY2015 Annual Peak by 432 kW (9.9%) if it could have
implemented preferred energy resources and/or other measures (e.g., operational or
system changes) that enabled capping peak demand at 3,936 kW during the 82 hours of the
year (< 1% of the time) when demand exceeded that amount.



To cap its maximum demand at 3,658 kW, a reduction of 710 kW (16.3%), MWRP would
have been needed to implement preferred energy resources and/or other measures during
876 hours (10% of the time).



Electric demand could have been reduced an additional 154 kW (a total reduction of 864
kW, 19.8%) if electric demand could have been capped at 3,504 kW. In order to achieve that
level of demand reduction, measures would have needed to be implemented 25% of the
time (2,190 hours). However, the last increment of demand reduction (154 kW) would likely
have been more costly to achieve, since it would have required capping maximum demand
an additional 15% of the time (1,314 hours) to achieve only a 3.5% additional reduction in
electric demand.

The change in slope of the load duration curve that occurs at about the 1% exceedance limit
indicates there are potentially cost‐effective opportunities for peak shaving, load shifting,
energy storage, and other preferred energy resource strategies.
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Los Alisos Water Recycling Plant (LAWRP)
Facility Description
The Los Alisos Water Recycling Plant has been operating since 1964. Since that time, it has
undergone several upgrades as newer technology was developed.
In 2007, IRWD upgraded portions of the Los Alisos plant with new technologies and process
improvements. Upgrades included the addition of a new disinfection facility, a pumping station,
a sodium hypochlorite building, and various pipelines. These upgrades increased secondary
treatment capacity to 7.5 mgd and tertiary treatment capacity to 5.5 mgd.
Sites Included in Coincident Peak Demand Analysis
One meter (SCE Service Account Number 172862) records all of LAWRP’s electric use. These uses
include water treatment, recycled water pumping and pumping to the Aliso Creek outfall.
Table B‐11 LAWRP Submeters
Function
Water Treatment
Recycled Water Pumping
Pumping to Aliso Creek Outfall
Total

Submetered (%) (CY2015)
75
16
8
100

Monthly and Annual Electric Requirements
Table B‐12 documents LAWRP’s monthly energy (kWh) and peak electric demand (kW) during
CY2015.
Table B‐12. LAWRP’s Monthly Electric Consumption (kWh) and Peak Electric Demand (kW)
Month
January
February
March
April
May
June
July
August
September
October
November
December
Annual Recap

Total kWh
617,968
582,400
658,240
657,836
684,944
678,364
697,728
710,728
664,296
634,096
587,300
583,024
7,756,924

MWRP PEAK DAYS/TIMES
Max kW
LF%
Date
Day of Week
1,024.0
81.1%
1/25/2015
Sunday
1,088.0
79.7%
2/23/2015
Monday
1,184.0
74.7%
3/20/2015
Friday
1,232.0
74.2%
4/14/2015
Tuesday
1,168.0
78.8%
5/29/2015
Friday
1,152.0
81.8%
6/2/2015
Tuesday
1,120.0
83.7%
7/7/2015
Tuesday
1,056.0
90.5%
8/18/2015
Tuesday
1,056.0
87.4%
9/24/2015
Thursday
1,056.0
80.7%
10/9/2015
Friday
1,040.0
78.4%
11/25/2015
Wednesday
1,056.0
74.2%
12/8/2015
Tuesday
1,232.0
71.9% CY2015 Electric Requirements

Time
04:30
11:45
16:15
10:30
14:15
09:15
11:15
11:00
07:30
11:00
06:45
11:15

Note: The yellow highlighted row indicates the annual peak day and time for this multi-purpose facility.
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Annual electric consumption totaled 7,756,924 kWh. Annual Coincident Peak Demand of
1,232 kW occurred on April 14, 2015 (a Tuesday) at 10:30 a.m. (mid‐peak). The average
annual load factor was 71.9%.



Monthly Coincident Peak Demand ranged from a low of 1,024 kW (January) to a high of
1,232 kW (April). Monthly average load factors ranged from a low of 74.2% (April) to a high
of 90.5% (August).



Monthly Coincident Peak Demands occurred during mid‐peak hours during 11 months.
January’s Coincident Peak Demand occurred on a Sunday (off‐peak).

Diurnal Electric Load Profile
LAWRP exhibits a typical 24/7 treatment plant electric load profile, with minimal variance
between low and high electric demands (kW) during the day. LAWRP has a fairly high load
factor.
Like MWRP, LAWRP’s 15‐minute electric load profile does not vary much between summer and
winter months (see Figure B‐15 below, and Figure B‐16 on the next page).

Figure B‐15. LAWRP’s Electric Load Profile for All Days in February 2015 (Winter)
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Figure B‐16. LAWRP’s Electric Load Profile for All Days in August 2015 (Summer)

Figure B‐17 below depicts LAWRP’s fairly flat load duration curve.

Figure B‐17. LAWRP’s Load Duration Curve (CY2015)
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LAWRP’s load duration curve shows that LAWRP’s Annual Electric Demand has a change in
slope at about 3% of the hours of the year.


LAWRP could have reduced its CY2015 Annual Peak by 112 kW (9%) if it could have
implemented preferred energy resources and/or other measures (e.g., operational or
system changes) that enabled capping peak demand at 1,120 kW during the 45 hours of the
year (0.5% of the time) that demand exceeded that amount.



To cap its maximum demand at 1,056 kW (a reduction of 176 kW, 14.3%), LAWRP would
have needed to implement preferred energy resources and/or other measures during 238
hours (2.7% of the time).



Electric demand could have been reduced to 1,008 kW (a total reduction of 224 kW, 18.2%),
but measures would have been needed 10% of the time (876 hours).



An additional reduction of 48 kW (3.9%) to a cap of 960 kW could potentially have been
achieved by implementing measures during an additional 15% of the time (1,314 hours),
resulting in a total reduction in Annual Peak Electric Demand of 272 kW (22.1%) with
measures implemented 25% of the time (2,190 hours). However, that last increment of
demand reduction (48 kW) would likely have been more costly to achieve, since it would
have required capping maximum demand an additional 15% of the time (1,314 hours) to
achieve only a 3.9% additional reduction in electric demand.
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Recycled Water Pumps (RW Pumps)
Facility Description
Recycled Water Pumps are comprised of pump stations that deliver recycled water to end users
(customers).
Sites Included in Coincident Peak Demand Analysis
There are 9 recycled water pump stations. Fifteen‐minute interval data were compiled for all
nine of the pump stations. The pump stations are listed in Table B‐13 below.
Table B‐13. RW Pumps Included in Coincident Peak Demand Analysis
# of Interval
Meters

9

Service
Account
Nbrs.
1573161
3180640
4412044
8169712
19774792
25032574
31662227
38915117
39933543

Facility Name
East Irvine Zone B Pump Station
Costal Zone D Pump Station
Turtle Rock Zone B Pump Station
Coastal G Pump Station
LF Zone C Pump station
San Joaquin Zone B Pump Station
Zone B Pump Station
Sand Canyon Zone A Facilities
Bee Canyon Pump Station

Site Locations
6747 IRVINE CENTER DRIV, Irvine
4975 BONITA CANYON A, Irvine
11 STRAWBERRY FARM RD, Irvine
20544 NEWPORT COAST, Newport Beach
20696 REGENCY, Lake Forest
2500 FORD, Newport Beach
21084 WISTERIA, Lake Forest
11 1/4 STRAWBERRY FARM, Irvine
5800 1/2 PORTOLA PKWY ½, Irvine

Monthly and Annual Electric Requirements
The monthly peak days and times for these RW Pumps during CY2015 are shown below.
Table B‐14. RW Pumps Monthly Electric Consumption (kWh) and Peak Electric Demand (kW)
Month
January
February
March
April
May
June
July
August
September
October
November
December

Total kWh
403,427
350,163
508,061
583,611
559,904
657,713
649,870
819,444
640,585
562,449
426,020
264,053
6,425,300

RW PUMPS PEAK DAYS/TIMES
Max kW
LF%
Date
Day of Week
1,486
36.5%
1/5/2015
Monday
1,428
36.5%
2/13/2015
Friday
1,842
37.1%
3/30/2015
Monday
1,933
41.9%
4/6/2015
Monday
1,757
42.8%
5/29/2015
Friday
2,012
45.4%
6/26/2015
Friday
2,005
43.6%
7/3/2015
Friday
2,488
44.3%
8/21/2015
Friday
2,090
42.6%
9/4/2015
Friday
2,108
35.9%
10/2/2015
Friday
1,428
41.4%
11/23/2015
Monday
1,198
29.6%
12/4/2015
Friday
2,488
29.5%
CY2015 Electric Requirements

Time
22:00
00:30
01:15
02:00
01:00
02:00
02:00
01:30
02:00
03:00
23:00
01:00

Note: The yellow highlighted row indicates the annual peak day and time for this group of facilities.
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Table B‐14 documents the monthly energy (kWh) and peak electric demand (kW) used by the 9
RW Pump sites.


Annual electric consumption totaled 6,425,300 kWh. Annual Coincident Peak Demand of
2,488 kW occurred on August 21, 2015 (a Friday) at 1:30 a.m. (off‐peak). The average
annual load factor was 29.5%.



Monthly Coincident Peak Demand ranged from a low of 1,198 kW (December) to a high of
2,488 kW (August). Monthly average load factors ranged from a low of 29.6% (December) to
a high of 45.4% (June).



Monthly Coincident Peak Demands occurred during low priced off‐peak hours during all 12
months.

Diurnal Electric Load Profile
As with DW Pumps, RW Pumps exhibit a distinctly different diurnal pattern during summer vs.
winter. Electric requirements drop significantly during high priced summer on‐peak periods
(weekdays from noon to 6:00 p.m., June through September). During winter periods, when
SCE’s electric tariffs do not have a rate penalty for operating during noon to 6:00 p.m. on
weekdays and there is not much difference in the price of a kilowatt‐hour at 8:00 a.m. or at
8:00 p.m., electric requirements do not exhibit a single diurnal pattern.
Figures B‐18 below, and B‐19 and B‐20 on the next page, illustrate the different seasonal
operations of these facilities.
Figure B‐18 shows that there is no distinct diurnal pattern during winter months.

Figure B‐18. RW Pumps Electric Load Profile for All Days in February 2015 (Winter)
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Figure B‐19 shows electric use during all 31 days in August.

Figure B‐19. RW Pumps Electric Load Profile for All Days in August 2015 (Summer)

Figure B‐20 shows the distinct diurnal trench during summer weekdays when as much of the
pumping load as possible is scheduled during low priced off‐peak hours and moderately priced
mid‐peak hours.

Figure B‐20. RW Pumps Electric Load Profile for August 2015 Weekdays Only (Summer)
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Figure B‐21 depicts the annual load duration curve for RW Pumps. The change in slope of this
curve at an exceedance level of about 2% indicates there are opportunities for significant
reductions of Annual Coincident Peak Electric Demand for this facility group.


Electric demand could potentially have been reduced by 560 kW (22.5%) if preferred energy
resources, system and/or operational changes could have been implemented during the
120 hours of the year (1.37% of the time) that demand exceeded 1,928 kW.



Electric demand could have been reduced by 988 kW (39.7%) if Annual Coincident Peak
Demand could have been capped at 1,500 kW during the 10% of the time (876 hours per
year) when electric demand exceeded that level.



Electric demand could have been reduced an additional 360 kW (14.5%) if measures could
have been taken during the additional 1,314 hours of the year when electric demand
exceeded 1,140 kW.

If preferred energy resources and/or other strategies could have been deployed that enabled
capping electric demand at 1,140 kW, Annual Coincident Peak Demand could have been
reduced by 1,348 kW (54.2%).

Figure B‐21. RW Pumps Load Duration Curve (CY2015)
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Deep Aquifer Treatment System (DATS)
Facility Description
IRWD's Deep Aquifer Treatment System (DATS) removes color from the lower aquifer of the
Orange County Groundwater Basin. Although the water from this aquifer is very high in quality,
it was previously unusable because it has a brownish tint imparted from the remains of ancient
vegetation that once populated the area. However, Nano‐filtration technology has made it
possible and cost‐effective to remove the color from this water. The DATS facility went on‐line
in early 2002.
Sites Included in Coincident Peak Demand Analysis
DATS is metered at a single point (SCE Service Account Number 19426944). This meter was
used to prepare the DATS electric load profile.
Monthly and Annual Electric Requirements
Table B‐14 documents the monthly peak days and times for DATS during 2015.
Table B‐14. DATS Monthly Electric Consumption (kWh) and Peak Electric Demand (kW)
Month
January
February
March
April
May
June
July
August
September
October
November
December

Total kWh
795,639
721,475
803,632
776,183
794,468
773,876
827,924
832,330
804,146
811,235
670,716
785,871
9,397,494

DATS MONTHLY PEAK DAYS/TIMES
Max kW
LF%
Date
Day of Week
1,246
85.9%
1/31/2015
Saturday
1,177
91.2%
2/11/2015
Wednesday
1,224
88.2%
3/12/2015
Thursday
1,289
83.6%
4/8/2015
Wednesday
1,238
86.2%
5/8/2015
Friday
1,246
86.3%
6/25/2015
Thursday
1,256
88.6%
7/9/2015
Thursday
1,177
95.0%
8/24/2015
Monday
1,249
89.4%
9/11/2015
Friday
1,202
90.7%
10/17/2015
Saturday
1,213
76.8%
11/3/2015
Tuesday
1,202
87.8%
12/30/2015
Wednesday
1,289
83.2%
CY2015 Electric Requirements

Time
05:15
10:00
07:45
14:45
07:45
07:45
05:45
14:15
07:45
08:30
08:45
08:15

Note: The yellow highlighted row indicates the annual peak day and time for this facility.



Annual electric consumption totaled 9,397,494 kWh. Annual Coincident Peak Demand of
1,289 kW occurred on April 8, 2015 (a Wednesday) at 2:45 p.m. (winter mid‐peak). The
average annual load factor was 83.2%.



Monthly Coincident Peak Demand ranged from a low of 1,177 kW (February and August) to
a high of 1,289 kW (April). Monthly average load factors ranged from a low of 76.8%
(November) to a high of 95.0% (August).
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Monthly Coincident Peak Demands occurred during low priced off‐peak hours (between
9:00 p.m. and 8:00 a.m. on weekdays, and all day on weekends and holidays) during 7 of the
12 months. The remaining 5 Monthly Coincident Peak Demands occurred during mid‐peak
hours.

Diurnal Electric Load Profile
Figures B‐22 (below) and B‐23 (on the next page) for February and August respectively depict
the fairly steady operating pattern of DATS throughout the year. This relatively continuous
operation is a prerequisite to maintain the system’s Nano‐filters and results in a relatively high
electric load factor (83.2% on an average annual basis).

Figure B‐22. DATS Electric Load Profile for All Days in February 2015 (Winter)
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Figure B‐23. DATS Electric Load Profile for All Days in August 2015 (Summer)

Figure B‐24 on the next page depicts DATS’ annual load duration curve for CY2015. The curve is
very flat, indicating that while there are some opportunities to reduce Annual Peak Electric
Demand, measures would need to be implemented during a considerable number of hours per
year to achieve fairly modest reductions in Annual Peak Electric Demand.


However, at the steepest part of the curve (between 1,238 kW and 1,134 kW), demand
could potentially have been reduced by 104 kW (8.4%) if preferred energy resources and/or
other measures could have been implemented during 66 hours (0.75% of the time).



Electric demand could have been reduced by 140 kW (11.3%) if Annual Coincident Peak
Demand could have been capped at 1,098 kW during the 876 hours (10% of the time) when
electric demand exceeded that level.



Electric demand could have been reduced an additional 18 kW (1.5%) if measures could be
taken during the additional 1,314 hours of the year when electric demand exceeded
1,080 kW.

If preferred energy resources and/or other strategies could have been deployed that enabled
capping electric demand at 1,080 kW during the 2,190 hours per year during which demand
exceeds that level, Annual Peak Demand would have been reduced by 158 kW (12.8%).
However, as load reductions approach the flattest parts of the curve, it would become
increasingly difficult to achieve the next increment of demand reductions cost‐effectively.
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Figure B‐24. DATS Annual Load Duration Curve (CY2015)
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APPENDIX C

Conventional Preferred Resources Projects
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Appendix C
Conventional Preferred Resources Projects
This appendix lists IRWD energy projects deemed "Conventional" Preferred Resources ‐ i.e.,
energy efficiency, demand response, clean/renewable distributed generation, and/or energy
storage projects that have been identified and evaluated for potential implementation on
IRWD's property, and that are likely to be both cost‐effective and technically and economically
feasible for IRWD to implement under existing SCE customer energy programs.
These projects will provide valuable electricity benefits ‐ not just for IRWD, but also for the SCE
electric distribution system within south Orange County and for other SCE customers receiving
electric service within this area. Consequently, during Phase 1 of the WE Pilot, these projects
were given special attention by both IRWD and SCE for accelerated development and
implementation. In some cases, SCE provided technical assistance to help IRWD evaluate the
technical feasibility and cost‐effectiveness of these projects; in others, SCE helped to accelerate
development by facilitating IRWD's incentive applications, shepherding interconnection
requests through SCE's internal processes, and helping to simplify IRWD's implementation in
any way possible.
The focus of the WE Pilot between SCE and IRWD is to accelerate development and
implementation of preferred electric resources that can reduce risks of potential disruptions to
electric service within electrically challenged south Orange County, and to avoid or defer
construction of new utility‐scale fossil fuel power plants that may not be needed. The preferred
energy resources accelerated through Phase 1 of the WE Pilot is essential to achieving these
goals.

Summary
Conventional Preferred Resources Projects are listed under two categories:


Approved Conventional Preferred Resources Projects have been approved for
implementation and have either been completed after the WE Pilot Base Year (CY2015)
or are in the process of being completed, and



Planned Conventional Preferred Resources Projects are being considered but have not
yet completed preliminary design and evaluation, and are thus not yet approved for
implementation.
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These projects are summarized in Tables C‐1 and C‐2 on the next page, and described generally
in this appendix. As shown, the approved and planned projects are estimated to provide about
26 million kwh/year of electric savings and a 6,000 kW reduction in peak demand.
Types of Conventional Preferred Energy Resource Projects
Two types of Conventional Preferred Energy Resource Projects are listed and described in this
appendix:


DSM (Demand Side Management) projects entail integrating energy efficiency and/or
demand response features into new or existing systems, facilities, equipment and/or
operations.



DG (Distributed Generation) projects involve producing electricity at the distribution system
level, both behind the meter (i.e., on the customer's side of the meter) or in front of the
meter (i.e., on the utility's side of the meter, the electric distribution system).

Approved Conventional Preferred Resources Projects
Table C‐1 lists six Approved Conventional Preferred
Resources Projects that have been completed or are in
the process of being completed. These projects are
estimated to provide approximately 20 million kWh of
electric savings and a 2,700 kW reduction in peak
demand.
Two of these projects have already been placed in
service (Project #1 MWRP Phase 2 Expansion and
Project #5 Michelson Aeration Blower Overhaul, post‐
installation). However, since all of these projects have
in‐service dates after the WE Pilot Baseline Year (2015),
their estimated electric impacts have been included in
IRWD’s 20‐year future electric forecast (2016‐2035).
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Conventional Preferred
Resources Projects were
already in progress prior to
execution of the SCE‐IRWD
Water‐Energy Pilot (WE Pilot)
Memorandum of
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January 2015. The role of the
WE Pilot with respect to these
projects was to assure that the
projects could be implemented
as quickly as possible.
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Table C.1. Approved Conventional Preferred Resources Projects
Project
Number

Facility
Code

1

MWRP

2

MWRP

3
4

MWRP
MWRP

5

MWRP

6

BWTP

Project Name
Michelson Water Recycling
Plant Phase 2 Expansion
Michelson Biosolids
Microturbines
Michelson Biosolids Facility
GE LEAP Retrofit for MBR
Michelson Aeration Blower
Overhaul (post installation)
Baker Water Treatment
Plant

Project
Type

kWh/yr
Savings

kW Peak
Demand
Reduction

GHG
Emissions
(MTCO2e)

Year
Completed

DSM

5,147,234

587.7

1,184

2016

DG

7,683,300

1,000

1,767

2017

DSM
DSM

3,211,334
663,035

390
125

739
153

2017
2017

DSM

324,232

38

75

2016

DSM

3,393,060

558

780

2017

Totals

20,422,185

2,698.7

4,698

2016-17

Planned Conventional Preferred Resources Projects
Table C‐2 lists five Planned Conventional Preferred Resources Projects that are being considered
but that have not yet completed preliminary design and evaluation, and are thus not yet
approved for implementation. When completed, these five projects are estimated to provide
approximately 5.9 million kWh of electric savings and a 3,370 kW reduction in peak electric
demand.
Table C.2. Planned Conventional Preferred Resources Projects
Project
Number

Facility
Code

Project Name

7
8

BWTP
MWRP
Sand
Canyon
HQ
LAWRP
MWRP

Baker Solar PV
EE Lighting Retrofits
EE
Lighting/HVAC/Controls
Retrofits
EE Lighting Retrofits
MWRP Solar PV

9
10
11

3,162,471
710,844

kW Peak
Demand
Reduction
2,000
167.9

GHG
Emissions
(MTCO2e)
727
163

Year
Completed
(Est.)
2017
2017

DSM

207,961

45.2

48

2017

DSM
DG
Totals

36,294
1,813,677
5,931,247

10.0
1,147
3,370.1

8
417
1,363

2017
2018
2017-18

Project
Type

kWh/yr
Savings

DG
DSM

Although not yet approved, these projects are consistent with the goals of the WE Pilot and
appear to be cost‐effective for IRWD under existing SCE customer programs. In anticipation of
passing initial screens for cost‐effectiveness and technical viability, each of these projects has
been assigned a date when they are expected to be completed. The five projects listed above
are included in IRWD’s 20‐year future electric forecast (2016‐2035).
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A brief description of each project listed in Tables C‐1 and C‐2 follows. In addition, brief case
studies have been provided for two projects that demonstrate how SCE’s technical assistance
and financial incentives helped IRWD cost‐effectively implement energy efficient modifications
to their initial facilities design to reduce IRWD’s future electric consumption and costs.

Approved and Planned WE Pilot Projects
Each Approved and Planned Conventional Preferred Resource Project is expected to be both
cost‐effective, technically feasible and economically viable for IRWD to implement under
existing SCE customer energy programs. Brief descriptions of each follow.
1. Michelson Water Recycling Plant (MWRP) Phase 2 Expansion
PREFERRED RESOURCES SUMMARY
Energy Efficiency

Distributed Generation

Energy Savings

Demand Reduction

Electricity Produced

Electric Capacity

5,147,234 kWh/yr

587.7 kW

n/a

n/a

SCE Incentives
$500,000

Project Description: The MWRP Phase 2 expansion increased plant capacity to 28 MGD by
adding a 10 MGD Membrane Bioreactor (MBR) treatment system to the existing 18 MGD
activated sludge system. The expansion included a new UV disinfection system for the MBR
permeate; a new headworks facility with screening, grit removal, and solids handling
equipment; four new rectangular primary sedimentation tanks and associated sludge and scum
pumping; expanded flow equalization and primary effluent distribution facilities; upgrades to
the existing activated sludge process; a new high‐rate clarifier to polish secondary effluent and
treat backwash return flows from the dual media filters; and upgrades to the chlorine contact
basins. The expansion also included new support facilities: a new odor control facility, chemical
feed systems, stormwater pump stations, and electrical buildings.
Status: The Phase 2 expansion was completed at the end of 2016. Its energy impacts will be
reflected in IRWD's 2016‐2035 electric projections.
SCE Role: Provided both technical assistance and energy incentives totaling $500,000 from its
Savings by Design program.
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2. Project Name: Michelson Biosolids Microturbines
PREFERRED RESOURCES SUMMARY
Energy Efficiency

Distributed Generation

Energy Savings

Demand Reduction

Electricity Produced

Electric Capacity

n/a

n/a

-7,683,300 kWh/yr

-1,000.0 kW

SCE Incentives
$2,172,000

Project Description: The Michelson Biosolids Mictroturbines project will use biogas produced
by the Michelson Biosolids Facility to generate 1,000 kW of renewable electricity using 5 x
200kW advanced microturbines. IRWD anticipates additional biogas may be produced over
time, both through growth in sewage treatment load over time, and potential expansion of a
Fats‐Oils‐Grease (FOG) collection program. Therefore, IRWD has included space for up to 2
additional 200 kW microturbines, bringing the total potential installed capacity to 1,400 kW.
Status: This project is under construction for 5 x 200 kW (1,000 kW) biogas microturbines that
are expected to be placed in service during CY2017.
SCE Role: Incentives totaling $2.172 million were provided from SCE's Self‐Generation Incentive
Program (see Case Study 1 at the end of this appendix).
3. Project Name: Michelson Biosolids Facility
PREFERRED RESOURCES SUMMARY
Energy Efficiency

Distributed Generation

Energy Savings

Demand Reduction

Electricity Produced

Electric Capacity

3,211,334 kWh/yr

390.0 kW

n/a

n/a

SCE Incentives
$328,000

Project Description: The Michelson Biosolids Facility new construction project incorporates
energy efficiency and distributed generation into the design of a new biosolids handling plant to
save energy and effectively process the biosolids. The facility is being constructed next to the
existing Michelson Water Recycling Plant (MWRP) and will process the sludge generated by
MWRP to produce Class A pellets that can be used for fertilizer and biogas for the biogas
microturbines. Case Study 1 at the end of this appendix describes the energy efficient design
elements of this facility and the basis for $328,000 in SCE incentives that were provided to this
project via SCE's Savings by Design program.
Status: Under construction, expected to become operational during 2017.
SCE Role: Provided both technical assistance and energy incentives totaling $328,000 from its
Savings by Design program.
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4. Project Name: GE LEAP Retrofit for MBR
PREFERRED RESOURCES SUMMARY
Energy Efficiency

Distributed Generation

Energy Savings

Demand Reduction

Electricity Produced

Electric Capacity

663,035 kWh/yr

125.1 kW

n/a

n/a

SCE Incentives
$112,028

Project Description: The LEAPmbr Retrofit Project will optimize the existing control strategy on
the MWRP MBR’s air scour blowers by having continuous air flow at significantly lower flow
rates with larger air bubble size. This process increases shear along membrane surface,
reducing fouling and thus lengthening cleaning intervals. By fine tuning the air scour blowers
control strategy with the ECO‐MODE option, only one air scour blower is run throughout the
day even, when a membrane train is in a clean mode. Thus, annual energy savings from the
LEAPmbr with ECO‐MODE are estimated to total about 663,000 kWh. SCE provided an incentive
for this project of $112,028.
Status: This project has been approved by IRWD's Board of Directors and is expected to be
completed during the 2nd Quarter of 2017.
SCE Role: Provided both technical assistance and energy efficiency incentives totaling $112,028
from its RetroCommissioning (RCx) and RCx Maintenance programs.
5. Project Name: Michelson Aeration Blower Overhaul
PREFERRED RESOURCES SUMMARY
Energy Efficiency

Distributed Generation

Energy Savings

Demand Reduction

Electricity Produced

Electric Capacity

324,232 kWh/yr

38.5 kW

n/a

n/a

SCE Incentives
$50,697

Project Description: The conventional activated sludge system at MWRP includes (3) 250 HP
turblex blowers installed in the year 1996 and (2) 500 HP turblex blowers installed in 2010.
These blowers provide outside air (oxygen) to facilitate the activated sludge treatment process.
This wastewater retro‐commissioning (RCx) project overhauled (3) 250 HP and (1) 500 HP
blowers (Blowers #1 through #4) to improve operational efficiency. The overhaul included
gearbox disassembly, inspection of vane geometry, replacing flexible seals, and other related
work.
Status: This project was completed at the end of 2015 so its energy efficiency impacts will be
reflected in IRWD's projected electric requirements for 2016‐2035.
SCE Role: Provided both technical assistance and energy efficiency incentives totaling $50,697
from its RetroCommissioning (RCx) and RCx Maintenance programs.
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6. Baker Water Treatment Plant
PREFERRED RESOURCES SUMMARY
Energy Efficiency

Distributed Generation

Energy Savings

Demand Reduction

Electricity Produced

Electric Capacity

3,393,060 kWh/yr

558 kW

n/a

n/a

SCE Incentives
$320,644

Project Description: The Baker Water Treatment Plant is a 28.1 million gallon per day (MGD)
potable water treatment plant located in the City of Lake Forest. This regional project is owned
by IRWD and provides water treatment to non‐potable water purchased from the Metropolitan
Water District (MWD) to five south Orange County water districts (Irvine Ranch Water District
(IRWD), El Toro Water District (ETWD), Moulton Niguel Water District (MNWD), Santa
Margarita Water District (SMWD) and Trabuco Canyon Water District (TCWD)).
Status: Plant construction began in early 2014 and was completed in late 2016. Its electric
impacts are included in IRWD’s 2016‐2035 electric requirements forecast.
SCE Role: Provided both technical assistance and energy efficiency incentives totaling $320,644
from its Savings by Design program (see Case Study 2 at the end of this appendix).
7. Project Name: Baker Solar PV
PREFERRED RESOURCES SUMMARY
Energy Efficiency

Distributed Generation

Energy Savings

Demand Reduction

Electricity Produced

Electric Capacity

n/a

n/a

3,162,000 kWh/yr

2,000 kW

SCE Incentives
TBD

Project Description: The Baker Solar PV project is expected to provide up to 2,000 kW of solar
photovoltaics (PV) energy. The project to be located above two buried reservoirs at the Baker
WTP site.
Status: Prior to soliciting bids to construct the Baker Solar PV, final testing of the Baker WTP
must be completed and a representative number of months of actual energy use records will be
collected. In addition, IRWD is developing a constraints memorandum (performance
specifications) to identify key aspects of the design to assist in developing the solicitation for a
third party developer (e.g., maximum power production, conduit routing, inverter location,
connection point to SCE, reservoir access, etc.).
SCE Role: Providing technical assistance; will provide SGIP incentives upon completion of
conceptual design and application by IRWD or a third party developer.
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8, 9 & 10. Project Name: Efficient Lighting Retrofits
PREFERRED RESOURCES SUMMARY
Energy Efficiency

Distributed Generation

Proposed Sites

Energy Savings
(kWh/yr)

Demand Reduction
(kW)

MWRP

710,844

167.9

Sand Canyon HQ

207,961

45.2

LAWRP

36,294

10.0

Totals

955,099

223.1

Electricity
Produced

Electric
Capacity

n/a

n/a

SCE
Incentives

TBD

Project Description: SCE conducted lighting audits for each of the above facilities. The audits
indicated annual energy savings of 955,100 kWh and a reduction in peak electric demand of
223 kW.
Status: Currently, IRWD is identifying potential sources of funding for these projects.
SCE Role: Conducted lighting audits and estimated energy efficiency incentives.
11. Project Name: Michelson Solar PV
PREFERRED RESOURCES SUMMARY
Energy Efficiency

Distributed Generation

Energy Savings

Demand Reduction

Electricity Produced

Electric Capacity

n/a

n/a

1,813,677 kWh/yr

1,147 kW

SCE Incentives
TBD

Project Description: An independent assessment was performed by a third party of potential
solar PV sites at MWRP. The assessment indicated that about 1,147 kW of Solar PV could be
installed through rooftop and carport‐mounted arrays.
Status: Work will be needed to evaluate project costs and benefits, and then to determine
whether IRWD or a third party should develop this project. IRWD will determine next steps
after completion of the MWRP Biosolids and Energy Recovery Facilities (about Q3 2017).
SCE Role: Providing technical assistance; will provide SGIP incentives upon completion of
conceptual design and application by IRWD or a third party developer.

ATTACHMENTS
Case Study 1: Biosolids Energy and Recovery Facility
Case Study 2: Baker Water Treatment Plant
SCE‐IRWD WATER‐ENERGY PILOT, PHASE 1 REPORT
Final Report March 14, 2017 – Appendix C

Page C‐8

CASE STUDY 1: Biosolids Energy and Recovery Facility
PROJECT DESCRIPTION
The Michelson Biosolids Facility is a new state‐of‐the‐art residuals‐handling system currently
being constructed by IRWD next to the Michelson Water Recycling Plant (MWRP). Facilities
include biosolids processing, biogas production/management, and energy recovery systems.
This case study describes the energy saving technologies implemented under SCE’s Savings by
Design incentive program (does not include the planned biogas microturbines).
PROJECTED ELECTRIC REQUIREMENTS
Based on a recent load study (B&V, 9/20/16), the Michelson Biosolids Facility's annual electric
requirements were estimated to peak at 5,700 kW. Assuming an average load factor of 75%,
annual energy requirements were estimated at 37.2 million kWh. By incorporating energy
efficient design elements with the assistance of SCE, the facility's net annual electric
requirements have been reduced to about 34.0 million kWh and an estimated peak electric
demand of 3,900 kW. This estimate does not include energy savings associated with the on‐site
generation by the planned biogas microturbines that will be exported to the MWRP liquid plant.
PREFERRED RESOURCES
IRWD worked with SCE to maximize energy efficient design of this facility and obtain incentives
towards its planned biogas‐to‐electricity facilities. This collaboration produced results shown in
Table CS‐1 for the facility design. Annual net energy savings are estimated at 3.2 million kWh
and 390 kW.
Table CS‐1. SCE Computations of Preferred Resources & Incentives for the Michelson Biosolids Facility1
Projected Electric Requirements:
Biosolids Facility
1
2
3
4
5

1

Thickening Centrifuges (add
VFD)
Waste Activated Sludge (add
VFD)
Dewatering Centrifuges (add
VFD)
Multistage Blower (convert to
Single Stage)
Digester Mixers
Total Electric Requirements

Initial Design
(equipment shown)
kWh/yr
kW

Preferred Resources
kWh/yr

Net Requirements

kW

kWh/yr

kW

2,400,240

274.0

-911,040

-104.0

1,489,200

170.0

1,138,800

130.0

-438,000

-50.0

700,800

80.0

374,400

100.0

-37,440

-10.0

336,960

90.0

384,556

123.2

-85,994

-27.3

298,562

95.9

2,792,615
7,090,611

318.8
946.0

-1,738,860
-3,211,334

-198.5
-389.8

1,053,755
3,879,277

120.3
556.2

SCE Savings by Design Energy Savings Calculation, February 28, 2014.
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LOOKING FORWARD
The MWRP Biosolids facility includes 5 x 200 kW advanced microturbines. In addition, the
facility has space to add 2 x 200 kW additional microturbines if/when sufficient biogas becomes
available (e.g., through increased biosolids production and/or an expanded Fats‐Oils‐Grease
(“FOG”) collection and processing program). Developing between 1,000 and 1,400 kW of
microturbine generation will significantly reduce electric demand at the site.
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CASE STUDY 2: Baker Water Treatment Plant
PROJECT DESCRIPTION
The Baker Water Treatment Plant is a 28.1 MGD potable water treatment plant. This regional
project is owned by IRWD and will provide water treatment to non‐potable water purchased
from the Metropolitan Water District (MWD) to five south Orange County water districts (Irvine
Ranch Water District (IRWD), El Toro Water District (ETWD), Moulton Niguel Water District
(MNWD), Santa Margarita Water District (SMWD) and Trabuco Canyon Water District (TCWD))
PROJECTED ELECTRIC REQUIREMENTS
Based on a recent Cost of Water Analysis (Michael Baker, May, 2013), this facility's annual
electric requirements were estimated to peak at 2,440 kW. The facility will operate nearly
continuously with a very high average load factor of 87.5%, utilizing 18.7 million kWh. By
incorporating energy efficient design elements with the assistance of SCE, the facility's net
annual electric requirements have been reduced to 15.3 million kWh and an estimated peak
electric demand of 2,000 kW.
PREFERRED RESOURCES
IRWD worked with SCE to maximize energy efficient design of this facility. As presented in
Table CS‐2, this collaboration produced 3.4 million kWh and 558 kW of preferred electric
resources.
LOOKING FORWARD
The facility was recently commissioned and became operational in late 2016. IRWD is currently
exploring development of a 1‐2 MW solar photovoltaic (PV) facility at this site with technical
assistance from SCE. When the project design has been finalized, SCE is expected to provide
incentives for the PV facility from its Self Generation Incentive Program (SGIP). The addition of
Battery storage is another possible future addition to the Baker Treatment Plant.
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Table CS‐2. SCE Computations of Preferred Resources & Incentives for Baker Water Treatment Plant2
Projected Electric Requirements
1

2

3

4
5

Raw Water Pump Station - Throttling Pump#1
Raw Water Pump Station - Throttling Pump#2
TCWD Pump Station - Throttling - Pump
#1
TCWD Pump Station - Throttling - Pump
#2
Feed Water Pump Station - Throttling Pump#1
Feed Water Pump Station - Throttling Pump#2
Feed Water Pump Station - Throttling Pump#3
Feed Water Pump Station - Throttling Pump#4
Feed Water Pump Station - Throttling Pump#5
UV Disinfection Lamps - Medium
Pressure
Product Water Pump Station - Throttling

Total Electric Requirements

Initial Design
kWh
kW

Preferred Resources
kWh
kW

Net Requirements
kWh
kW

463,564

324.5

-132,464

-99.4

331,100

225.1

463,564

324.5

-132,464

-99.4

331,100

225.1

237,009

27.6

-64,720

-6.3

172,289

21.3

237,009

27.6

-64,720

-6.3

172,289

21.3

1,457,850

175.2

-443,678

-53.3

1,014,172

121.9

1,457,850

175.2

-443,678

-53.3

1,014,172

121.9

1,457,850

175.2

-443,678

-53.3

1,014,172

121.9

1,457,850

175.2

-443,678

-53.3

1,014,172

121.9

1,457,850

175.2

-443,678

-53.3

1,014,172

121.9

635,100

72.5

-369,497

-42.2

265,603

30.3

2,761,653
12,087,149

315.7
1,968.4

-410,805
-3,393,060

-37.5
-557.6

2,350,848
8,694,089

278.2
1,410.8

Notes:
[1] SCE Savings by Design Incentive $320,644 .
[2] Baker WTP Solar PV kept as a separate project for projection purposes.

2

SCE Savings by Design Energy Savings Calculation, February 20, 2012.
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APPENDIX D

Battery Energy Storage Projects
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Appendix D
Battery Energy Storage Projects
On August 8, 2016, the Irvine Ranch Water District [IRWD] Board of Directors authorized the
General Manager to execute agreements to host battery energy storage systems at eleven (11)
IRWD facilities. The 11 sites are listed below.
Table D‐1. IRWD‐AMS Battery Storage Projects
IRWD Facility

AMS Batteries

SCE Service Account
Rated
Voltage
Hours
kWh
Nbr. (SAN)*
Capacity (kW)
BATTERIES TO BE DISPATCHED BY AMS VIA SCE'S DEMAND RESPONSE ENERGY STORAGE (DRES) PROGRAM
1 Michelson Water Recycling Plant (MWRP)
1573133
2,500
4160
6.0
15,000
Facility Name

2

Deep Aquifer Treatment System (DATS)

3

Los Alisos Water Recycling Plant (LAWRP)

4
5
6

Principal Treatment Plant (PTP)
Tustin Wells 21 & 22 Treatment Facility
Dyer Road Well #10

19426944

1,000

480

6.0

6,000

172862

1,000

480

5.6

5,600

28231842
500
480
4.0
2,000
38567127
250
480
4.4
1,100
12052451
250
480
6.0
1,500
TOTAL DRES BATTERIES
5,500
31,200
BATTERIES UNDER AMS’s OPERATING CONTROL TO REDUCE IRWD’S COSTS OF ELECTRIC PURCHASES (NON-DRES)
7 Coastal Zone D Pump Station
3180640
500
480
2.0
1,000
8 Coastal Zone 4 Pump Station
3742549
250
480
2.0
500
9 Foothill Zone 6
11625674
250
480
2.0
500
10 Portola 3-5 & A-C Pump Station
32373656
250
480
2.0
500
11 East Irvine Zone 1-3 Pump Station
1116202
250
480
2.0
500
TOTAL NON-DRES BATTERIES
1,500
3,000

The battery energy storage projects listed in Table D‐1 are being implemented by Advanced
Microgrid Solutions (AMS), a provider of energy storage and related systems and services, in
partnership with IRWD. The size and capacity of the batteries at each of the 11 IRWD sites are
shown.
There are two distinctly different types of projects:
Demand Response Energy Storage (DRES) Battery Projects. The first group of six battery
projects have a combined rated capacity of 5,500 kW (maximum) with a combined energy
storage capacity of 31,200 kWh. These DRES batteries have been bid by AMS into SCE's Local
Capacity Requirements (LCR) Demand Response Energy Storage (DRES) program. DRES batteries
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must be available for dispatch by SCE when needed to support local electric reliability. In other
words, although the batteries are owned and
operated by AMS, unless the contract between
Battery Sizes and Capacities
SCE and AMS states otherwise, SCE has first call
on the batteries from 9:00 am until 6:00 p.m.
 Each battery has a rated capacity expressed in
on specified dates. SCE’s battery dispatch
kiloWatts (kW). This is the maximum capacity at
which the battery can operate at any point in time.
requirements also state, however, that SCE will

Each battery also has a stated duration of time over
call upon each battery only one time per day.
which it can operate at full capacity (number of
Therefore, on each day, after the obligation to
hours).
SCE has been fulfilled, AMS can operate the
 The capacity times the number of hours provides
DRES batteries for other purposes (e.g., to
the amount of electric energy that the battery can
store, expressed in kiloWatt-hours (kWh).
reduce IRWD’s energy costs) during the
remainder of the day.
If the battery specifications and installed configuration
allow, the battery may be able to operate longer than

the rated duration in hours (e.g., when the hourly
Non‐Demand Response Energy Storage (Non‐
battery discharge is less than its rated capacity).
DRES) Batteries. The second group of five
battery projects totaling 1,500 kilowatts have a
combined electric storage capacity of 3,000
kWh. AMS did not bid these batteries into SCE's LCR program, planning instead to operate
these batteries on IRWD’s behalf for the primary purpose of reducing IRWD's electric
requirements and costs at these locations.

Background and Context
On February 13, 2013, the California Public Utilities Commission (CPUC) authorized Southern
California Edison (SCE) "… to procure between 1400 and 1800 Megawatts (MW) of electrical
capacity in the West Los Angeles sub‐area of the Los Angeles (LA) basin local reliability area to
meet long‐term local capacity requirements (LCRs) by 2021. … The LCRs require resources be
located in a specific transmission‐constrained area in order to ensure adequate available
electrical capacity to meet peak demand, and ensure the safety and reliability of the local
electrical grid." The following procurement guidelines were stipulated by the CPUC:
"At least 50 MW must be procured from energy storage resources.
At least 150 MW of capacity must be procured through preferred resources consistent
with the Loading Order in the Energy Action Plan, or energy storage resources.
SCE is also authorized to procure up to an additional 600 MW of capacity from preferred
resources and/or energy storage resources. In addition, SCE will continue to obtain
resources which can be used in these local reliability areas through processes defined in
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energy efficiency, demand response, renewables portfolio standard, energy storage and
other relevant dockets."1
On September 12, 2013, SCE issued its Local Capacity Requirements (LCR) Request for Offers
(RFO). On November 5, 2014, SCE announced that it had accepted 69 offers to provide
preferred energy resources.2 Of these, an unprecedented 241.5 MW in battery energy storage
had been selected: 100.5 MW front‐of‐meter (i.e., on the utility side of the meter), and
135 MW behind‐the‐meter (i.e., on the end use customer's system). AMS was selected to
provide 50 MW (37%) of the behind‐the‐meter battery energy storage.
On September 13, 2016, SCE announced that it had awarded contracts to AMS and several
other energy storage providers. The final award by SCE to AMS was for 40 MW of behind‐the‐
meter battery energy storage capacity over a period of 10 years. The SCE‐AMS contract terms
and conditions are subject to requirements established by the CPUC for Resource Adequacy
("RA)" products. Consistent with CPUC policy, the specific pricing terms and other competitive
details of the transactions between SCE and each of its LCR contractors are confidential.

The IRWD‐AMS Demand Response Energy Storage (DRES) Partnership
In 2015, IRWD and AMS began detailed discussions regarding the possibility of hosting one or
more battery energy storage devices at IRWD facilities. These discussions included identifying
candidate sites, performing preliminary load profile analyses, and evaluating potential risks and
benefits to IRWD. In June 2015, IRWD served as joint‐applicant with AMS, reserving
approximately $11 million of SCE Self‐Generation Incentive Program (SGIP) funds towards the
planned battery storage projects.3 On February 14, 2016, IRWD entered into a non‐binding
Memorandum of Understanding (MOU) with AMS. On December 19, 2016 construction of the
battery storage devices at eleven separate IRWD sites was initiated.
As noted previously, there are two different types of battery energy storage projects: DRES
Batteries (bid by AMS into SCE's LCR RFO to support local resource adequacy) and Non‐DRES
Batteries that will be operated by AMS on behalf of IRWD. The DRES Battery Projects benefit
both AMS and IRWD by earning revenues that will be shared for providing electric reliability
support to SCE. The Non‐DRES Battery Projects are intended to provide economic benefits

1

Decision 13‐02‐015 Authorizing Long‐Term Procurement for Local Capacity Requirements, California Public
Utilities Commission, February 13, 2013.
2
SCE Signs Contracts for 2,221 Megawatts that Could Power 950,000 Homes, Southern California Edison Press
Release, November 5, 2014.
3
IRWD documentation of proposed Energy Management Services Agreements with AMS for the August 8, 2016
IRWD Board Meeting.
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directly to IRWD through reduced electric demand (kW) and reduced purchases of energy
(kWh) during high price periods.
The following description of the relationship and transactions between IRWD and AMS was
summarized from public documents that apprised IRWD's Board of Directors about the
opportunity.

Roles and Responsibilities of the Parties


AMS is responsible for project design, development (except for environmental studies and
environmental commitments funded by IRWD), permitting, financing, maintenance,
operations, and all legal and contractual obligations to SCE under the DRES program.



IRWD is responsible for providing the host sites for the 11 batteries, conducting any
required environmental studies, and for helping to identify opportunities to reduce IRWD's
electric costs. Potential energy cost reduction opportunities include reducing peak electric
demand, reducing electric use during periods of high electric costs, and potentially also
earning demand response revenues by participating in SCE Automated Demand Response
(ADR) programs.

Transaction Structure
The transaction between IRWD and AMS for these battery storage projects is different for the
DRES Batteries that have been committed to SCE's DRES program vs. the Non‐DRES Batteries
that will be operated by AMS to reduce IRWD's time‐of‐use electricity requirements and costs.


DRES Revenues ‐ AMS has committed a Minimum Guaranteed Cost Savings (MGCS) to IRWD
for hosting the DRES Batteries.



Non‐DRES Revenues ‐ AMS has also committed a Minimum Guaranteed Cost Savings
(MGCS) to IRWD for hosting Non‐DRES Batteries.

Additional DRES revenues and savings in electricity costs may be realized by IRWD on both
types of projects; however, these are not guaranteed. Revenues earned above the annual
MGCS will be shared.


While AMS and IRWD believe that there are substantial opportunities for incremental
revenues above the MGCS, the amount of such incremental revenues cannot be reasonably
predicted due to significant changes anticipated in California’s electric supply portfolio and
electricity markets throughout the 10 year term of the AMS‐IRWD Battery Energy Storage
Projects.



In addition, while AMS and IRWD believe that IRWD will earn additional benefits from the
operation of the batteries in the form of reduced energy costs, the impact on IRWD’s net
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electric requirements, energy (kWh) and demand (kW), and resultant energy cost savings,
cannot be accurately predicted.
There are many reasons that the electric impacts and economic benefits attributable to AMS’
management of the battery projects cannot be accurately predicted at this time; however, one
reason dwarfs all others: California’s electricity portfolio, markets and infrastructure are
undergoing rapid transformation.
Over the 10 year term of the agreement between AMS and IRWD:


The quantities, locations, timing and types of electric resources in the state’s portfolio will
change significantly. Electric supply changes are of necessity accompanied by changes to the
state’s transmission and distribution systems.



Concurrent adjustments to electric wholesale market mechanisms and grid management
protocols will need to be made by the California Independent System Operator (CAISO) to
assure grid reliability.



Comparable adjustments to distribution infrastructure, electric reliability resources, and
customer energy programs will also need to be made downstream, by electric distribution
Load Serving Entities (LSEs) such as SCE.

These broad changes to California’s electric resources, infrastructure and operations will impact
SCE’s customer energy programs, services and prices, and various types of customers will
respond to these changes in different ways. It is therefore impossible to credibly predict at this
time how these types of transformative changes will impact AMS’ operation of the batteries,
and how these battery projects will ultimately affect IRWD’s net electric requirements and
costs.
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Figure D‐1. A Partial Illustration of the Complexities of the Evolving California Electric Market

The manner in which the DRES battery energy storage projects will be operated depends on a
wide variety of complex factors that will determine when the batteries are needed, the types of
services they will be called upon to provide, and the level of compensation that will be paid for
different types of electric reliability products and services. Since Non‐DRES batteries are
planned to be operated to maximize economic benefits to IRWD through reductions of on‐site
electric demand and energy, those decisions will likely be primarily driven by SCE customer
energy programs and rates. However, those, too, are in a state of transition: the operations of
California’s high voltage transmission system and SCE’s distribution system must be closely
coordinated since what happens on one, can impact the other.
Technical factors such as the battery specifications and installed configuration at each site will
also affect how the batteries can be operated, and the types of products and services they can
provide.
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Summary
California’s electricity portfolio, markets and infrastructure are undergoing a rapid
transformation to accommodate new, intermittent resources driven by state policy, aging
facilities, public concerns and grid management strategies. These broad changes will require
each type of electrical customer to respond to different ways. it Therefore it is recommended
that batteries and their impact on IRWD’s future electric requirements and costs be treated as
follows in the WE Pilot Phase 1 Report:


The potential reduction in electric demand (kW) and energy use (kWh) associated with
both the DRES and Non‐DRES Battery Projects should be estimated to be zero at this
time.

Additional detail regarding this recommendation include the following attachments:
Attachment 1: Projecting the Impact of Energy Storage Projects on IRWD's Electric
Requirements. This Attachment provides more discussion on the challenge of estimating
energy savings from batteries and includes sections that discuss Changes to the Retail Tariff
Time Periods, Storage and Time ‐ The Primary Differentiators Between Water and Electricity,
and California’s Urgent Need for Electric Resource Flexibility.
Attachment 2: Impact of Battery Specifications and Configurations on Operating Parameters.
This Attachment has additional detail on battery specifications and includes a discussion of
SCE’s leadership in Battery Energy Storage Technology.
Attachment 3: Operation of DRES vs. Non‐DRES Batteries. This attachment provides additional
detail of how batteries will be applied to a DRES site and a Non‐DRES site.
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ATTACHMENT 1

Projecting the Impact of Battery Energy Storage Projects
on IRWD's Electric Requirements
There are several challenges to accurately predicting the potential impact of these battery
storage units on IRWD's electric requirements. Although Demand Response Energy Storage
(DRES) Battery Projects are expected to be operated very differently than Non‐DRES Battery
Projects, the difficulties in credibly predicting how either will actually be operated over the next
10 years and the resultant impacts of battery operations on IRWD’s net electric requirements
and energy costs are essentially the same: California’s electric markets, both wholesale and
retail, are undergoing rapid transformation, creating significant uncertainties about future
electric programs and costs.

California’s Electric Markets Are Undergoing Transformation
The manner in which uncertainties in California’s electric markets make it virtually impossible to
credibly project impacts on IRWD’s electric requirements and costs can best be explained in
context of the DRES batteries that are governed by a contract between SCE and AMS.
Demand Response Energy Storage (DRES) Batteries
AMS is installing and operating batteries at six IRWD facilities that are contractually obligated to
provide electric reliability services to SCE’s Demand Response Energy Storage (DRES) Program.
Resources participating in SCE's DRES program must be available to SCE in accordance with
protocols that were established in SCE’s Local Capacity Requirements (LCR) solicitation (or as
may have been modified by the parties through contract or other legally enforceable
instrument).
DRES resources commit to comply with the following dispatch requirements.4
1. Maximum Frequency of Dispatch: Once per day, every day of the year.
2. Duration of Dispatch: 15 minutes to 4 hours per single dispatch.

4

“Dispatch” is a call by SCE to implement these electric reliability resources that are standing by for dispatch
during the daily dispatch window. When SCE calls upon these resources, they must be available in accordance with
the above LCR/DRES dispatch requirements and any other terms and conditions that may be stipulated in the
contract between SCE and AMS.

SCE‐IRWD WATER‐ENERGY PILOT, PHASE 1 REPORT
Final Report March 14, 2017 – Appendix D

Page D‐8

3. Maximum Dispatch Duration: 80 hours per month, 960 hours per year.
4. Dispatch Window: 9:00 a.m. to 6:00 p.m. every day of the year, subject to the maximum
dispatch duration.
5. Charging Restrictions: Batteries may not charge from the grid between 9:00 a.m. and
6:00 p.m. (DRES batteries may only be charged at night or from non‐grid sources).
The below table describes the challenges to credibly projecting the estimated impact of DRES
batteries on IRWD’s electric requirements and electric costs.
Table D‐2. Variables Needed to Estimate Impact of DRES Batteries on IRWD Electric Requirements and
Costs
Variable

Potential Range of
Estimates

1. Number of Days per
Year that SCE will call
upon the batteries at
each site, for each of the
10 years of the LCR
contract term

0 – 365 days per year

2. The duration of each
dispatch (per day, per
site)

15 minutes to 4 hours
per site, per day

3. The amount of energy
per hour, per dispatch,
per site

May be variable, up to
the maximum capacity of
the battery and the
maximum dispatch
duration of 4 hours

4. The specific times of day
that the batteries will be

9:00 am to 6:00 pm

Challenges
There is no basis for credibly estimating how many times per year
SCE will call upon the battery at each site over the 10 year
LCR/DRES contract term. Whether SCE calls upon any of the
sites depends on what type of electric reliability problem SCE is
attempting to address, the specific location on SCE’s distribution
system that requires battery and/or other electric reliability
support, and the costs and types of other resource options
available to SCE in its portfolio. (Like other energy IOUs, SCE is
required by the CPUC to dispatch resources on a “least cost, best
fit” basis to reduce costs and risks to its customers and all electric
ratepayers.)
Similarly, there is no basis for credibly estimating the duration of
dispatch per site, per day. Whether or not a battery is dispatched,
and specifically which battery(s) will be dispatched and for what
duration of time(s) cannot be reasonably predicted.
Depending on the type of battery and its configuration, and the
specific terms of the LCR/DRES contract between SCE and AMS,
the batteries may be dispatched at their full capacity for the
duration of time specified in the LCR contract; or, if the contract
and the installed configuration allow, batteries could be
dispatched at less than full capacity.
For Example: A 6 hour battery with a maximum capacity of
2,500 kW and energy storage of 15,000 kWh is being installed at
MWRP. It appears from the DRES dispatch requirements that
SCE could call upon the battery at its full 2,500 kW capacity for a
period of up to 4 hours, thereby using 10,000 of the stored kWh
during a single dispatch. However, if the LCR/DRES contract and
the installed battery configuration allow an alternative (lower
capacity) dispatch, SCE could potentially call upon the battery for
1,000 kW over a period of 4 hours (or any other combination of
capacity and duration, up to the maximum 4 hour window per
single dispatch and the maximum amount of electricity stored in
the battery).
SCE’s DRES Program requires that LCR resources must be
available for SCE dispatch every day of the year between 9:00am
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Variable

Potential Range of
Estimates

dispatched (per battery
site, per day)

5. The prices of electricity
and demand, and other
types of electric products
and services

Challenges
and 6:00 p.m. There is no way to predict which days, or which
hours during each day, that the batteries will actually be
dispatched.
California’s entire electric market is transforming, both wholesale
and retail, with the result that prices will be changing significantly
for all electric prices and services over the forecast period.

A wide range of prices
apply:
 Wholesale vs. Retail
 Demand vs. Energy
 Retail Tariff Rate
Structures vs. RealTime Market Rates
 Ancillary Services
and Electric Reliability
Support
 Etc.

For Example: Retail tariff rates for electricity and demand have
historically varied significantly by season and time-of-use. Retail
electric service within SCE’s service area was typically most
expensive during Noon to 6:00 p.m. on summer weekdays
(Monday-Friday, except holidays). SCE’s summer months are
currently June through September.
Over the years, very large users of electricity such as IRWD
implemented changes to their systems, facilities and operations to
minimize electric use during the highest cost time period: Summer
Weekdays, Noon to 6:00 p.m. A review of IRWD’s electric load
profile for CY2015 shows the deep trench (low electric use) during
those time periods – see Figure D-2 on the next page.
The high cost of electricity during summer on-peak periods was
the one factor that stayed constant over the past decade, and
many customers have made investments and operational
changes that enabled them to reduce their use of electricity during
those periods. However, all of that is about to change: Note the
additional complication in estimating electric cost impacts:
see Retail Time Periods Are Changing on the next page.

Figure D‐2 on the next page shows the effect of IRWD’s diligence in reducing its electric use during the
highest cost time‐of‐use periods (Noon to 6:00 p.m. on summer weekdays).
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Figure D‐2. IRWD’s Hourly Electric Profile: CY2015 Peak Day (Thursday, August 20, 2015)
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Retail Tariff Time Periods Are Changing
Under current SCE tariffs, the highest priced time-period is Summer Weekdays from Noon to 6:00 p.m.

Given the substantial changes to California’s electric supply portfolio that are expected between now and 2030, the CAISO has
determined that the coincidence of large solar PV facilities with wind generation will result in periods of “over-generation” – i.e.,
the CAISO anticipates that during 10:00 a.m. to 4:00 p.m. on some days, more electricity will be produced from wind and solar
than there is electric demand to serve. The CAISO also projects that as wind and solar taper off each day, there will be periods
of “under-generation” – i.e., electric demand will exceed supply. [Source: CAISO time-of-use periods analysis, January 22, 2016,
filed with CPUC pursuant to its Rulemaking 15-12-012.]
The CAISO therefore recommends that California’s retail electric time periods be changed as follows:
•

Super Off-Peak: Create very low rates during periods of over-generation to incentivize customers to use as much of the
excess solar and wind power that is being generated as possible, so that electric generation from these facilities does not
need to be curtailed in order to maintain grid reliability. Proposed Super Off-Peak periods are:
o March and April: 10:00 a.m. to 4:00 p.m., both weekdays and weekends
o All Other Months: 10:00 a.m. to 4:00 p.m., weekends only

•

Super Peak: During very hot summer months (July and August), the CAISO expects that demand will exceed supply
substantially as people return home and turn on air conditioners, lights and televisions, and cook evening meals. The
CAISO thus recommends creating a Super-Peak period with the highest rates of the year from 4:00 p.m. to 9:00 p.m.,
weekdays only during July and August.

•

Peak: Electric demand is expected to exceed supplies between 4:00 p.m. to 9:00 p.m. every day of the year. The CAISO
recommends that this time period be designated as “Peak” on both weekdays and weekends, every day of the year (except
for weekdays in July and August that will be designated as “Super Peak”.) The CAISO also identified Noon to 4:00 p.m.
during weekdays in July and August as Peak time periods.

Changes to Retail Electric Tariff Time Periods Recommended by the CAISO

Pilot studies are currently in progress to evaluate the CAISO’s recommendations and to determine the types of programs
needed to achieve the changes in timing and magnitude of customer electric use that can effectively mitigate real-time electric
system volatility. If approved, retail electric tariff time periods are expected to change by Fall/Winter 2018.
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The impending changes to retail electric time periods and rates is but one factor that will drive
operation of the AMS‐IRWD batteries, both DRES and Non‐DRES.
Considerable uncertainties exist with respect to both the quantity and the future locations of
electric supplies, both wholesale (utility scale) and retail (distributed); and the changes to
transmission and distribution infrastructure that will be needed to reliably integrate both
existing and future electric supplies, much of which is expected to be intermittent (solar and
wind). Both wholesale and retail electric programs and markets are currently in a state of
transformation that is expected to continue for more than 15 years as California prepares to
develop and integrate 50% renewables into its electricity supplies.
It is for these reasons that “flexible” electric resources and innovative demand side strategies
such as battery energy storage are being targeted by the CAISO, electric IOUs, generators, and
other wholesale and retail market participants: California needs maximum flexibility on both
the supply and demand sides in order to effectively manage its electric market transformation
and mitigate risks of interruptions to electric service.

Storage and Time
The Primary Differentiators Between Water and Electricity
 Water can be stored in large quantities for long periods of time, often for multiple years.
 Electricity, however – the flow of electrons through conductive materials – cannot yet be stored in large quantities
or for very long periods of time.
Unavailability of technically and economically viable means for storing sufficient quantities of electricity requires
electric system operators to continue to match supplies and demand on a real-time instantaneous basis. Where water
managers schedule resources over hours, days, weeks and months, electric system operators schedule resources in
seconds, minutes, hours and days.
In order to keep power flowing on the statewide transmission system, when demand exceeded supply, operators
turned on stand-by generators. When supply exceeded demand, generators were turned off.
The 50% renewables targeted for 2030 are expected to be comprised mainly of solar PV and wind. Since these
resources are being developed to comply with state policy, these intermittent renewables are being treated as “mustrun, must-take.” This means that from a policy perspective, maintaining electric reliability by turning off intermittent
renewable resources now and then is not considered an option.
New technologies and innovative demand side solutions are being aggressively sought to mitigate unprecedented
voltage volatility on the electric grid created in large part by huge quantities of intermittent renewable resources.
Voltage volatility increases risks of disruption to electric service. Storage is viewed as one of the primary solutions for
maintaining electric reliability.
Although battery energy storage is still emerging, this technology holds considerable promise for helping California
achieve its energy resilient and low carbon future.
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California’s Urgent Need for Electric Resource Flexibility
The rapid growth in renewable resources in California represents significant progress toward achieving the state’s
renewable energy and greenhouse gas reduction goals, but it has also brought new challenges for grid operators.
Wind and solar resources have grown significantly over the last decade.
For Example: Solar increased from a little more than 400 MW in 2001 to more than 7,000
MW in 2015. Rooftop solar photovoltaic (PV) has also seen dramatic growth with 4,400 MW
installed statewide, nearly 2,000 MW of which was installed in 2014 and 2015.
Maintaining the reliability of the electricity system while integrating large quantities of variable wind and solar
generation requires flexible resources to balance supply and demand.
In the past, a standard one-hour time resolution was sufficient to match large amounts of renewable resources
with firming resources (quick response generation resources such as combustion turbines that can “follow load” –
i.e., quickly ramp up and down as needed to mitigate real-time fluctuations in supplies and demand). However,
increasing quantities of intermittent renewable energy resources require “firming” on much shorter time scales.
Key characteristics of firming resources now include not only capacity, but response times and ramp rates, often
measured in “megawatts per minute”.
The CAISO’s “Duck Chart” illustrates the extent to which
“flexible” resources must be available to ramp up or down to
meet California’s need to reliably integrate intermittent
renewable electric resources.
This “net load curve” superimposes the hour-by-hour
variability of wind and solar generation. The ramps up and
down in the net load curve have become sharper and more
exaggerated faster than anticipated due to rapid increase in
behind-the-meter (customer-side) solar PV.
 On May 15, 2016, 11,663 MW were generated that
exceeded real-time electric demand.
Source: Fowlie, Meredith, The Duck has Landed, Energy at Haas,
U.C. Berkeley, May 2, 2016. California ISO Hourly Data, March
28-April 3, Years 2013-2016.

 On February 1, 2016, the three hour ramp was 10,892
MW, with the peak shifting to later hours in the day.

The CPUC and CAISO coordinate closely to assure that sufficient flexible resources are procured and
available to support “firming”, or “integration”, of intermittent energy supplies. The CAISO calculates its overall
flexible capacity needs and the amount of flexible capacity that needs to be provided by each load serving
entity (LSE). The CPUC conducts annual resource adequacy proceedings to assure (1) that sufficient
resources will be available to the CAISO to ensure the safe and reliable operation of the grid, and (2) to provide
incentives for siting and construction of new reliability resources that will be needed in the future.
As part of the state’s Resource Adequacy (RA) planning process, SCE solicited Demand Response Energy
Storage (DRES) resources via its Local Capacity Requirements (LCR) solicitation. AMS was awarded a
contract by SCE to provide 40 MW of “behind-the-meter” (customer-side) battery storage. Under the SCE-AMS
contract, the six DRES battery projects sited at IRWD facilities will provide reliability support to SCE throughout
the ten year contract term.
Sources: Tracking Progress: Resource Flexibility; California Energy Commission, December 15, 2016; Final Flexible
Capacity Needs Assessment for 2017, CAISO, April 29, 2016; CPUC website re: Resource Adequacy.
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In Summary
DRES Batteries May or May Not Reduce IRWD’s Electric Bills. The actual impact on both
IRWD’s electric requirements and bills will depend on the frequency, days, times and duration
of calls by SCE for electric reliability support at each of the six DRES sites over the 10 year
contract term. Since the calls by SCE will be determined on the basis of need at any point in
time for electric reliability support, the DRES batteries cannot be optimized for IRWD electric
load reductions.


The requirement that DRES batteries be available from 9:00 a.m. to 6:00 p.m. every day and
not grid‐charged during that period means that these batteries cannot recharge during the
CAISO’s recommended Super Off‐Peak Periods (periods of over‐generation that are
expected to have the lowest retail electric prices): 10:00 a.m. to 4:00 p.m.5



Even though peak demand could be shaved during some hours, that may not result in
reducing electric demand and electric demand charges. Under existing SCE tariffs, the peak
demand charge is assessed on the maximum electric demand (kW) used during all on‐peak
periods during the month. The reason for this is that retail electric tariffs measure monthly
peak demand as the maximum amount of electricity that was required to meet a
customer’s load at any time during that month. Reducing electric demand for a single hour
will not reduce IRWD’s electric demand or costs, unless every hour in that month could also
be reduced to the targeted maximum electric demand (kW).



Reducing peak electric demand for 4 hours during the summer on‐peak period for 20
weekdays during that month would not avoid the peak demand charge, since the on‐peak
period is currently 6 hours (noon to 6:00 p.m.). The changes to peak time periods
recommended by the CAISO anticipate a 5 hour slot: 4:00 p.m. to 9:00 p.m., so this
statement would be true even under the changed time periods.



The same is true for any of the other time‐periods during which electric demand charges
are assessed.
In order to avoid demand charges within any particular month, demand
would need to be reduced to the targeted maximum demand (kW) every
hour of the applicable tariff time period during that month.

5

If the contract SCE and AMS stipulates that in some cases, dispatches may be scheduled a day or more in advance
and provided that the contract does not specifically preclude this, some DRES batteries may be able to schedule
recharging during Super Off‐Peak periods.
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The DRES batteries are a revenue strategy, not a cost saving strategy. When dispatched, energy
and capacity from DRES batteries will be compensated by SCE via DRES revenues paid to AMS
that will then be shared with IRWD.
Non‐DRES Batteries Should Reduce IRWD’s Electric Requirements and Costs. The Non‐DRES
batteries are specifically dedicated to reducing IRWD’s electric requirements and costs. The
question as to how much energy, demand and costs may be saved, however, depends on how
AMS operates the batteries.
For all of the reasons described in this attachment: In order to “optimize” the benefits of the
Non‐DRES batteries to the greatest extent possible, AMS will need to adapt its battery
configuration and operating protocols to then‐current customer‐side programs and rates. No
one knows what these programs and rates will look like over the 10 year term of the agreement
between IRWD and AMS; hence, it is difficult to accurately predict these impacts.

Attachment 2 to this appendix describes how specific battery specifications and configurations
at each site can affect operation decisions. Attachment 3 describes the electric loads at two
battery sites – one DRES and one Non‐DRES – to illustrate the concepts that were described
herein.
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ATTACHMENT 2
Impact of Battery Specifications and Configurations
on Operating Parameters
AMS has indicated that it plans to provide Tesla lithium ion “PowerPack” batteries for the IRWD
sites. More information about the battery specifications will ultimately be needed in order to
prepare a credible assessment as to how these batteries could be operated to maximize
economic benefits to IRWD and to AMS. For example:
1. Parasitic and Other Types of Losses. Some batteries can have losses of up to 8%, reducing
the effective capacity from 100% to 92%.
2. Battery Recharge. The amount of time required to recharge these batteries is needed, as
well as the amount of energy needed for recharging (it is typically more than the capacity,
due to losses and inefficiencies in the recharging process and other factors).
3. Estimated Useful Life (EUL). The EUL of electric batteries is expressed in duty cycles ‐ i.e.,
the number of times the battery can be charged and discharged without significantly
reducing its capacity to <80%. The EUL may affect the manner and frequency in which the
batteries are dispatched.
4. Operating Parameters.
a. Lithium ion batteries can be discharged and recharged at the same time, but it is not
clear that the AMS batteries can be operated in this manner, nor whether SCE's existing
distribution system can accommodate two‐way flows at the selected locations.
b. The rated duration of the batteries (e.g., 2 hours, 4 hours, 6 hours) is not necessarily an
operating constraint ‐ i.e., the battery need not be either "on" or "off"; it could be
discharging a portion of the kWh over a longer duration of time. Any contractual
constraints that might limit the number of operating hours and manner of discharge will
need to be documented and taken into account when preparing the dispatch plans.
c. The number of cycles per day, month, season, year to which battery operations may be
limited will need to be taken into account in the dispatch plan and schedule. (This
constraint is not the physical battery limitations, but any contractual provisions with
AMS intended to extend the batteries' EUL.)
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The specifications and installed configurations of the AMS‐IRWD batteries will be explored in more
detail during Phase 2 of the WE Pilot. The scope of Phase 2 includes identifying opportunities to
optimize operation of the Non‐DRES batteries, and identifying other potential applications for battery
storage within IRWD’s systems and facilities.

SCE’s Leadership in Battery Energy Storage Technology
 September 2014: SCE launched the largest battery energy storage in North America: The Tehachapi Energy
Storage Project. This 2 year technology demonstration project provided 32 MWh towards firming of the
Tehachapi Wind Resource (4,500 MW of wind energy). The project evaluated the ability of battery energy storage
to improve grid performance and assist in the integration of large-scale intermittent electric generation resources.
Project performance was measured for 13 operational uses: provide voltage support and grid stabilization;
decrease transmission losses; diminish congestion; increase system reliability; defer transmission investment;
optimize size of new renewable-related transmission; provide system capacity and resource adequacy; integrate
renewable energy (smoothing); shift wind generation output; frequency regulation; spin/non-spin replacement
reserves; ramp management; and energy price arbitrage. The project also demonstrated the ability of lithium-ion
battery storage to provide nearly instantaneous maximum capacity for supply-side ramp rate control to minimize
the need for fossil fuel-powered back-up generation. The project was developed with assistance of a grant from
the U.S. Department of Energy’s Office of Electricity Delivery and Energy Reliability.
 November 2014: SCE was the first California electric IOU to commit to distributed energy storage, both behindthe-meter and front-of-meter. SCE selected 11 companies to provide 2,200 MW of electric reliability support via
its Local Capacity Requirements (LCR) Request for Offers (RFO). Of this amount, 518.3 MW (23.6%) were from
“preferred” resources. Battery Energy Storage accounted for 235.5 MW (45.4%) of the total LCR procurement, far
exceeding SCE’s goal of 50 MW.
Preferred Resources
Energy Efficiency
Demand Response
Renewable Distributed Generation
Battery Energy Storage, Behind-the-Meter
Battery Energy Storage, Front-of-Meter
Thermal Energy Storage, Behind-the-Meter
Total Preferred Resources

Capacity
132.2 MW
75.0 MW
50.0 MW
135.0 MW
100.5 MW
25.6 MW
518.3 MW

% of LCR
6.0%
3.4%
2.3%
6.1%
4.6%
1.2%
23.6%

 May 2015: SCE responded to the CPUC’s directive to fast-track procurement of energy storage to mitigate
electric supply risks anticipated from the Southern California Gas Company’s Aliso Canyon gas storage leak by
accelerating development of battery energy storage procured via its LCR RFO.
 September 2016: SCE and Tesla entered into a partnership to develop a 20 MW / 80 MWh energy storage
system at SCE’s Mira Loma Substation in Ontario, CA to mitigate electric reliability risks attributable to the Aliso
Canyon gas storage shortages.
 October 2016: GE and SCE announced a plan to install the world’s first battery storage and gas turbine hybrid
project to mitigate electric reliability risks attributable to the Aliso Canyon gas storage shortages.
As of October 2016, SCE had contracted for more than 400 MW of energy storage capacity, nearly two times the
target established by the CPUC.
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ATTACHMENT 3
Operating Parameters of DRES vs. Non‐DRES Batteries
The operating parameters for Demand Response Energy Storage (DRES) Battery Projects are
different than for Non‐DRES Battery Projects.


Demand Response Energy Storage (DRES) Battery Projects will be operated pursuant to a
contract between SCE and AMS that specifies battery dispatch protocols (i.e., the periods of
time during which the batteries must be available to support SCE, and the frequency and
duration of dispatch of the batteries.) These projects will be operated by AMS to maximize
DRES revenues.



Non‐Demand Response Energy Storage (Non‐DRES) Battery Projects are not subject to
DRES dispatch requirements. These batteries will be operated by AMS for the primary
purpose of reducing IRWD’s electric requirements and costs.

Since the objectives for these batteries are very different, the IRWD sites that were selected to
receive batteries for the 2 different purposes have very different electric load profiles.
Table D‐3 shows that facilities selected for the DRES program have fairly high load factors
(average of 74.6%), and that the batteries were sized to meet a significant portion of each
facility’s peak electric demand. In addition, since the SCE dispatch requirements specify that
DRES batteries must be available to SCE once each day, and for up to 4 hours per dispatch,
DRES batteries have a longer operating duration (DRES batteries range from 4‐6 hours).
Table D‐3. DRES Battery Project Sites
2015 Electric Requirements
IRWD Facility

1

2

3

4

Michelson Water
Recycling Plant (MWRP)
[SCE Acct# 1573133]
Deep Aquifer Treatment
System (DATS) [SCE
Acct# 19426944]
Los Alisos Water
Recycling Plant (LAWRP)
[SCE Acct# 172862]
Principal Treatment Plant
(PTP) [SCE Acct#
28231842]

Annual Peak
Electric
Demand (kW)

Annual Electric
Energy (kWh)

AMS Batteries
Load
Factor%

Rated
Capacity
(kW)

Hours

kWh

% of Battery
Capacity to
Annual Peak

4,368

28,866,439

75.4%

2,500

6.0

15,000

57.2%

1,238

9,208,850

84.9%

1,000

6.0

6,000

80.8%

1,232

7,756,924

71.9%

1,000

5.6

5,600

81.2%

810

4,017,265

56.6%

500

4.0

2,000

61.7%
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2015 Electric Requirements
IRWD Facility

5
6

Tustin Wells 21 & 22
Treatment Facility [SCE
Acct# 38567127]
Dyer Road Well #10
[SCE Acct# 12052451]
TOTAL DRES BATTERY
PROJECTS

Annual Peak
Electric
Demand (kW)

Annual Electric
Energy (kWh)

AMS Batteries
Load
Factor%

Rated
Capacity
(kW)

Hours

kWh

% of Battery
Capacity to
Annual Peak

265

1,348,668

58.1%

250

4.4

1,100

94.3%

356

2,821,733

90.5%

250

6.0

1,500

70.2

8,269

54,019,879

74.6%

5,500

31,200

66.5%

Non‐DRES batteries have very different electric load profiles. In general, facilities for which peak
shaving is planned tend to have fairly low load factors. The batteries at these sites were sized to
meet a portion of the peak electric demand – typically, less than 50%.
Table D‐4. Non‐DRES Battery Sites
2015 Electric Requirements
Facility Name

7
8
9
10
11

Coastal Zone D Pump Station
[SCE Acct# 3180640]
Coastal Zone 4 Pump Station
[SCE Acct# 3742549]
Foothill Zone 6 [SCE Acct#
11625674]
Portola 3-5 & A-C Pump Station
[SCE Acct# 32373656]
East Irvine Zone 1-3 Pump
Station [SCE Acct# 1116202]
TOTAL NON-DRES BATTERY
PROJECTS

Annual
Peak
Electric
Demand
(kW)

Annual
Electric
Energy
(kWh)

AMS Batteries

Load
Factor%

Rated
Capacity
(kW)

Hours

kWh

% of Battery
Capacity to
Annual Peak

1,040

2,273,176

25.0%

500

2.0

1,000

48.1%

658

2,629,740

45.6%

250

2.0

500

38.0%

730

2,592,247

40.6%

250

2.0

500

34.2%

752

1,791,789

27.2%

250

2.0

500

33.2%

962

3,049,895

36.2%

250

2.0

500

26.0%

4,142

12,336,847

34.0%

1,500

3,000

36.2%

The reason that lower load factors are better suited to peak shaving opportunities can be
understood by examining their load duration curves. Specifically, lower load factors produce
steeper load duration curves. Steeper curves indicate opportunities to realize significant
reductions in peak electric demand by taking actions during a fairly small number of hours per
year [see Figure D‐3. and Table D‐5 on the next page].
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Figure D‐3. Load Curve (CY2015) for Non‐DRES Battery Site: Coastal Zone D Pump Station

To illustrate the suitability of various electric load profiles for different types of battery energy
storage applications, below are hourly electric load profiles for one DRES Battery Project site
(Michelson Water Recycling Plant) and one Non‐DRES Battery Project site (Portola Zone A‐C
Pump Station). Table D‐5 compares the electric load requirements for these two sites.
Table D‐5. Electric Load Requirements for One DRES and One Non‐DRES Battery Project Site
IRWD Facility
Michelson Water Recycling
Plant (MWRP)
Portola 3-5 & A-C Pump Station

Battery
Type

CY2015 Peak
Demand (kW)

CY2015 Energy
Use (kWh)

Average Annual
Load Factor

DRES

4,368.0

28,866,439

75.44%

Non-DRES

752,0

1,791,789

27.2%

A description of the electric profiles for the above two sites follows.
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Michelson Water Recycling Plant (DRES Battery Project Site)
A review of DRES battery operating parameters starts with reviewing MWRP’s hourly electric
load profile.
MWRP’s Hourly Electric Load Profile (CY2015)
During 2015, MWRP had a fairly high load factor (75%). MWRP's load factor can be seen in the
fairly regular pattern of peak electric demands by month (Table D‐6), and also in the flatness of
its Load Duration Curve (Figure D‐4).
MWRP’s high load factor is significant in context of this facility’s ability to provide DRES support.
Every hour that MWRP is operating at a level greater than or equal to the capacity of the DRES
Battery (2,500 kW) may be an opportunity to earn revenues through demand response.6
Table D‐6. Michelson Water Recycling Plant (MWRP) Monthly Peak Days and Times (CY2015)
MWRP Monthly Peak Days and Times
Total kWh
Max kW
LF%
Date
Time
2,340,938
3,888.0
80.93%
1/12/2015
4:30 p.m.
2,153,640
3,936.0
81.42%
2/17/2015
1:30 p.m.
2,431,140
4,368.0
74.81%
3/9/2015
9:15 p.m.
2,241,007
3,801.6
81.87%
4/19/2015
8:15 p.m.
2,390,254
4,080.0
78.74%
5/26/2015
11:15 a.m.
2,338,754
4,147.2
78.32%
6/9/2015
10:15 a.m.
2,491,090
4,185.6
79.99%
7/20/2015
10:00 a.m.
2,659,231
4,310.4
82.92%
8/7/2015
8:45 p.m.
2,526,449
4,243.2
82.70%
9/9/2015
06:00 a.m.
2,583,919
4,233.6
82.03%
10/14/2015
11:15 a.m.
2,402,458
4,070.4
81.98%
11/30/2015
08:00 a.m.
2,307,559
4,137.6
74.96%
12/14/2015
08:30 a.m.
Total Annual kWh: 28,866,439
Annual Peak kW:
4,368.0 [Monday, March 9, 2015 at 9:15 p.m.
Avg. Annual Load Factor: 75.44%

Day of Week
Monday
Tuesday
Monday
Sunday
Tuesday
Tuesday
Monday
Friday
Wednesday
Wednesday
Monday
Monday
Winter Month
Summer Month
Peak Day/Time

6

Demand Response revenues are earned by reducing electric demand. When MWRP is not operating, it is not
eligible to earn Demand Response revenues because it has no electric demand to reduce. However, the DRES
batteries at the MWRP site may be able to provide other types of electric reliability support, such as voltage
support and other types of ancillary services.
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Figure D‐4 below shows that MWRP’s electric requirements equaled or exceed the capacity of
the DRES battery designated for this location (2,500 kW) more than 95% of the hours during the
year.

Figure D‐4. MWRP Load Duration Curve, CY2015

Figure D‐4 indicates that if the 6‐hour DRES battery at MWRP could have been operated for the
sole purpose of reducing peak electric demand during CY2015 (i.e., not subject to SCE's DRES
requirements and indifferent as to the number of hours and cycles during which the battery is
operated), peak electric demand could have been reduced to 3,657.6 kW – a reduction of 710.4
kW (16.3%). However, this cursory review of MWRP’s load duration curve ignores both
contractual and technical operating constraints.

DRES Battery Operating Constraints at MWRP
Daily DRES Dispatch Window
Figure D‐5 shows the 24 operations of MWRP on its annual peak electric demand day: March 9,
2015. The DRES dispatch time period from 9:00 a.m. through 6:00 p.m. is boxed with blue
dotted lines to highlight the time during which the MWRP Battery must be available for
dispatch by SCE. The red line represents the potential demand reduction target of 3,504 kW.
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Constraints on Operating DRES Batteries for Peak Load Reduction

Figure D‐5. MWRP Hourly Electric Load Profile on MWRP’s Annual Peak Electric Demand Day in
CY2015

If MWRP had been able to reduce its peak demand to 3,657.6 kW on March 9, 2015; and
provided IRWD could reduce peak electric demand every day of the month such that MWRP’s
electric requirements never exceeded 3,657.6 kW, IRWD could have avoided monthly demand
charges. However:
1. Under the DRES program, since SCE has priority dispatch rights during the hours 9:00 a.m.
through 6:00 p.m. every day of the year, the DRES batteries cannot be operated soley for
the purpose of reducing IRWD’s peak electric demand during these time periods.
2. The terms of the contract and transactions between SCE and AMS are confidential. It is
presently unknown how much advance notice AMS will be provided, and whether AMS
might have flexibility to use the batteries on some days for non‐DRES purposes.
3. Even if AMS has some rights to use the DRES battery for peak load shaving during certain
time periods, demand (kW) would need to be shaved every hour of the month during which
the hourly demand exceeded the targeted maximum demand in order to realize reductions
in electric demand costs.
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During CY2015, TOU‐8B, the tariff under which MWRP received electric service
from SCE, a monthly demand charge of $14.88/kW‐month (i.e., the maximum kW
during the month times $14.88) was applicable during all months. (Summer
months had additional demand charges during on‐peak and mid‐peak periods.)
The maximum kW establishes the monthly demand charge irrespective of the
duration of that peak demand (e.g., whether it occurred during only one hour, or
for more than one hour of the month).
Table D‐7 shows the number of kWh that would have needed to be shaved on March 9, 2015
alone. The time periods shown below are based on SCE’s existing tariffs.
Table D‐7. kWh Savings Needed to Reduce kW Charges on March 9, 2015
Date
Monday, March 9th

Sum of Hourly Peak Demand Shaving
Needed to Reduce Costs (kWh)
Midnight – 9am
9am to 6pm
6pm to Midnight
7
360
2,707
2,227

Daily Totals (kWh)
5,294

Figure D‐6 on the next page shows the amount of electric demand (kW) every 15 minutes
during MWRP’s annual peak day in CY2015 (March 9th) that exceeded the targeted maximum
demand of 3,657.6 kW (red bars). The blue stepped line shows the cumulative amount of
energy (the sum of kWs every hour over the course of the day) that the battery would have
needed to discharge to shave MWRP’s peak electric demand on March 9, 2015 to the targeted
maximum kW.

7

In order to reduce peak demand by 710.4 kW on MWRP’s annual peak day, the DRES Battery would have been
needed during all of the 9 DRES dispatch hours.
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Figure D‐6. Amount of Electric Demand (kW) that Exceeded Targeted Peak Demand

Note that on that day, there were only 4 hours (midnight to 4:00 a.m.) when the battery would
not have been needed to reduce peak electric demand. Two key factors would need to be
known in order to state that this illustrative peak demand reduction could have been achieved:


The length of time needed to recharge the 2,500 kW battery at MWRP to full capacity, and



Whether the battery at MWRP can run for longer than its rated 6 hours duration, as long as
energy (kWh) remains that can be dispatched.

This conceptual illustration shows how a 2,500 kW battery at MWRP could have been operated
to reduce peak electric demand. This illustration ignores, however, the fundamental constraint
on DRES battery sites: SCE has priority dispatch rights during 9:00 a.m. through 6:00 p.m. every
day.
Further, shaving peak a few hours on any day will not reduce IRWD’s costs for electric demand
unless demand is shaved for all hours during the month that are subject to demand charges
that are targeted for reduction.
The above illustration applies to all DRES Battery Projects on IRWD sites: peak shaving is
technically possible, but contractually unlikely except under certain circumstances that cannot
be credibly predicted at this time.
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Non‐DRES Batteries
Since operation of the Non‐DRES Batteries is not subject to the DRES dispatch requirements,
AMS and IRWD can seek opportunities to reduce costs of retail electric service from SCE.
Savings opportunities include reducing peak demand (kW) charges, and also reducing energy
(kWh) costs by shifting electric energy use to lower cost time periods. Another potential
opportunity to reduce energy costs could be to recharge the Non‐DRES batteries during periods
of over‐generation ‐ i.e., times during the day when solar and wind energy production coincide,
with the result that more electricity may be produced during some hours of the day than there
is demand.

Portola Zone A‐C Pump Station (Non‐DRES Battery Storage Project)
As noted earlier, the sites of Non‐DRES Battery Projects tend to have low load factors. Low load
factor facilities provide more opportunities to earn significant revenues through peak demand
shaving and shifting electricity time‐of‐use to lower price periods.
Table D‐8. Portola 3‐5 and A‐C Pump Station Monthly Peak Days and Times (CY2015)
Non-DRES Portola 3-5 and A-C Pump Station Monthly Peak Days and Times
Total kWh
Max kW
LF%
Date
Time
Day of Week
97,434
568.8
23.02%
1/28/2015
11:30
Wednesday
126,720
578.9
32.58%
2/14/2015
12:30
Saturday
190,372
708.5
36.12%
3/30/2015
16:30
Monday
189,288
740.2
35.52%
4/17/2015
00:00
Friday
95,468
741.6
17.30%
5/7/2015
00:15
Thursday
179,694
751.7
33.20%
6/22/2015
23:00
Monday
143,810
745.9
25.91%
7/31/2015
00:15
Friday
189,575
743.0
34.29%
8/3/2015
22:45
Monday
140,793
577.4
33.86%
9/1/2015
00:00
Tuesday
201,290
571.7
47.33%
10/12/2015
15:30
Monday
153,699
548.6
38.91%
11/20/2015
00:15
Friday
83,645
388.8
28.92%
12/7/2015
16:15
Monday
Total Annual kWh: 1,791,789
Winter Month
Annual Peak kW: 751.7 kW [Monday, June 22, 2015 at 11:00 p.m.
Summer Month
Peak Day/Time
Avg. Annual Load Factor: 27.21%

Figure D‐7 shows why low load factor facilities are excellent candidates for peak shaving:
significant reductions in electric demand and costs are often achievable by taking actions a
small percentage of the time. In this case, peak electric demand could potentially have been
shaved at the Portola 3‐5 and A‐C Pump Station by 175.7 kW (23.4%) during CY2015 by taking
some type of demand response actions during 100 hours of the year (1.2% of the time).
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Figure D‐7. Portola 3‐5 and A‐C Pump Station Load Duration Curve, CY2015

The battery designated for this location is rated at 250 kW for 2 hours (discharge electric energy
capacity of 500 kWh). Many of the same types of considerations that apply to the DRES
batteries apply to Non‐DRES batteries. Figure D‐8 on the next page shows the hourly load
profile at this site during its annual peak day in CY2015 (June 22nd).
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Figure D‐8. Portola 3‐5 and A‐C Pump Station Hourly Electric Profile on June 22, 2015 (Annual Peak
Day)

The profile of the same load, 3 days later, looks significantly different:

Figure D‐9. Portola 3‐5 and A‐C Pump Station Hourly Electric Profile on June 25, 2015

SCE‐IRWD WATER‐ENERGY PILOT, PHASE 1 REPORT
Final Report March 14, 2017 – Appendix D

Page D‐29

Figure D‐9 shows that in order to achieve the same maximum demand on June 25th as for
June 22nd, mid‐peak demand would have needed to be shaved during 8.5 hours over 4 blocks of
time:





Midnight to 2:30 a.m. [2.5 hours]
10:00 a.m. to 11:30 a.m. [1.5 hours]
6:30 p.m. to 10:30 p.m. [4.0 hours]
11:30 p.m. to Midnight [0.5 hrs]

Although the total kWh needed (1,103) exceeds the Non‐DRES battery’s maximum electricity
storage of 500 kWh, this battery may have been able to maintain a maximum demand of
576 kW on this day if it could have been rapidly charged during the 15.5 hours when it was not
needed for peak shaving.
Both Figures D‐8 and D‐9 show that no peak shaving was needed during the highest cost
summer on‐peak hours because IRWD is already diligently scheduling its electric uses to the
lowest cost time periods whenever possible.
During summer months, in addition to the $14.88 per kW‐month Facility Charge assessed by
SCE under rate TOU‐8B on the maximum monthly demand for the facility overall, on‐peak
charges of $23.74/kW‐month and mid‐peak charges of $6.55/kW‐month are applicable. (The
Portola 3‐5 and A‐C Pump Station is on the same SCE tariff rate as MWRP: TOU‐8B.)
Table D‐9 shows that the Pump Station avoided the highest price energy and demand charges
on both June 22nd and June 25th. However, on both days, mid‐peak demand charges were
triggered.
Table D‐9. kWh Savings Needed to Reduce kW Charges: June 22nd vs. June 25th
Sum of Peak Demand Shaving Needed to Reduce Costs (kWh)

Daily
Totals
(kWh)

Date

Off-Peak
(Midnight8am)

Mid-Peak
(8amNoon)

On-Peak
(Noon–
6pm)

Mid-Peak
(6pm11pm)

Off-Peak
(11pm to
Midnight)

Monday, June 22nd

0

0

0

56

172

228

380

238

0

441

45

1,103

Thursday, June
25th
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In order to reduce electric demand costs during the above 2 days:


The targeted demand reduction of 175.7 kW is less than the maximum capacity of the
battery (250 kW) and is thus technically achievable.



The amount of electricity that would have been needed to avoid the Mid‐Peak Demand
Charge on Thursday, June 25th was 679 kWh ‐ more than the maximum discharge capacity
of the 2 hour x 250 kW battery (500 kWh), but not much more. The battery may have been
able to achieve all of the peak shaving needed on this day, if it had enough time to recharge
during the hours that it was not needed (see Figure D‐9).

Importantly, as noted previously, in order to reduce demand charges during any one month,
electric demand would need to be shaved to the level of the targeted demand reduction during
every hour of that month during which demand charges would otherwise be assessed.

In Summary
For all of the foregoing reasons, the conservative approach is to use AMS’ minimum revenue
guarantee as a proxy for the value of the AMS‐IRWD energy storage projects until more reliable
information becomes available, both with respect to the planned operations of the DRES
batteries and opportunities for optimizing the economic benefits of the Non‐DRES batteries.
(A detailed analysis about how the Non‐DRES batteries could be optimized is beyond the scope
of Phase 1 of the WE Pilot, but is planned for Phase 2, in conjunction with identification and
examination of other innovative preferred energy resource opportunities.
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This appendix provides a summary of SCE’s Pump Testing and Hydraulic Services program that
provides data and incentives that allow IRWD to maintain efficient pumps throughout the
District. In 2016, SCE performed 135 pumping tests and identified 54 with an efficiency less
than 70%. In the first quarter of 2017, IRWD expects to perform retrofits on 11 wells of those
wells that will results in annual savings of approximately 250 kW, 1.5 million kWh and $184,000.
Additional retrofits are anticipated to occur throughout 2017. Energy savings resulting from
pump test overhaul and upgrades are captured in IRWD’s forecast. Following is additional
information on:


SCE’s Pump Testing and Hydraulic Services program;



IRWD‐SCE partnership;



SCE pump test reporting;



IRWD’s retrofit goals; and



IRWD’s pump test opportunities.

SCE’s Pump Testing and Hydraulic Services Background
A variety of factors can affect a pump’s performance and cause energy and money to be
wasted. A pump does not have to be broken to be ineffective. There are many “working”
pumps that operate inefficiently. When one or more pumps are not operating efficiently, it may
take more energy than necessary for the pump to perform as needed. That creates not only an
inefficient use of a high‐demand resource; it also represents a steady flow of energy dollars
going down the drain. Thus, SCE deems it critically important to evaluate pumping plant
operating efficiency (OPE) routinely.
Since 1911, Southern California Edison (SCE) has provided free pump testing for their
customers. This service is part of SCE’s commitment to helping California businesses thrive
today and throughout the future. SCE’s Pump Testing and Hydraulic Services (PTHS) find
inefficiencies in a facility pumping system as all pumping systems have inefficiencies. SCE works
with customers to try and find the problems causing lowered efficiency and provide
information on how to fix them. The outcome of SCE’s PTHS provides information, advice and
incentives that encourage businesses to take practical steps to better manage their energy
usage and expenses.
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IRWD‐SCE Partnership
SCE’s PTHS centers on finding the OPE. OPE, also known as “Wire to Water”, is the ratio of
electrical input (kWh) to mechanical output (Acre‐Ft). Since 2014, Irvine Ranch Water District
(IRWD) and SCE have partnered together to conduct routine pump tests with the goal of
maximizing OPE, lowering energy costs and effectively managing energy use. The PTHS is one of
many joint partnership efforts between IRWD and SCE that supports the WE Pilot goals and
objectives.

SCE Pump Test Results
After collecting the necessary measurements, SCE provides a letter summarizing pump test
results and applicable cost analysis. SCE pump tests are given a permanent reference number,
so SCE can clearly exhibit the connection between the pump test and the pursuit of custom
incentives. The letter includes a results page showing measurements taken and supporting
calculations. The pump test letter also includes a cost analysis page. When OPE is inefficient,
the letter will provide operating cost information, recommend repairs and savings opportunity
for pump retrofit implementation.

IRWD’s Retrofit Goal
IRWD has a goal to routinely test every major pump throughout the year and actively pursue
cost‐effective retrofit efficiency projects for pump tests that fall below the 70% OPE and are
within annual budget limitations. IRWD has an internal policy that it will not replace a pump
solely because its OPE is < 70%. Rather, IRWD replaces or makes pump upgrades that are cost
effective and within annual budget limitations. For example a pump used once a month may
not be worth replacing. Additionally, if funding is limited in a given fiscal year, IRWD may have
limited funding to pursue efficiency improvements.
In 2016, this joint partnership performed a total of 135 pump tests, which 54 pump tests fell
below the 70% OPE threshold. Assuming IRWD pursued all 54 retrofit opportunities; the
estimated annual energy savings, peak demand reduction and incentive potential are shown in
Table E‐1 on the next page.
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Table E‐1. Summary of Estimated Savings Potential from 2016 Pump Test Results
Total 2016 Pump Tests
Pump Test Identified < 70% OPE
Estimated Annual Savings (kWh)
Estimated Peak Demand Reduction (kW)
Estimated Annual Savings(1) ($)
Estimated Incentive
(1)

135
54
2,668,106
1,100
$320,172
$159,708

Energy costs savings are estimated at $0.12/kWh.

IRWD’s Pump Test Opportunities
Table E‐3 identifies the 54 pump tests performed in 2016 that fell below IRWD’s 70% OPE
threshold and the results of each test. After pump tests are complete, IRWD receives a report
detailing pump test results. The report includes key information used by IRWD to determine the
cost effectiveness of an efficiency upgrade along with recommendations regarding financial
(the Improvement Annual Cost describing the estimated cost to perform the upgrade) and
energy savings (Estimated Annual Savings) that may be derived by improving pumping
productivity. The key information derived from the report helps IRWD decide if the project is
cost effective and if the retrofit should be implemented in a given year.
IRWD has the ability to pursue a pump retrofit customized incentive for up to two years after
the SCE pump test was performed. Table E‐2 illustrates the 11 pump tests that IRWD
determined to be cost effective and pursued as pump retrofit projects. As shown in Table E‐2,
the 2017 projects resulted in annual estimated savings of 250 kW, 1.5 million kWh and
$184,000. Only 1 pump test performed in 2015 resulted in a pump retrofit in 2017. The
remaining 10 pump tests were performed in 2016 resulting in varying pump retrofit
implementation dates scheduled to occur in Q1 of 2017.
Theoretically, pump tests identified in Table E‐3 are ones that IRWD could have converted into
project applications during Q1 of 2016. However, due to the CPUC’s disposition to retire the
pump overhaul measures in March 2016, this resulted in opportunities that were no longer
cost‐effective absent the SCE incentive.
Therefore, pump tests used to start the incentive application process would have been
conducted in Calendar Year 2015. However, any pump tests and associated pump test
reference numbers performed after March 2016 were likely reordered, but IRWD would not
have been able to proceed with any pump overhaul or upgrade because of the CPUC disposition
program restriction. The CPUC program restriction on pump upgrades resulted in differences
between the pumps actually tested and pursued an incentive in Table E‐2 and pumps actually
tested but not pursued as shown in Table E‐3.
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Table E‐2. IRWD Pump Retrofits Pursued 2017 Subsequent to SCE Pump Test
Description
IRWD Plant SOCWA PUMPS 3, 4 AND 5
Irvine Ranch Water District Multi Site
ZN B-D 1&4, ZN B PMP 1&2
IRWD EAST ZN 3-4 PMP 2, 3,& 4
IRWD IDP WELL 110
IRWD IDP WELL 77
PLANT FPS P4 – PT REF 29147
PUMP EAST IRVINE ZB P1, 2, 3 & 5
IRWD SHADY CYN P2, 3 & 4
IRWD MPS-2 P-5
IRWD LAKE FOREST & WELL

Pump Test
Reference #s
34636, 34637, 42689
23737, 29266, 29309,
8297
29205, 29208, 29209,
32193
29236, 29237, 29238
36316
36318
29147
29256, 29257, 29258,
29259
32406, 32405, 32404
34594
23812, 33416

11/24/2015

Est.
Completion
Date
01/11/2017

77.38

72,893

03/01/2016

03/01/2017

-

274,104

03/07/2016

12/31/2016

80.19

141,628

03/07/2016
03/08/2016
03/08/2016
03/08/2016

03/07/2017
03/08/2017
03/08/2017
03/08/2017

2.41
7.95
16.73

113,655
61,603
84,752
156,726

03/08/2016

03/08/2017

-

147,255

03/08/2016
03/09/2016
03/09/2016

03/08/2017
03/09/2017
03/09/2017
TOTALS

10.73
34.72
18.73
248.84

84,882
343,869
45,154
1,526,521

From Date

Project
kW

Project
kWh

Note: Annual Estimated Operating Cost savings of $183,182.52 assumes an estimated cost of energy use
at $0.12/kWh.
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Table E‐3. IRWD 2016 Pump Test Results with OPE < 70%
Project#
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

Pumping Plant
Name
IDP WELL 107
DYER WELL #15
DYER WELL #10
DYER WELL #17
HATS PUMP #2
HATS PUMP #1
CATS FEED PUMP
DYER WELL #16
SHADY CANYON
ZONE B PUMP3
SHADY CANYON
ZONE B PUMP2
NF FEED PUMP
FP-220
ET-1 PRODUCT
EAST IRVINE
ZONE 3-4 P4
EAST IRVINE
ZONE 3-4 P1
SOCWA PUMP #4
SHADY CANYON
ZONE B PUMP1
EAST IRVINE
ZONE 3-4 P2
LAWRP ZN A
RECLAIM P3
SOCWA PUMP #3
LAWRP ZN A
RECLAIM P1
SHADY CANYON
ZONE B PUMP4
TURTLE ROCK
ZONE B PUMP 1
LAWRP ZN A
RECLAIM P2
LAKE FOREST ZN
2 EAST P#4
OC 63 PUMP #2
TURTLE ROCK
ZONE B PUMP 2
LAWRP POND 5
PUMP #1
SANTIAGO ZONE 5
PUMP #3
SANTIAGO ZN 5
PUMP 2
LAWRP POND 5
PUMP #3
LAKE FOREST ZN
2 EAST P#2
LAWRP POND 5
PUMP #2
MANNING B#2
MANNING B#1
LAKE FOREST ZN
2 EAST P#1

5/25/16
3/24/16
3/24/16
3/24/16
3/17/16
3/17/16
1/14/16
8/18/16

Test
Efficiency
%
41.8
63.4
64.5
66.6
14.6
12.4
53.6
58.1

Improved
Efficiency
%
72
72
72
72
55
55
70
72

kWh
Annual
Savings
510,421
379,504
294,786
180,562
163,800
119,594
85,669
83,523

kW
Saving
s
60
44
34
21
43
44
1
50

Est.
Annual
Cost
$77,520
$225,241
$202,589
$177,540
$8,272
$4,868
$33,091
$41,876

Est.
Annual
Savings
$56,146
$30,360
$23,582
$14,445
$22,932
$16,743
$10,138
$10,023

Total
Potential
Incentive
$28,910
$21,606
$16,780
$10,322
$10,129
$8,376
$3,564
$3,341

32405

5/11/16

55.0

72

72,804

27

$23,590

$7,280

$2,912

32406

5/11/16

55.0

72

62,043

27

$20,097

$6,204

$2,482

41708

1/14/16

64.5

72

59,409

7

$60,058

$7,030

$3,321

41730

7/14/16

61.5

72

58,798

8

$34,592

$5,880

$3,423

29238

8/10/16

58.2

72

52,088

31

$21,874

$5,209

$2,084

29235

8/10/16

61.2

72

49,993

23

$28,332

$4,999

$2,000

34637

6/1/16

60.5

72

49,578

16

$31,311

$5,949

$3,963

32407

5/11/16

58.8

72

47,242

21

$20,952

$4,724

$1,890

29236

8/10/16

57.3

72

42,092

32

$16,453

$4,209

$1,684

42684

6/1/16

64.1

72

41,788

17

$40,835

$5,015

$3,784

34636

6/1/16

62.4

72

39,855

13

$31,029

$4,783

$3,183

42682

6/1/16

64.8

72

38,232

15

$41,489

$4,588

$3,448

32404

5/11/16

62.4

72

36,158

15

$23,552

$3,616

$1,446

29241

4/7/16

52.1

72

36,017

22

$14,176

$5,402

$1,441

42683

6/1/16

66.8

72

27,880

11

$42,579

$3,346

$2,505

23812

6/23/16

62.7

72

26,826

17

$27,138

$4,024

$1,073

29211

4/7/16

63.1

72

26,300

15

$24,279

$3,419

$1,052

29242

4/7/16

59.4

72

18,928

14

$13,445

$2,839

$757

42688

6/2/16

58.0

65

9,247

3

$9,123

$1,110

$732

14830

9/14/16

63.2

72

8,787

15

$10,791

$1,494

$715

14829

9/14/16

64.0

72

8,124

14

$11,012

$1,381

$658

42685

6/2/16

65.1

70

6,685

2

$10,623

$802

$542

23813

6/23/16

46.6

68

6,580

12

$2,147

$987

$263

42687

6/2/16

60.2

65

6,535

2

$9,791

$784

$519

33256
33255

3/16/16
3/16/16

56.4
56.9

68
68

6,130
5,710

6
6

$5,646
$5,557

$1,165
$1,085

$385
$361

8223

6/23/16

48.9

68

5,678

10

$2,176

$852

$227

Ref#

Test
Date

35513
23993
29308
29310
71156
71155
34524
29309
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Project#
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54

Pumping Plant
Name
FOOTHILL 6A
PUMP #4
LAKE FOREST ZN
2 WEST P#2
FOOTHILL 6A
PUMP #2
READ PUMP
STATION PUMP #1
NF FEED PUMP
FP-120
EAST IRVINE
ZONE 3-4 P3
BACKWASH
SUPPLY PUMP #3
BACKWASH
SUPPLY PUMP #1
EAST IRVINE
ZONE 1-3 P #2
EAST IRVINE
ZONE 1-3 P #1
EAST IRVINE
ZONE 1-3 P #3
EAST IRVINE
ZONE 1-3 P #4
RO FEED PUMP 3
RO FEED PUMP 2
PRODUCT PUMP 3
RO FEED PUMP 1
PRODUCT PUMP 1
Williams (Benner)
Pump #1
PRODUCT PUMP 2

Ref#

Test
Date

Test
Efficiency
%

Improved
Efficiency
%

kWh
Annual
Savings

kW
Saving
s

Est.
Annual
Cost

Est.
Annual
Savings

Total
Potential
Incentive

29222

6/15/16

59.7

68

4,954

5

$4,990

$694

$198

23567

6/9/16

59.6

68

3,854

5

$3,013

$424

$154

29221

6/15/16

61.6

68

3,736

4

$5,041

$523

$149

34582

2/4/16

49.9

62

3,584

4

$2,887

$703

$242

41707

1/14/16

64.9

72

2,349

6

$2,552

$278

$889

29237

8/10/16

54.1

72

1,388

39

$419

$139

$56

42056

1/27/16

65.5

72

515

3

$551

$55

$383

42054

1/27/16

67.0

72

331

2

$469

$35

$285

29224

3/31/16

37.9

72

6

67

$1

$1

$0

29223

3/31/16

40.2

72

5

59

$1

$1

$0

29225

3/31/16

50.0

72

4

64

$1

$0

$0

29226

3/31/16

50.3

72

4

62

$1

$0

$0

34790
34789
34781
34788
34779

2/18/16
2/18/16
2/18/16
2/18/16
2/18/16

52.1
57.4
59.2
63.0
64.4

72
72
72
72
72

3
2
2
2
1

21
16
23
6
8

$1
$1
$1
$2
$2

$0
$0
$0
$0
$0

$1,986
$1,515
$2,161
$561
$788

27391

3/16/16

63.5

70

1

5

$3

$0

$0

34780

2/18/16

67.4

72

1

5

$2

$0

$466
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APPENDIX F

Greenhouse Gas (GHG) Emission
Reduction Calculations
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APPENDIX F
Greenhouse Gas (GHG) Emission Reduction
Calculations
The amount of greenhouse gas (GHG) emissions associated with the use of electricity, provided
by an electric supplier like SCE to a user like IRWD, depends on the:
1) resource mix used to generate the electricity; and
2) associated emissions generated by each resource that generated the electricity.
For example, solar and hydropower resources have no GHG emissions while natural gas and
coal fired power plants will. Additionally, the resource mix for an electric supplier will change
from one year to the next. This study identifies three 2015 GHG emission reduction factor
sources for potential use.
Table F‐1 presents a summary of these three 2015 GHG emission factors including Climate
Leadership, SCE Portfolio and EPA. The Climate Leadership emission factor was used by IRWD
in their 2015 report to the Climate Registry based on their reporting requirements. The SCE
Portfolio emission factor was taken from SCE’s 2015 Corporate Responsibility report and was
used to calculate GHG emission reductions associated with various Savings by Design projects.
The EPA emission factor presented is for comparison purposes only.
Table F‐1. Summary of 2015 GHG Emission Factors and a Typical Energy Savings Application

Source
Climate Leadership (1)
SCE Portfolio
EPA

Electrical GHG
Emission Factor (Co2e
metric tons / MWh)
0.29
0.23
0.70

Michelson’s
Biosolids Facility
Energy Savings
(MWh/yr.)
3,211
3,211
3,211

GHG Emission
Reduction
CO2e/yr.
931
738
2,247

(1) Calculated using California emission factors for CO2, CH4 and N20 and standard 100‐year global warming potential values for each.

As shown in Table F‐1, both the Climate Leadership (0.29) and SCE Portfolio (0.23) GHG
emission factors are relatively similar while the US EPA emission factor (0.70) is significantly
different. These emission factor differences are attributed to the area represented by each
source. California uses the Climate Leadership, SCE uses its SCE Corporate Responsibility Report
for its service territory, and the US uses EPA for its GHG emission reduction estimates.
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Table F‐1 also shows the different GHG emission factors applied to the annual energy savings
estimated for a typical Savings by Design new construction custom incentive application from
IRWD to SCE. As expected, the difference in the GHG emission factors result in a difference in
the GHG emission reduction estimate. Attachment 1 to this appendix provides additional
background and data.

Recommendation
SCE’s Portfolio GHG emission factor represents the best estimate for IRWD’s service area
because the GHG emission factor is consistent with prior estimates used by IRWD and SCE
when calculating energy savings. Therefore, a GHG emission factor of 0.23 Co2e metric tons /
MWh is recommend for electrical use in this study.
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Appendix F: Attachment 1
Electrical Green House Gas Emission Factors
For this study, three 2015 sources of greenhouse gas (GHG) emission factors were identified for
potential use including: Climate Leadership, SCE’s Portfolio and the US EPA. The following is a
description of each GHG emission factor source.

1 ‐ Climate Leadership Emission Factors for GHG Inventories
The first GHG emission factor source comes from the Climate Leadership. According to the
EPA’s Climate Leadership Emission Factors for GHG Inventories (last modified on November 19,
2015), the Total Output Electricity Emission Factors are listed in Table F‐2 below. For
California’s eGRID sub region CAMX (WECC California), the CO2, CH4, and N2O factors are
650.31, 0.03112 and 0.00567 lbs./MWh, respectively.
Table F‐2 Climate Leadership Non Converted GHG Electricity Emission Factors1

1

Table 6, EPA eGRID2012, October 2015.
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Converting to Carbon Dioxide Equivalent (CO2e)
According to Climate Leadership, GHG emissions are typically reported in units of carbon
dioxide equivalent (CO2e). Gases are converted to CO2e by multiplying by their global warming
potential (GWP). The emission factors listed in Table F‐2 on the previous page have not been
converted to CO2e.
To do so, one must multiply the emissions by the corresponding global warming potential
(GWP). In general, the 100 year GWPs reported by the Intergovernmental Panel on Climate
Change (IPCC) are used to estimate GHG emissions. The GWPs were derived from the IPCC’s
Fourth Assessment Report2 and listed in Table F‐3.
Table F‐3. Global Warming Potentials for Primary Greenhouse Gases
Global Warming Potential (GWP)
Greenhouse Gas
Carbon dioxide (CO2)
Methane (CH4)
Nitrous oxide (N2O)

100‐year

20‐year

1
25
298

1
72
289

Discussions with IRWD staff in December of 2016 revealed that GWP coefficients were updated
as follows:
Table F‐4. IRWD Updated GWP Coefficients

Greenhouse Gas
Carbon Dioxide (CO2)
Methane (CH4)
Nitrous Oxide (N2O)

Global Warming Potential (GWP) 100‐yr
1
21
310

Subsequently, Equation 5 calculates the Carbon Dioxide Equivalent (CO2e)/MWh emission
factor by multiplying the 100‐year GWP coefficients (listed in Table 2) with the eGRID CO2, CH4,
and N2O electricity emission factors (650.31, 0.03112 and 0.00567 lbs./MWh, respectively) from
Table F‐2.

2

IPCC Fourth Assessment Report: Climate Change 2007. Direct Global Warming Potentials. (2013)
https://www.ipcc.ch/publications_and_data/ar4/wg1/en/ch2s2‐‐10‐‐2.html
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Equation 5 was derived from the 2016 Estimating Annual Average Greenhouse Gas Emission
Factors for the Electric Sector: A Method for Inventories Report.3

Although Equation 5 specifically calculates the Carbon Dioxide Equivalent (CO2e) for facility‐
specific plant annual net generation emissions, Equation 5 can also be used to calculate Carbon
Dioxide Equivalent (CO2e) emission reduction based on energy efficiency savings. The
Michelson Biosolids Facility Savings By Design project yielded an estimated annual energy
savings of 3,311,334 kWh or 3,311 MWh.
Equation 6 calculates the emission reductions (in Carbon Dioxide Equivalent (CO2e lbs. / MWh)
resulting from the Michelson Biosolids Facility new construction energy efficiency project
installation.
Equation 6 Carbon Dioxide Equivalent (CO2e lbs.)/MWh Emission Reduction
for Michelson Biosolids Facility

[GWP(CO 2) * (lbs

[(1) * (650.31 lbs

CO 2

CO 2

)  GWP(CH 4) * (lbs CH 4 )  GWP( N 2O ) * (lbs
EnergySavings( MWh)

)  (21) * (0.03112 lbs CH 4)  (310) * (0.00567 lbs
(3,211 MWh)

N 2O

)]

N 2O

)]

= 652.72 CO2e lbs. / MWh

3

University of San Diego Law’s Energy Policy Initiatives Center: Estimating Annual Average Greenhouse Gas
Emission Factors for the Electric Sector: A Method for Inventories Report
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Equation 7 converts Carbon Dioxide Equivalent (CO2e lbs.)/MWh Emission Reduction to Carbon
Dioxide Equivalent (CO2e tons)/MWh.
Equation 7 Carbon Dioxide Equivalent (CO2e lbs.)/MWh to (CO2e tons)/MWh Conversion Factor

1 ton of CO2
2,204 lbs. of CO2

The Carbon Dioxide Equivalent (CO2e tons)/MWh emission factor resulting from implementing
the Michelson Biosolids Facility new construction energy efficiency project is shown in
Equation 8.
Equation 8 Carbon Dioxide Equivalent (CO2e tons)/MWh Emission Reduction Factor

652.72 CO 2e lbs. / MWh *

1 ton of CO2
= 0.29 ton of CO2e / MWh
2,204 lbs. of CO2

Equation 9 calculates the GHG emission reductions in Carbon Dioxide Equivalent (CO2e tons) for
implementing the Michelson Biosolids Facility new construction energy efficiency project.
Equation 9 Michelson Biosolids Facility Climate Leadership GHG Emission Reductions Approach

0.29 ton of CO2e / MWh * 3,211 MWh Savings  931 tons of CO2e
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2 ‐ Southern California Edison’s (SCE) GHG Emission Factors
The second GHG emission factor source comes from SCE’s 2015 Corporate Responsibility
Report. The report indicates that SCE’s 2015 generation mix included 26% of renewable energy
generation4. Figure F‐1 below illustrates SCE’s average GHG emission factors per unit of
electricity provided from 2013‐2015.
The 2015 average GHG emission factor per unit of electricity provided is 0.23 CO2e Metric Ton
Equivalent/MWh. SCE’s GHG emission factor is lower than the Climate Leadership GHG
emission factor as shown and calculated in Equations 6 through 9 (0.29 CO2e Ton
Equivalent/MWh).
Figure F‐1 SCE’s 2013‐2015 GHG Emission per Unit of Electricity Provided Factors

Equation 10 calculates the GHG emission reductions in Carbon Dioxide Equivalent (CO2e tons)
for implementing the Michelson Biosolids Facility new construction energy efficiency project
using SCE’s 2015 average GHG emission factor per unit of electricity provided (0.23 CO2e Metric
Ton Equivalent/MWh).
Equation 10 Michelson Biosolids Facility SCE’s 2015 GHG Emission Reduction Approach

0.23 ton of CO2e / MWh * 3,211 MWh Savings  738 tons of CO2e

4

SCE 2015 Corporate Responsibility Report page 28.
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3 ‐ EPA GHG Emission Factors
The third GHG emission factor source comes from EPA’s Greenhouse Gas Equivalencies
Calculator, which uses the Emissions & Generation Resource Integrated Database (eGRID) U.S.
annual non‐baseload CO2 output emission rate to convert reductions of kilowatt‐hours into
avoided units of carbon dioxide emissions.
According to EPA, most users of the Equivalencies Calculator who seek equivalencies for
electricity‐related emissions want to know equivalencies for emissions reductions from energy
efficiency or renewable energy programs. These programs are not generally assumed to affect
baseload emissions (the emissions from power plants that run all the time), but rather non‐
baseload generation (power plants that are brought online as necessary to meet demand). For
that reason, the Equivalencies Calculator uses a non‐baseload emission rate.
Accordingly, EPA estimates GHG emission factor using the following assumption:
Emission Factor: 7.03 × 10‐4 metric tons CO2 / kWh or 0.703 metric tons of CO2/MWh5
 This calculation does not include any greenhouse gases other than CO2.
 This calculation does not include line losses.
Equation 11 Michelson Biosolids Facility EPA’s GHG Emission Reduction Approach

0.70 ton of CO2e / MWh * 3,211 MWh Savings  2,247 tons of CO2e
Table F‐5 below provides a summary comparison of the three different GHG Emission
Reduction sources. For this report, SCE’s Portfolio GHG emission factor represents the best
estimate for IRWD’s service area because the GHG emission factor is consistent with prior
estimates used by IRWD and SCE when calculating energy savings.

Therefore, a GHG emission factor of 0.23 Co2e metric tons/MWh
is recommend for electrical use in this study.

5

https://www.epa.gov/energy/greenhouse‐gases‐equivalencies‐calculator‐calculations‐and‐references
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Table F‐5. Summary of Different GHG Emission Reduction Factor Approaches
Greenhouse
Gas
Climate
Leadership
SCE
EPA

GHG Reduction Factor

Michelson’s Biosolids Facility
Energy Savings (MWh)

GHG Emission
Reductions

3,211

931

3,211

738

3,211

2,247

0.29 CO2e Ton
Equivalent/MWh
0.23 CO2e Metric Ton
Equivalent/MWh
0.70 CO2e Ton
Equivalent/MWh
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APPENDIX G

Future Forecast
of IRWD’s Electrical Use, Demand,
Cost and GHG Emissions
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APPENDIX G
Future Forecast of IRWD’s Electrical Use,
Demand, Cost and GHG Emissions
This appendix describes IRWD’s current and future electrical use, demand, cost and GHG
emissions estimated from 2015 to 2035 for the SCE‐IRWD Water‐Energy Pilot (WE Pilot). It
includes all projects that exist in 2015 (when the project started) and a suite of future projects
that are currently under construction or planned from 2016 to 2035. The future forecasts
include a number of engineering estimates that are described in Section G.1.

G‐1. Summary Future Electrical Use, Demand, Cost and GHG Emissions
Table G‐1 presents a summary of IRWDs estimated electrical use, demand, cost and GHG
emissions in 5‐year increments from 2015 to 2035. As shown in 2035, annual electricity use is
about 228 million kWh, electricity demand is about 46,750 kW, electricity costs were about
$40 million and GHG emissions were about 52,442 MTCO2e.1 When compared to 2015, these
values represent a 108% increase in electricity use, a 67% increase in demand, a 210% increase
in cost and a 108% increase in GHG emissions.2 Future costs increase more than the other
elements because it includes a 2% annual increase in electrical rates. Future projections that
include the reductions associated with existing and future energy savings projects are described
in the main report and Appendix B.
For purposes of this study, the enclosed future forecasts represents a reasonable estimate to
serve as a baseline to demonstrate the long‐term benefit of implementing energy savings
projects. Following is a summary of key estimates used to prepare the forecast:


Current (2015) and future (2016‐2035) electricity use, demand, cost and GHG emissions
that occurred outside IRWD’s service area to provide imported water or treat exported
biosolids are not included.

1

“MTCO2e” (Metric Ton of carbon dioxide equivalents) is a measurement of greenhouse gas emissions. One
metric ton (tonne) is equivalent to 1,000 kilograms (2,205 pounds).
2
GHG Emissions were estimated using SCE’s 2015 GHG conversion factor of 0.23 MTCO2e per megawatt hour
(MWh, or 1,000 kWh; see Appendix F). This estimate has not been adjusted for anticipated changes in California’s
electric supply portfolio over time. In particular, the 2015 average GHG intensity of SCE’s electric supply portfolio
does not reflect the impact of California’s aggressive 50% RPS policy goal (i.e., California policy has mandated
increasing the amount of low GHG intensity renewable energy in its statewide portfolio to 50% by 2030).
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Future estimates for MWRP Phase 2, Baker WTP and the MWRP Biosolids do not include the
reductions associated with implementing the Savings by Design upgrades already
implemented in cooperation with SCE. These savings are described in the main report and
Appendix B.



Future estimates for Baker WTP represent the entire facility (43.5 cfs) not IRWD’s portion
(10.5 cfs).



Future groundwater use assumes recycled water is not excluded from IRWD’s total water
demand from the Orange County Aquifer. In addition, no additional IRWD lands will be
annexed into OCWD’s service area.



The future impact of IRWD’s plan to install 7,000 kW of batteries with Advanced
Microsystems are not shown because they are still being developed.



Future costs were estimated using IRWD’s average 2015 billing rate (12 cents per kWh) with
an annual escalation of 2% per year.



Greenhouse gas emissions were estimated using SCE’s 2015 greenhouse gas conversion
factor of 0.23 MTCO2e/MWh (see Appendix F).

Table G‐1. Annual Electrical Use, Demand, Cost and GHG Emissions – Baseline Forecast
Year

2015
2020
2025
2030
2035
% Change: 2015-2035

Annual Electric Use
Total Energy (kWh)
Max. Demand (kW)

109,394,190
199,553,663
223,296,817
225,787,944
228,009,945
108%

28,048
41,917
46,064
46,426
46,750
67%

Annual Electric Costs
($ millions)

Annual GHG Emissions
(MTCO2e)

$12.9
$25.9
$32.0
$35.7
$39.8
210%

25,161
45,897
51,358
51,931
52,442
108%

Figures G1 and G‐2 on the next page present future electrical use and electrical costs from 2015
to 2035. As shown, significant jumps occur in both graphs in 2016 when the MWRP phase 2
comes on‐line, in 2017 when the Baker WTP and Future Wells comes on‐line, in 2018 when the
MWRP Biosolids Handling Project comes on‐line, in 2023 when the Syphon Reservoir comes on‐
line and in 2025 when the MWRP phase 3 expansion comes on‐line. Future energy demands
and GHG estimates, not shown, have a shape similar to future electrical use (Figure G‐1).
The following sections provide additional detail used to develop IRWD’s current and future
electrical use, demand, cost and GHG emissions.
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Figure G‐1. IRWD’s Electrical Use Forecast

Figure G‐2. IRWD’s Electrical Cost Forecast
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G‐2. Approach to Estimate Future Electrical Use, Demand, Cost and
GHG Emissions
IRWD’s forecasted electricity use, demand, cost and GHG estimates consist of two components:
1. Current (2015) estimates obtained or calculated from SCE’s billing records and
2. Future planned or authorized projects expected to come on‐line from 2016 to 2035.
The approach to estimate each are described below.

Current Electrical Use, Demand, Cost and GHG Estimates
IRWD’s current (2015) electricity use, demand, cost and associated GHG emissions are
presented in Table G‐2 by major IRWD facility type. The current energy use and demand were
developed from metered data obtained from SCE, facility mapping provided by IRWD and the
engineering estimates described in section G1. As shown, 2015 electricity use was about
117 million kWh, electricity demand was about 28,000 kW, electricity costs were about
$14 million and GHG emissions were about 27,000 MTCO2e.
Table G‐2. Existing IRWD Facilities Included in the Baseline Forecast
Facility
Number
1

Facility Code

7
8
9
10

Collections
Collections
Lift Station
DATS
DRWF
DW
DW & RW
Pump
DW Other
DW Pump
DW Well
IDP

11

ILP Untreated

12
13
14
15
16
17
18
19
20

LAWRP
MWRP
NTS
Offices
RW
RW Pump
RW Well
Well 21&22
Non-IRWD

2
3
4
5
6

Energy
(kWh)

Facilities Description
Sewage Pumping

3,752

1.0

994,510

449.0

9,267,083
20,556,490
313,273

1,238.0
5,002.1
89.0

1,981,980

797.0

1,313
14,795,694
808,469
4,887,359

1.0
7,130.4
718.0
1,027.3

111,811

15.0

7,762,444
28,673,795
62,995
1,274,439
4,801,219
6,502,417
3,658,031
2,887,512
49,604
109,394,190

1,232.0
4,368.0
20.0
362.0
1,076.2
2,755.7
846.0
904.0
16.0
28,047.7

Sewage Lift Stations
Deep Aquifer Treatment System
Dyer Road Well Field
Drinking Water
Drinking Water and Recycled Water
Pumps
Drinking Water, Misc.
Drinking Water Pump
Drinking Water Well
Irvine Desalter Project
Irvine Lake Pipeline Untreated
Water
Los Alisos Water Recycling Plant
Michelson Water Recycling Plant
Natural Treatment System
Office Buildings
Recycled Water
Recycled Water Pump
Recycled Water Well
Wells 21 & 22
Rented/Leased Facilities
TOTALS

Demand
(kW)
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$1,160.00

GHG
Emissions
(MTCO2e)
0.86

$142,151.22

228.74

$1,096,690.73
$2,080,474.45
$82,400.89

2131.43
4727.99
72.05

$347,913.15

455.86

$980.40
$2,005,050.81
$167,106.58
$559,758.69

0.3
3403.01
185.95
1124.09

$11,815.46

25.72

$961,988.11
$3,034,828.65
$13,182.18
$191,717.19
$534,646.64
$827,277.24
$405,130.23
$395,082.22
$5,827.88
$12,865,182.72

1785.36
6594.97
14.49
293.12
1104.28
1495.56
841.35
664.13
11.41
25,160.67

Electric Costs
($2015)
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Future Electrical Use, Demand, Cost and GHG Estimates
IRWD’s future (2016 to 2035) electricity use, demand, cost and associated GHG emissions are
presented in Table G‐3 by project along with the year they plan to be on‐line. As shown, the
2015 total (existing and future) annual electricity use was estimated to be about 228 million
kWh, electricity demand totaled about 48,000 kW, energy costs totaled about $40 million and
GHG emissions total about 52,000 MTCO2e. Section G‐1 describes the key estimates used to
Future estimates include the key estimates described in Section G‐1.
Table G‐3. Planned Facilities Included in the Baseline Forecast
Facility
No.

Name

In-Service

Future Forecast (Year 2035)

Year

Initial
Capacity

Capacity
in 2035

Energy
(kWhr)

Demand
(kW)

Electric
Costs
($2035)

GHG
Emissions
(MTCO2e)

21

MWRP Ph.2

2016

18 MGD

28 MGD

20,771,476

2,927

$3,703,838

4,777

22

MWRP Ph.3

2025

28 MGD

33 MGD

12,959,355

1,826

$2,310,830

2,981

23
24

Baker Treatment Plant
MWRP Biosolids Project
Misc. Future Groundwater
Wells
Syphon Reservoir &
Peters Canyon Diversion
Project

2017
2018

28.1 MGD
24.2 MGD

28.1 MGD
33.0 MGD

18,713,187
37,193,345

3,095
5,587

$3,336,817
$6,632,082

4,304
8,554

2017

9.9 MGD

9.9 MGD

20,022,592

4,571

$3,570,302

4,605

2017

n/a

n/a

8,955,800

2,027

$1,596,942

2,060

25
26

Impact of System Additions on Annual Electric Requirements (CY2035)

118,615,755

20,033

$21,150,811

27,281

Add: Baseline CY2015 Electric Requirements (Costs Adjusted for CY2035
Rates)

109,394,190

28,048

$18,694,657

25,161

Total CY2035 Electric Requirements, Costs and GHG Emissions

228,009,945

48,081

$39,845,468

52,442

G.3 Source Data
The following sections present additional information used to estimate future energy use.
MWRP Phase 2 and Phase 3
Future Electricity use for MWRP Phase 2 and 3 without any Savings by Design upgrades were
estimated as follows:


Electricity Intensity was estimated using a relationship between flow and electricity use at
MWRP for the MBR and Activated Sludge processes presented in Table G‐4 (Kennedy Jenks,
July 24, 2012).
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Table G‐4. MWRP Water Treatment Electricity Intensity
System

Flow (MGD)
13.30
10.80

Activated Sludge
Membrane Bioreactor (MBR)

kWh/year
15,185,163
16,874,181

kWh/MG
3,128
4,281



Base Electricity use (kWh/year) was estimated using the electricity intensities presented
above, base loading the MB system with 10 MGD in Phase 2 and 15 MGD in Phase 3 and
providing the remaining inflow to the Activated Sludge system. For example, a 19.5 MGD
inflow is estimated to require approximately 26 million kWh/year (10 MGD * 4,281
kWh/MG + 9.5 MGD * 3,128 kWh/MG) * 365 days/year). This estimate includes the Savings
by Design reductions implemented with SCE.



Energy demand (kW) was estimated using a load factor of 81% obtained from the 2015
MWRP energy use data obtained from SCE.



Future costs were estimated using IRWD’s average 2015 billing rate (12 cents per kWh) with
an annual escalation of 2% per year.



Greenhouse gas emissions were estimated using SCE’s 2015 greenhouse gas conversion
factor of 0.23 MTCO2e/MWh (see Appendix F).



The Savings by Design reductions of 5,147,234 kWh/year and 587.7 kW (SCE, August 27,
2010) were added to the base estimates.



Phase 2 and Phase 3 were estimated to begin operation in 2016 and 2025, respectively and
grow in proportion to IRWD population projections.



Final future estimates for MWRP Phase 2 and 3 without any Savings by Design upgrades are
presented in Table G‐5 and Table G‐6 for MWRP Phase 2 and Phase 3, respectively.

Table G‐5. MWRP Phase 2 Future Energy Forecast without Savings by Design Upgrades
YEAR

MGD

Electricity Use
(kWh/yr)

2016
2020
2025
2030
2035

20.9
27.5
30.9
32.0
33.0

12,715,347
20,223,440
20,771,476
20,771,476
20,771,476

Electricity
Demand (kW)

Cost ($)

1,792
2,850
2,927
2,927
2,927

$1,556,358
$2,679,397
$3,038,438
$3,354,681
$3,703,838
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GHG
Emissions
(tonne/yr)
2,925
4,651
4,777
4,777
4,777
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Table G‐6. MWRP 3 Future Energy Forecast without Savings by Design Upgrades
Year

MGD

Electricity Use
(kWh/yr)

Electricity
Demand (kW)

Cost ($)

2016
2020
2025
2030
2035

20.9
27.5
30.9
32.0
33.0

0
0
10,613,076
11,864,425
12,959,355

0
0
1,496
1,672
1,826

$0
$0
$1,552,474
$1,916,154
$2,310,830

GHG
Emissions
(tonne/yr)
0
0
2,441
2,729
2,981

Baker Water Treatment Plant
Future Energy Use data for the Baker Water Treatment Plant without SCE’s Savings by Design
upgrades were estimated as following:


The base energy use of 15,318,627 kWh/year was obtained from a Cost of Water Analysis
developed by Michael Baker and Associates (May 2013). This estimate recognizes the plant
will operate about 330 days a year and includes the Savings by Design reductions
implemented with SCE.



The base energy demand (kW) was estimated using a load factor of 69%.



Future costs were estimated using IRWD’s average 2015 billing rate (12 cents per kWh) with
an annual escalation of 2% per year.



Greenhouse gas emissions were estimated using SCE’s 2015 greenhouse gas conversion
factor of 0.23 MTCO2e/MWh (see Appendix F).



The Savings by Design reductions of 3,393,060 kWh/year and 557.4 kW (SCE February 20,
2012) were added to the base estimates.



The plant was estimated to operate at full capacity (43.5 cfs) once it begins operation.



Final future estimates for the Baker Treatment plant are presented in Table G‐7.

Table G‐7. Baker Treatment Plant Future Energy Forecast without Savings by Design Upgrades
YEAR

MGD

Electricity Use
(kWh/yr)

Electricity
Demand (kW)

Cost ($)

2017
2020
2025
2030
2035

28.1
28.1
28.1
28.1
28.1

18,713,187
18,713,187
18,713,187
18,713,187
18,713,187

3,092
3,092
3,092
3,092
3,092

$2,336,304
$2,479,304
$2,737,352
$3,022,258
$3,336,817

SCE‐IRWD WATER‐ENERGY PILOT, PHASE 1 REPORT
Final Report March 14, 2017 – Appendix G

GHG
Emissions
(tonne/yr)
4,304
4,304
4,304
4,304
4,304
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MWRP Biosolids Project
Future Energy Use data for the MWRP Biosolids Project without SCE’s Savings by Design
upgrades were estimated as follows:


The base energy use of 33,982,011 kWh/year was obtained from a Biosolids Load Study by
Black and Veatch (November 29, 2016) for a design flow of 33 MGD to the water treatment
plant. This estimate includes the Savings by Design reductions implemented with SCE but
does not include the power produced by the facility’s microturbines.



The base energy demand (kW) was estimated using a load factor of 75%.



Future costs were estimated using IRWD’s average 2015 billing rate (12 cents per kWh) with
an annual escalation of 2% per year.



Greenhouse gas emissions were estimated using SCE’s 2015 greenhouse gas conversion
factor of 0.23 MTCO2e/MWh (see Appendix F).



The Savings by Design reductions of 3,211,324 kWh/year and 398.8 kW (SCE February 28,
2014) were added to the base estimates.



Energy use over time was estimated to grow from an inflow of 22 MGD to the water
treatment plant in 2018 and increase to 33 MGD in year 35 proportional to IRWD
population projections.



Final future estimates for the MWRP Biosolids Project are presented in Table G‐8.

Table G‐8. MWRP Biosolids Future Energy Forecast without Savings by Design and Microturbine
Upgrades
Year

MGD

Electricity Use
(kWh/yr)

Electricity
Demand (kW)

Cost ($)

2018
2020
2025
2030
2035

24.2
27.5
30.9
32.0
33.0

27,275,120
30,994,454
34,826,496
36,066,274
37,193,345

4,097
4,655
5,231
5,417
5,587

$3,473,349
$4,106,446
$5,094,396
$5,824,855
$6,632,082

GHG
Emissions
(tonne/yr)
6,273
7,129
8,010
8,295
8,554

Miscellaneous Future Groundwater Wells
Future Energy Use by new groundwater wells without SCE’s Savings by Design upgrades were
estimated as follows:


The base energy use of 20,022,592 kWh/year was estimated using an average electrical
intensity of 1,621 kWh/AF (Kennedy and Jenks, July 24, 2012) and a future production of
12,532 AF/year beginning in 2017. This production amount assumes recycled water is not
excluded from IRWD’s total water demand from the Orange County Aquifer and no
additional IRWD lands will be annexed into OCWD’s service area.
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The base energy demand (kW) was estimated using a load factor of 50%.



Future costs were estimated using IRWD’s average 2015 billing rate (12 cents per kWh) with
an annual escalation of 2% per year.



Greenhouse gas emissions were estimated using SCE’s 2015 greenhouse gas conversion
factor of 0.23 MTCO2e/MWh (see Appendix F).



The Savings by Design reductions were 0 kWh/year and 0 kW since an application has not
been submitted to SCE for these projects.



Energy use was estimated to operate at full capacity once a well begins operation.



Final future estimates for the miscellaneous future groundwater wells are presented in
Table G‐9.

Table G‐9. Future Groundwater Wells without Savings by Design Upgrades
Year

MGD

Electricity Use (kWh/yr)

Electricity Demand (kW)

Cost ($)

2017
2020
2025
2030
2035

9.9
9.9
9.9
9.9
9.9

20,022,592
20,022,592
20,022,592
20,022,592
20,022,592

4,571
4,571
4,571
4,571
4,571

$2,499,781
$2,652,787
$2,928,891
$3,233,733
$3,570,302

GHG Emissions
(tonne/yr)
4,605
4,605
4,605
4,605
4,605

Syphon Reservoir and Peters Canyon Diversion Project
Future Energy Use data for Syphon Reservoir and Peters Canyon Diversion Project without SCE’s
Savings by Design upgrades were estimated as follows:


The 8,750,000 kWh/year base energy use for Syphon reservoir was obtained from the
Syphon Reservoir Expansion Engineering Feasibility Study by GEI (August 2012) and the
Energy and Green House Master Plan by Kennedy and Jenks (July 24, 2012). The 205,800
kWh/year base energy use of the Peters Canyon Diversion Project was obtained from the
2017‐2018 O&M Annual Budget (IRWD, December 15, 2016).



The base Electricity demand (kW) was estimated using a load factor of 50% for Syphon
Reservoir and 80% for Peters Canyon Diversion Project.



Future costs were estimated using IRWD’s average 2015 billing rate (12 cents per kWh) with
an annual escalation of 2% per year.



Greenhouse gas emissions were estimated using SCE’s 2015 greenhouse gas conversion
factor of 0.23 MTCO2e/MWh (see Appendix F).



The Savings by Design reductions were 0 kWh/year and 0 kW since an application has not
been submitted to SCE for these projects.
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Energy use was estimated to operate at full capacity once a project begins operation. The
Peters Canyon Diversion began operation in 2017 and Syphon Reservoir is estimated to be
on‐line in 2023.



Final future estimates for Syphon Reservoir and Peters Canyon Diversion Project are
presented in Table G‐10.

Table G‐10. Syphon Reservoir and Peters Canyon Diversion Project without Savings by Design
Upgrades
Year

MGD

Electricity Use (kWh/yr)

Electricity Demand (kW)

Cost ($)

2017
2020
2025
2030
2035

0
0
0
0
0

205,800
205,800
8,955,800
8,955,800
8,955,800

29
29
2,027
2,027
2,027

$25,694
$27,266
$1,310,048
$1,446,399
$1,596,942
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GHG Emissions
(tonnes/yr)
47
47
2,060
2,060
2,060
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APPENDIX H

Electric System Planning Concepts
And Key Preferred Resources Policies
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APPENDIX H
Electric System Planning Concepts
And Key Preferred Resources Policies
Electric System Planning Concepts
Four electric system planning concepts are particularly important to the discussion and analysis
of IRWD's electric requirements, both during the WE Pilot Base Year of 2015 and for
subsequent years (projection period 2016‐2035). Those concepts:


Energy (kWh) vs. Demand (kW),



Coincident vs. Non‐Coincident Peak,



Load Factor, and



Load Duration Curve

are described on the following pages.

A Practical Application of Energy, Demand and Load Factor
Below is an illustration of the relationships among Energy, Demand and Load Factor.

The above data are from the August 2015 bills for two facilities that are billed on the same electric tariff
(SCE TOU-8 Option B).
LAWRP’s load factor is much higher than the Portola A-C Zone 3 Pump Station. Note that because
LAWRP uses a larger percentage of the energy under its maximum demand (indicated by the higher
load factor), its cost for electric demand as a percentage of its monthly electric bill is less than that of
the Portola A-C Zone 3 Pump Station.
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Energy (kWh) vs. Demand (kW)
Electric energy measured in kilowatt hours (kWh) is the amount of power needed or
used over a period of time. Electric energy can be measured over any time period: a
day, a week, a month, a season, a year, or multiple years.
Electric Demand (kW) is the amount of electric capacity needed or used. It is
measured as the maximum amount of power, measured in kilowatts (kW), needed by
any particular customer, system, facility, equipment unit, etc. over that period of
time.
The below diagram illustrates the relationship between energy and demand.

SCE‐IRWD WATER‐ENERGY PILOT, PHASE 1 REPORT
Final Report March 14, 2017 – Appendix H

Page H‐2

COINCIDENT VS. NON‐COINCIDENT PEAK ELECTRIC DEMAND
Coincident Peak (CP) is the sum of electric demands from 2 or more different electric loads
on an instantaneous basis (e.g., at 10:00 am on a specific day).
Non-Coincident Peak (NCP) is the sum of peak demands from 2 or more different electric
loads over a time period (e.g., a day, week, month, season, year, etc.).
The graph below shows the 24 hour load profile for four different facilities. The peak electric demand for each
facility is shown. The sum of the peak demands of each facility over the 24 hours period totaled 6,886.8 kW. This
is “Non-Coincident Peak” – it indicates the amount of electric Generation, Transmission and Distribution (GT&D)
capacity that would have been needed to provide electricity to these 4 facilities if they had all peaked at exactly
the same time.

Peak electric
demand (kW) for
each facility is
shown in callout
boxes. Note that
each facility
peaked at different
times of the day.

The second graph takes the exact same 4 facilities’ hourly load profiles, but “stacks” them (i.e., adds the electric
requirements of all 4 facilities every 15 minutes). Stacking the 15 minute load profiles for these 4 facilities shows
that on a “coincident” basis, the daily Coincident Peak demand was actually 5,635.6 kW. This is the amount of
electric GT&D capacity that was actually needed to support these 4 facilities during this 24 hour period.

The Coincident
Peak Electric
Demand for this
day is found by
summing the
electric demand of
the 4 facilities
every 15 minutes.
The Coincident
Peak (5,635.6 kW)
occurred on this
day at 6:00 am.
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LOAD FACTOR
Load factor is used for many purposes. In context of describing IRWD's baseline electric requirements, load
factor is the ratio of average electric demand to total (or maximum) electric demand over the time period being
evaluated. Load factors can apply to any time period: day, week, month, season or year.
To illustrate the concept, the graphs below show 24 hour load profiles for two facilities that have exactly the
same peak demand (3166 kW) and the same load factor (61%), but have very different diurnal patterns.

Load Factor is a tool used by electric system planners to estimate the relationship of energy (kWh) to maximum
demand (kW) for any particular type of electric use by an equipment unit, a system or a facility; or for groups of
equipment, systems and/or facilities. While the load factor alone does not provide enough information to infer an
actual time-of-use electric profile, the load factor does indicate whether a system is operated on a fairly continuous
basis (high load factor) or intermittently (low load factor).
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LOAD DURATION CURVE
A load duration curve shows the number of hours or percentage of time that electric power was
needed at various levels. The curve is prepared by sorting electric demand for every hour of the year,
month or other time period (or in the case of the IRWD analyses, at 15 minute intervals) in declining
order - from largest to smallest.
The slope of the curve helps to identify potential opportunities to reduce the amount of electric
capacity needed to support any particular load by reducing peak electric demand. A load duration
curve can be created for a specific piece of equipment, a system within a facility, an entire facility, or
groups of equipment, systems and facilities.

The above curve shows that peak electrical demand (kW) exceeded 563 kW during 236 hours (2.7% of
the time). If preferred energy resources and/or changes to systems and operations could have been
implemented during those hours to cap peak demand at 563 kW, this facility could have reduced its
peak demand by 188.7 kW (25.1%).
The next big drop in demand occurred at the 11.3% exceedance level – i.e., electric demand exceeded
391.7 kW during 988 hours of the year (11.3% of the time). This indicates that an additional 171.3 kW
(22.8%) could have been reduced if cost-effective preferred energy resources and/or other types of
strategies could have been implemented to cap electric demand at 391.7 kW during an additional 752
hours of the year (8.6% of the time).
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KEY PREFERRED ENERGY RESOURCES POLICIES
Policy/Regulation

1

Resource
Adequacy (RA)

Energy Efficiency
2 and Renewable
Energy

Integrated
Distributed
3
Energy Resources
(IDER)

4

Distribution
Resource Plans

5

Time‐of‐Use
Rates

Description
The CPUC: (a) assures that sufficient resources are available to
the CAISO for safe and reliable operations of the state's electric
grid, and (b) supports the market through incentives. The RA
program has been in effect since 2004. Current planning is being
conducted via CPUC Order Instituting Rulemaking 14‐10‐010 to
Oversee the Resource Adequacy Program, Consider Program
Refinements, and Establish Annual Local and Flexible
Procurement Obligations for the 2016 and 2017 Compliance
Years.
The Clean Energy and Pollution Reduction Act of 2015 [Senate
Bill 350, De León] directed the CPUC to establish energy
procurement guidelines that reduce GHG emissions by 40% by
2030 by achieving a 50% Renewable Portfolio Standard (RPS) by
2030, doubling energy efficiency, and promoting transportation
electrification. Implementation of SB350 is embedded in several
CPUC rulemakings, including Order Instituting Rulemaking 16‐02‐
007 to Develop an Electricity Integrated Resource Planning
Framework and to Coordinate and Refine Long‐Term
Procurement Planning Requirements.
CPUC Order Instituting Rulemaking 14‐10‐003 to Create a
Consistent Regulatory Framework for the Guidance, Planning and
Evaluation of Integrated Distributed Energy Resources was
established for the purpose of advancing development and
implementation of IDER.
State legislation Assembly Bill 327 [Perea 2013] requires electric
corporations to file distribution resource plans that “identify
optimal locations for the deployment of distributed resources.” It
defines “distributed energy resources” as “distributed renewable
generation resources, energy efficiency, energy storage, electric
vehicles, and demand response technologies.” The CPUC opened
a new Order Instituting Rulemaking 14‐08‐013 Regarding
Policies, Procedures and Rules for Development of Distribution
Resources Plans Pursuant to Public Utilities Code Section 769 to
implement this legislation.
Order Instituting Rulemaking 15‐12‐012 to Assess Peak
Electricity Usage Patterns and Consider Appropriate Time Periods
for Future Time‐of‐Use Rates and Energy Resource Contract
Payments is exploring different time periods and rates to relieve
expected periods of over‐generation from wind and solar, and
also to decrease electric demand during periods when the
statewide electric demand is expected to exceed supplies.
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Policy/Regulation

Description

Date

Develop Water‐
Energy Nexus
6
Programs &
Partnerships

Order Instituting Rulemaking 13‐12‐011 into Policies to Promote
a Partnership Framework between Energy Investor Owned
Utilities and the Water Sector to Promote Water‐Energy Nexus
Programs. A pilot program testing matinee pricing strategies in
the water sector has been approved for implementation.

2013

California Long‐
Term Energy
Efficiency
7
Strategic Plan,
January 2011
Update

California Public Utilities Commission and California Energy
Commission jointly issued the Plan that targets "zero net energy"
(i.e., demand side management strategies that reduce energy
consumption at levels sufficient to offset expected growth in
electric demand).

January
2011

Inclusion of
Energy Storage in
8 Long Term
Procurement
Plans

Energy Action
9 Plan, 2008
Update

Pursuant to Assembly Bill No. 2514 [Skinner 2010], the CPUC
opened Order Instituting Rulemaking 15‐03‐011 to consider
policy and implementation refinements to the Energy Storage
Procurement Framework and Design Program (D.13‐10‐040,
D.14‐10‐045) and related Action Plan of the California Energy
Storage Roadmap. This rulemaking, consistent with AB 2514 and
Commission‐adopted energy storage policy, will continue to
adhere to the guiding principles set forth in D.14‐10‐045: (1)
Optimization of the grid, including peak reduction, contribution
to reliability needs, or deferment of transmission and distribution
upgrade investments; (2) Integration of renewable energy; and
(3) Reduction of GHG emissions to 80% below 1990 levels by
2050.
Joint Agencies: California Public Utilities Commission and
California Energy Commission adopted the energy resource
loading order.
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February
2008
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