
This presentation premiered 
at WaterSmart Innovations 

watersmartinnovations.com 

http://watersmartinnovations.com/


Erin Musabandesu
Graduate Student Researcher

Utilizing Policy Optimization for Pump Operations at Water 
Distribution Systems to Enable Energy Load Shifting

WaterSmart Innovations October 3, 2019



Agenda

California’s changing energy sector 

Energy demand-side management

How water distribution utilities can shift energy load

Case study with policy optimization decision support tool 



Operational Challenges

Intermittent Non-
Dispatchable

Primarily Solar

Increased Renewable 
Integration

Figure from Clean Coalition 2013

Changing Energy Sector



Figure from CAISO 2013

Pursued 
Energy Sector 
Solution:
Energy 
Demand-Side 
Management

Shifting Energy Loads



Shape vs. Shift Energy Loads

Energy Load ShiftingEnergy Load Shaping

• Long-term behavior change

• Energy market incentive:
• Static Time-of-Use (TOU) 

Energy Rates

• More immediate response to 
market request

• Energy market incentive:
• Energy Demand Response
• Dynamic Energy Pricing



Static TOU Energy Rate 
Structures
• IOU Specific TOU Rate 

Schedules 

Dynamic Energy Rate 
Structures or Markets
• CAISO Wholesale 

Market

Energy Demand Response 
(DR) Programs 
• CAISO’s Proxy Demand 

Resource Program
• IOU Specific DR Programs

California Energy Market Mechanisms
Figure Adapted from SCE Figure from Oasis data 2017



• Water utilities can manage energy load by 
changing pump operations_

• Water utilities with water storage can 
further shift operations and energy load 

• This is an expansion on previous research 
Energy/Cost/Water Quality pump operation 
optimization schemes

Opportunities



When performing Energy Demand 
Management, water distribution systems 
must take into account: 

• Water quality 

• Minimum system pressures

• Hydraulic limitations 

• Operational limitations

Barriers



Previous research focused on optimizing 
pump schedules

Example                                                                               

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

ON OFF

Previous Water Operation Optimization Tools



Optimize Rule-Based Control Policies

• Pump on if tank level is less than 10 feet   
• Pump off if tank level is greater  than

25 feet = or time is between 4 and 8 pm|

Example

Rule-Based Control Policies



Case Study Site

System
Pressure

Zones 
open (closed)

Pump 
Stations

Storage 
Reservoirs Pipeline

Potable
Water 12 (4) 23 28 700 mi

Recycled 
Water 16 (10) 11 11 144 mi

Moulton Niguel Water District
• Serves 170,000 customers 
• Provides potable water to 55,000 sites (24 MGD)
• Provides recycled water to 1,300 sites (7 MGD)



EDMS Software Development

Energy Demand Management System 
(EDMS) software will provide:

Optimized rule-based control policies 

Based on: 

• Real-time SCADA system data
• A hydraulic model (EPANET)
• Energy rate program 

participation 



EDMS Policy Performance Metrics

Total Energy 
Consumption

Peak Energy 
Load

Average System 
Storage

Minimum 
System Pressure

Total Operating 
Cost

Energy Program 
Revenue

Compare operating Policies based on simulated results estimating:



Methods for Preliminary Analysis

Optimize pump on/off Tank Level triggers: 

• Pump 1 on  if tank level is less than … 12 feet   
• Pump 1 off  if tank level is greater than … 24 feet
• Pump 2 on  if tank level is less than ... 8 feet   
• Pump 2 off  if tank level is greater than … 16 feet
• Pump 3 on  if tank level is less than … 7 feet   
• Pump 3 off  if tank level is greater than … 20 feet

Example



Preliminary Results



The California Water 
Efficiency Partnership 
(CalWEP) and CWEE 
will build, maintain and 
support an EDMS user 
group and software.

Next Steps: Expand User Group
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Questions?

Q&A Session



Contact Info:
Erin Musabandesu
(805) 710-2380
enmusabandesu@ucdavis.edu

Thank You


	WSI Cover Page
	W-1800
	WSI Cover Sheet.pdf
	Slide Number 1



	1535 - Erin Musabandesu
	Utilizing Policy Optimization for Pump Operations at Water Distribution Systems to Enable Energy Load Shifting
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19


