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Logistics



Zoom Logistics



Certificate of Completion

This session has NOT been submitted for pre-approval of Continuing Education Credits, but 
eligible attendees will receive a certificate of attendance for their personal record.

To receive a certificate:

• You must attend the entire session
• You must register and attend using your real name and unique email address - group viewing 

credit will not be acceptable
• You must participate in polls
• Certificates will be sent via email within 30 days

If you have questions or need assistance, please contact 
smallsystems@syr.edu.

mailto:smallsystems@syr.edu


About Us
The Environmental Finance Center Network (EFCN) is a university- and non-profit-based 
organization creating innovative solutions to the difficult how-to-pay issues of environmental 
protection and water infrastructure. 

The EFCN works collectively and as individual centers to address these issues across the 
entire U.S, including the 5 territories and the Navajo Nation. The EFCN aims to assist public 
and private sectors through training, direct professional assistance, production of durable 
resources, and innovative policy ideas.
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Environmental Finance Center
Univers ity of Maryland

Small Systems Technical Assistance
Drinking water, wastewater, and/or 
stormwater systems serving <10,000 
people. Wider variety of topics and 
issues covered.
● Educational resources & trainings, plus 

technical assistance around U.S.: 
efcnetwork.org

● For technical assistance within Region 3, 
email or call Danish Kumar 
dkumar18@umd.edu (301) 405-9945

Click here

http://efcnetwork.org


Today’s Speakers

Danish Kumar
Climate Change Program 
Manager
dkumar18@umd.edu

mailto:dkumar18@umd.edu


Energy in WWTP



Energy use of WWTP

● WWTPs consume up to 3-4% of 
U.S. electric load and consume 
more than 30 billion kWh annually, 
which equates to about $2 billion in 
annual electric costs. 

● WWTP Energy Use Accounts For 
30% To 40% of the total operation 
and maintenance cost of the facility



Energy use of Small WWTP
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Key Energy Consumption Areas
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Why Energy Matters for Small WWTPs

Stringent Requirements

Advanced treatment needs 
more energy 

Resource Recovery

Biosolids treatment adds 
complexity 

Aging Infrastructure

Leads to inefficiency and 
higher volumes 

Electricity Rates

Power cost inflation impacts 
operations

Budget Impact

30-60% of small system 
budgets

Resource Challenges

Limited funding, staffing, 
technical resources

Financial Sustainability

Efficiency critical for long-term 
viability

Influent Variability

Changes in wastewater 
composition affect treatment 
needs



Poll*

How much have your WWTP energy 
bills/cost increased in past 2 years



Electricity Cost



Energy 101



Energy

The capacity to do work, 
measured in kilowatt-
hours (kWh) or British 
Thermal Units (BTU).

Power

The rate at which energy 
is used, measured in 
kilowatts (kW).

Kilowatt -hour (kWh)
One kilowatt of power used for one hour. A 
10-kW pump running for 5 hours uses 50 
kWh.

Energy Fundamentals

Energy Use Intensity (EUI)

It is a metric used to 
express the energy 
consumption of the plant 
relative to the volume of 
wastewater it treats.

EUI for WWTP
Commonly tracked as energy use per unit 
of kWh/MGD or kWh per pound of BOD 
removed.



Understanding your 
Energy Bill

Get a copy of your monthly 
bill and review it to 

understand the information 
it provides. 

Contact and get to know 
the energy provider 

account representative for 
your facility. 

Determine what rate 
schedule your energy 

provider has applied to 
your facility. 

Meet with your account 
representative to assess if 
this rate schedule is the 

most appropriate for your 
facility. 



Understanding Demand Charges

• Demand Charges are based on 
maximum power draw (kW) during 
a billing period — not total energy 
consumed (kWh).

• WWTPs may be charged based on 
the highest 15-minute interval of 
electricity use each month.

• Often range from $5–$15 per 
kW/month but can be higher 
depending on the utility.



Efficiency vs. Conservation

Term Definition Example

Energy Efficiency us ing less  energy to 
accomplish the 
same task

LED lights , VFDs, 
high-efficiency 
blowers

Energy 
Conservation

practice of us ing 
less  energy

Turning off lights , 
reducing run times



Energy Efficiency Strategies



Optimizing Aeration Systems

Real-Time Oxygen Monitoring
• Install sensors with IoT systems to match blower operations 

with actual oxygen demand, preventing energy waste from 
over-aeration.

Diffuser Upgrades
• Replace coarse-bubble with fine-bubble diffusers to reduce 

energy consumption by 30-50% while improving oxygen 
transfer efficiency.

Aeration Optimization
• Fine-tune dissolved oxygen setpoints and implement 

automated DO control. Modest adjustments can reduce 
blower energy use by 10-15% with minimal investment and 
no impact on treatment quality.



Optimizing Aeration Systems-Solar Aerator

• Uses solar panels to power 
compressors and diffusers, 
reducing or eliminating grid 
electricity costs for aeration.

• Well-suited for wastewater 
lagoons, oxidation ponds, and 
small treatment basins.

• Improve dissolved oxygen 
levels, reduce algae and provide 
long-term energy cost savings 
with minimal operating 
expenses. Image Credit: Tucker Colvin, Southwest Environmental Finance Center.



Turbo Blowers

Modern high-speed 
turbo blowers feature 
advanced magnetic 
bearings that eliminate 
friction losses and oil 
lubrication 
requirements. These 
units deliver 20-40% 
energy savings 
compared to 
conventional positive 
displacement blowers.

Multistage Centrifugal 
Blowers
These blowers excel in 
applications requiring 
consistent airflow at 
moderate pressure. 
They feature 
precision-engineered 
impellers that minimize 
turbulence and energy 
losses throughout the 
compression cycle.

WWTP replacing conventional 
blowers with turbo units, can 
reduce aeration energy 
consumption by 30% while 
improving process control 
capabilities. The project can 
achieve payback in under 4 
years.

High-Efficiency Blower Technologies

https://www.blowervacuumbestpractices.com/system-assessments/blower-controls
https://www.blowervacuumbestpractices.com/system-assessments/blower-controls
https://www.blowervacuumbestpractices.com/system-assessments/blower-controls


Equipment lifecycle.



Equipment Upgrade Opportunities

High-Efficiency Motors
• Replace standard motors with 

NEMA Premium® or IE4-class 
models to achieve 2-8% energy 
savings per motor. Focus on 
continuously running equipment 
for maximum ROI.

Variable Frequency 
Drives
• Install VFDs on pumps and 

blowers to match output with 
actual demand, reducing energy 
use by 20-50% depending on 
load variability and duty cycles.

Right-Sized Pumping 
Systems
• Replace oversized pumps with 

properly sized alternatives that 
achieve wire-to-water efficiency 
above 80%. Pair with VFDs for 
maximum operational flexibility.

LED Lighting Retrofits
• Convert to LED lighting 

throughout the facility to reduce 
lighting energy consumption by 
up to 90%. Add motion sensors 
in low-traffic areas for additional 
savings.



Process Control Improvements

SCADA Implementation
• Modern supervisory control 

and data acquisition 
(SCADA) systems provide 
operators with real-time 
visibility into plant 
performance. 

• Enable precise control of 
treatment processes, 
minimizing energy waste 
while maintaining 
compliance with discharge 
permits.

Source: Wikimedia Commons



Optimizing Chemical Processes for 
Energy Savings

UV Disinfection
• More energy-efficient and cost-effective than 

chlorination/dichlorination over 7 years
• Eliminates safety risks from storing chlorine gas
• Use high-efficiency bulbs to minimize energy consumption
Alkalinity Management
• Lye addition for alkalinity is costly and energy-intensive
• Optimizing denitrification can reduce or eliminate the need for 

added alkalinity



Poll*

Which energy-saving solution have 
you implemented or are you 
considering?



Equipment Upgrade Opportunities -Lifecycle

Equipment Type Typical Useful Life

Pumps & Motors 10–15 years

Blowers 10–15 years

Lighting (LED) 10–15 years

HVAC Systems 15–25+ years

Control Systems 10–15 years



Simple payback calculation: Payback (years) = Initial Cost ÷ Annual Energy Savings . 

Prioritizing Projects : ROI Analys is

Project Type Typical 
Payback

Annual 
Savings Key Considerations

LED Lighting 1–5 years $1K–$3K Quick ROI; utility rebates often available

VFD Installation 2–5 years $5K–$20K Cuts motor energy use by 20–50%

DO Control Systems 3–7 years $5K–$20K Optimizes high-energy equipment for smarter 
operation

Turbo Blowers 3–7 years $40K–$200K Major savings, but high capital investment



Reducing I&I to Lower Energy Costs

Track flow during 
rain, snowmelt, and 
high groundwater 

periods 

Inspect and seal 
leaking manholes 

Find improper 
stormwater 
connections 

Locate cracked 
pipes, root 

intrusion, and 
leaking joints 

Repair high-priority 
pipe defects first 

Disconnect sump 
pumps, roof drains, 

and foundation 
drains from 

sanitary sewer 

Use pump station 
run times to identify 

problem areas



Heat Pumps for Facility Buildings

• Heat pumps are electric space conditioning equipment that provide both 
heating and cooling in buildings.

• They function at higher efficiencies than conventional space conditioning 
equipment's, providing the same level of conditioning but using less energy.



Heat Pumps Cost Savings

Source: https://rmi.org/resources/lower-bills-better-grids-heat-pump-benefits-for-electric-
resistance-heated-homes/

https://homeguide.com/costs/heat-pump-cost


Financing Sources

• EPA Clean Water State Revolving Fund (CWSRF) provides 
low-interest loans for energy efficiency upgrades. 

• Many electric utilities offer custom incentives for large energy 
users like WWTPs.

• Energy Savings Performance Contracts (ESPCs) allow 
facilities to implement upgrades with no upfront capital. The 
energy service company guarantees savings that cover the 
project costs over a defined term, typically 10-15 years.



Steps to Improve Energy Efficiency

Renewable 
Integration 

• Add solar 
• biogas capture & 

utilization

Operational 
Changes 

• Shift equipment to 
off-peak hours

• Using real time 
data to make 
decisions

Upgrade 
Equipment 

• Install VFDs, 
• high-efficiency 

motors/pumps 
• SCADA Systems

Develop 
Management 

Plan 

• Create roadmap 
for improvements

Assess 
Current 

Energy use 

• Use Self-
assessment and 
energy audits



Where Should We Start?

System Condition Start here

Electric bill is high Review utility rate schedule, demand charges, and 
12 months of bills

Aeration is the largest 
load

Check DO setpoints, diffusers, blowers, mixer 
operation, and run times

Flow increases during 
rain or snowmelt Investigate inflow and infiltration (I&I)

Pumps or motors are 
old or oversized

Evaluate VFDs, motor efficiency, pump sizing, and 
maintenance



Renewable Energy 
Integration



Renewable Energy Integration

Cuts electricity bills and lowers operational expenses with minimal maintenance.

Reduces greenhouse gas emissions, supporting sustainability goals.

Reduces reliance on external power providers, enhancing reliability.

Easily scaled to meet the specific energy needs of any facility size.

The initial investment is offset by long-term savings, with a payback period of 7 to 
14 years, after which energy becomes virtually free.



Poll*

Do you or a system near you have 
solar/renewable system? 



WWTP with Solar



Solar / Photovoltaic Systems

• WWTPs typically have abundant open land or roof space ideal 
for solar installations. Ground-mounted systems offer the 
highest energy density and easiest maintenance access.

• Annual production: 1200-1700 kWh per kW installed
• System lifespan: 25 years with minimal maintenance
• Cost: 2000-3000$/kW (Bigger ground mount systems will cost less)



Steps for Transition to Solar

Energy 
Assessment: 

Evaluate current 
energy needs

1

Energy 
Assessment: 

Evaluate current 
energy needs

Feasibility Study: 
Solar potential, site 
suitability, budget

2

Feasibility Study: 
Solar potential, site 
suitability, budget

3

Installation 
Process: Permits, 
vendor selection, 

installation



1. Energy Assessment

Basic Assessment

• Analyze Monthly/Yearly 
Energy Bill and Cost

• Analyze Peak Demand 
and Time-of-Use Charges

• Determine whether solar 
and battery storage could 
reduce peak costs.

Detail Assessment

• EPA Energy 
Assessment Tool for 
WWTP

• Energy Audit 
• Consult a solar 

developer

https://www.epa.gov/sustainable-water-infrastructure/energy-efficiency-water-utilities
https://www.epa.gov/sustainable-water-infrastructure/energy-efficiency-water-utilities
https://www.epa.gov/sustainable-water-infrastructure/energy-efficiency-water-utilities
https://www.epa.gov/sustainable-water-infrastructure/energy-efficiency-water-utilities


2.Solar Placement



2. Solar Potential & Pre-Feas ibility

Site needs

Space for 
Panels

Average 5 
acres needed 

per MW for 
ground mount 

installation

Avoid 
shading for 
Maximum 

Output 

Optimize 
Orientation 

for Maximum 
Output

Solar 
Potential

PV Watts Open Solar
EFCN Solar 

Saving 
Calculator

https://pvwatts.nrel.gov/
https://www.opensolar.com/


Average Daily Solar Energy 



3. Installation Process

Permission 
to Operate 
from Utility

InstallationPermits
Vendor 

selection/ 
Procurement 



Transition to Solar for Small WWTP

● This plant X, with a capacity of 0.5 million gallons per day (MGD), can 
meet its energy needs through a 600-kW solar installation. This setup can 
offset the plant's daily electricity consumption of approximately 3,000 kWh.

● Installation Cost: The estimated cost for a 600-kW solar project is about 
$1.2 million, based on an average rate of $2,000 per kW. This cost may 
vary due to factors like local labor rates, permitting requirements, and site-
specific conditions.

● Operation & Maintenance (O&M) Costs: Maintaining the solar system over 
its lifetime requires annual O&M expenses. 

○ For commercial-scale solar (100 kW to 2 MW), these costs typically 
range from $15-30/kWDC-yr



Solar for Small WWTP-Community X

Factor Value Unit
Plant X Capacity 0.5 MGD
Population Served 5000 People
Average Small WWTP Energy use 6000 kWh/MGD
Energy use at Plant X 3000 kWh
Average Peak sun hours 5 Hours
Required System Size 600 kW

Average Total Installation Cost 2000-3000 $/kW

Solar Cost at Plant X 1,200,000 $
Annual Energy Savings 164,250 $



Solar Payback period with Cumulative 
Savings



Power Purchase Agreement (PPA) for 
Solar

A Power Purchase Agreement 
(PPA) is a contract between a 
WWTP and a third-party solar 
provider. Under the 
agreement, the solar provider 
installs, owns, and maintains 
the solar system. 

Under a PPA, the WWTP 
purchases solar electricity at a 
negotiated rate that may be 
lower or more predictable than 
the utility rate (typically 15-25 
years).

Some PPAs offer a buyout 
option, allowing the WWTP to 
purchase the solar system 
after a certain period (usually 
after 5-10 years), potentially 
increasing savings over the 
system's lifetime.

The solar developer takes 
advantage of tax incentives, 
which may be reflected in 
lower PPA rates for the 
WWTP.



Net Metering Policies in US 



Before Installing Solar

Questions System Response

Have we reduced avoidable energy waste first? 

Do we have 12 months of electric bills? 

Are demand charges a major part of the bill?

Does our utility allow net metering or interconnection? 

Do we have enough land or roof space? 

Who will own and maintain the system? 

Are we eligible for grants, incentive or PPA options?



Biogas Recovery Systems

Optional for small systems or facilities with digesters
• Anaerobic digesters convert wastewater sludge into methane-

rich biogas that can fuel combined heat and power (CHP) 
systems. 

• Modern digester designs maximize gas production through 
optimized mixing and temperature control.

• Typical biogas yield: 0.8-1.0 m³ per kg of volatile solids 
reduced

• CHP electrical efficiency: 35-40%
• Heat recovery potential: 45-50% of fuel energy



Key Takeaway Checklist

 Collect 12 months of electric bills 
 Calculate kWh per million gallons treated 
 Identify top energy users 
 Ask utility about rate schedule and rebates 
 Start with no-cost operational changes 
 Consider an energy audit 
 Prioritize aeration and pumping 
 Explore funding before major upgrades 
 Evaluate solar after reducing energy waste 
 Track savings after implementation



Resources



Resources

Energy Best Practices Guide: Information 
and resources to assist in identifying and 
implementing opportunities to reduce 
energy use.

Energy Data Management Manual for the 
Wastewater Treatment Sector: Practical 
guidance for small WWTPs on tracking and 
managing energy performance to support 
cost-saving energy management programs. 
a

https://caledonia-wi.gov/sites/default/files/wr_tnpop-energy-bpguide-water-wastewater-wisconsin.pdf
https://betterbuildingssolutioncenter.energy.gov/wastewater-infrastructure-resources
https://betterbuildingssolutioncenter.energy.gov/wastewater-infrastructure-resources


Resources

Evaluation of Energy Conservation 
Measures: Provides performance and cost-
benefit information for projects like efficient 
equipment replacement and operational 
improvements with reasonable payback 
periods. 

https://www.epa.gov/sites/default/files/2016-01/documents/p1008sbm.pdf
https://www.epa.gov/sites/default/files/2016-01/documents/p1008sbm.pdf


Database of State Incentives for 
Renewables  & Efficiency

Source: https://www.dsireusa.org/

https://www.dsireusa.org/
https://www.dsireusa.org/


Resources-Portfolio Manager

• Property Information
• Monthly Energy use for all fuels  (kWh, 

therms , etc.)
• Average Daily Influent Flow (gpd or 

MGD)
• Plant data: 

• Building square footage 
• Average Influent BOD - average over 12 

months  (mg/l)
• Average Effluent BOD - average over 12 

months  (mg/l)
• Plant Des ign Flow Rate - treatment 

des ign (MGD)
• Trickle Filtration Process  (yes /no)
• Nutrient Removal (yes /no)

https://www.youtube.com/watch?v=8wiyxL5B-ck
https://www.youtube.com/watch?v=8wiyxL5B-ck
https://www.youtube.com/watch?v=8wiyxL5B-ck


EPA’s ENERGY STAR Portfolio Manager

https://www.epa.gov/sustainable-water-infrastructure/energy-use-assessment-water-and-wastewater-systems


EPA Energy Assessment 

Tool link: 
https://www.epa.gov/
sites/default/files/201
6-01/energy-use-
assessment-tool-for-
excel-2010.xlsm

https://www.epa.gov/sustainable-water-infrastructure/energy-use-assessment-water-and-wastewater-systems
https://www.epa.gov/sites/default/files/2016-01/energy-use-assessment-tool-for-excel-2010.xlsm
https://www.epa.gov/sites/default/files/2016-01/energy-use-assessment-tool-for-excel-2010.xlsm
https://www.epa.gov/sites/default/files/2016-01/energy-use-assessment-tool-for-excel-2010.xlsm
https://www.epa.gov/sites/default/files/2016-01/energy-use-assessment-tool-for-excel-2010.xlsm
https://www.epa.gov/sites/default/files/2016-01/energy-use-assessment-tool-for-excel-2010.xlsm
https://www.epa.gov/sites/default/files/2016-01/energy-use-assessment-tool-for-excel-2010.xlsm
https://www.epa.gov/sites/default/files/2016-01/energy-use-assessment-tool-for-excel-2010.xlsm
https://www.epa.gov/sites/default/files/2016-01/energy-use-assessment-tool-for-excel-2010.xlsm
https://www.epa.gov/sites/default/files/2016-01/energy-use-assessment-tool-for-excel-2010.xlsm
https://www.epa.gov/sites/default/files/2016-01/energy-use-assessment-tool-for-excel-2010.xlsm
https://www.epa.gov/sites/default/files/2016-01/energy-use-assessment-tool-for-excel-2010.xlsm
https://www.epa.gov/sites/default/files/2016-01/energy-use-assessment-tool-for-excel-2010.xlsm
https://www.epa.gov/sites/default/files/2016-01/energy-use-assessment-tool-for-excel-2010.xlsm
https://www.epa.gov/sites/default/files/2016-01/energy-use-assessment-tool-for-excel-2010.xlsm
https://www.epa.gov/sites/default/files/2016-01/energy-use-assessment-tool-for-excel-2010.xlsm
https://www.epa.gov/sites/default/files/2016-01/energy-use-assessment-tool-for-excel-2010.xlsm
https://www.epa.gov/sites/default/files/2016-01/energy-use-assessment-tool-for-excel-2010.xlsm


PVWatts

https://pvwatts.nrel.gov/


EFCN Solar Calculator

https://efcnetwork.org/solar-savings-calculator/


Technical Assistance

• Drinking water, wastewater, and/or stormwater systems 
serving <10,000 people. Wider variety of topics and issues 
covered.

• Educational resources & trainings, plus technical assistance 
around U.S.: efcnetwork.org

• For technical assistance within Region 3, email or call Danish 
Kumar dkumar18@umd.edu (301) 405-9945



Contact:
Danish Kumar
Climate Change Program 
Manager
dkumar18@umd.edu

Any Questions?

mailto:dkumar18@umd.edu
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