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INTRODUCTION 

The Victor Valley Water Reclamation Authority’s (VVWRA) main treatment facility began 

operating in 1981 and treats 12.5 million gallons per day (mgd) of wastewater each day 

for the growing High Desert region of Southern California.  

After more than 30 years of service, VVWRA’s regional water reclamation facility (WRF) was experiencing critical 

operational challenges. Delayed maintenance had resulted in more than 80 water quality violations and $800,000 

in fines. VVWRA’s 2008 National Pollutant Discharge Elimination System (NPDES) permit further lowered the 

regulatory bar by decreasing the total nitrogen limit to 10.3 milligrams per liter (mg/L) and ammonia-nitrogen to 

0.54 mg/L. Because of these stringent limitations, VVWRA’s functional facility capacity was reduced from 18.0 to 

13.8 mgd.   

 

  FIGURE 1 

VVWRA’s WRF provides wastewater treatment for more than 100,000 residents in 

Southern California. VVWRA is a four-member joint power authority comprising the City 

of Victorville, City of Hesperia, Town of Apple Valley, and County of San Bernardino 

Service Areas 42 (Oro Grande) and 64 (Spring Valley Lake).  

 



 

 

 

DRIVERS FOR 

CHANGE 

VVWRA’s natural gas and energy 

consumption was significant given the 

size of the facility and level of 

treatment. The facility lacked gas 

treatment equipment to lower 

hydrogen sulfide and siloxane levels 

and avoid excessive engine-driven 

blower maintenance. As a result, the 

facility was flaring biogas and VVWRA 

was purchasing natural gas at a cost 

of more than $40,000 per month to 

replace wasted digester gas. In 

addition, electrical costs were totaling 

nearly $800,000 per year, amidst 

rising electrical rates in California. 

EXPLORING NEW WAYS TO SOLVE      

OLD PROBLEMS 

Beginning in 2008, VVWRA began planning secondary treatment 

optimization and expansion for the WRF to comply with nitrogen 

permit limitations and increase capacity. VVWRA leaders 

recognized that these regulatory-focused initiatives also 

provided an opportunity to incorporate project features to 

reduce future energy costs and eliminate natural gas purchases.  

In addition to nutrient removal, the expansion project included plans 

to decommission the facility’s three smallest digesters, leaving 

concrete and steel on site and unused―infrastructure capable of 

producing enough gas to meet the plant’s energy demands if 

integrated with a program of imported organic feedstocks.  

The concept for the Waste to Energy project was born. VVWRA 

management established energy neutrality as a utility-wide goal, and 

began to rally support within an organization that had been in 

disarray.

  

  
Facing significant investment in its 

system’s main treatment facility 

with limited capital, VVWRA leaders 

saw an opportunity to repurpose 

aging digesters and incorporate 

features to reduce future energy 

costs. 

 



 

 

 

 

 

TABLE 1 

ENERGY FEATURES AT A GLANCE 

Size (utility total) Average flow = 12.5 mgd 
Population = 300,000 

Energy provider and 
current costs 

Southern California Edison 
$0.13/kWh 

Specific energy challenge Reduce energy while improving treatment performance, and increase 
beneficial use of biogas 

Energy focus area Plant-wide initiative to achieve energy neutrality 

Implementation approach Power purchase agreement (PPA) for energy generation upgrade project 

Energy efficiency 
outcomes On track to become 90% energy-neutral in 2015 



 

 

 

THE ROAD TO ENERGY NEUTRALITY 

Incremental steps over 8 years to minimize energy consumption and maximize energy 

production are expected to achieve 90% energy neutrality this year. In mutual 

cooperation with private industry and with the assistance of grants, $12 million in 

infrastructure has been installed with zero impact to ratepayers. 

 

 
 

FIGURE 2 

Laying the foundation to greatly increase biogas power generation represented a significant time 

commitment―nearly 8 years to plan, fund, and implement infrastructure needed to achieve energy neutrality. It was 

essential that VVWRA had long-term organizational stability and focus to stay the course and achieve project goals 

through numerous stages.  



 

 

 

Diffusers were initially cleaned and 

repaired as part of the staff-led nutrient 

removal initiatives, reducing air 

consumption. They were later replaced 

with more efficient systems as part of a 

larger capital project. 

OPTIMIZING TREATMENT EFFICIENCY AND 

RELIABILITY 

Beginning in 2009, VVWRA staff led improvements 

focused on addressing ongoing water quality challenges 

and stringent nitrogen limitations by increasing the 

operational efficiency of the secondary treatment system. 

Improvements addressed instrumentation for monitoring, 

repair of aeration diffuser equipment for improved 

efficiency, and structural enhancements such as internal 

recycle pumps for added reliability. Improvements 

executed over 18 months improved the facility’s 

operational efficiency and reduced energy consumption.  

These early projects to achieve energy efficiency were 

woven into efforts to reinvigorate the VVWRA organization 

and served to: 

 Improve staff morale by addressing long-standing 

equipment condition issues that were wasting energy 

and staff time 

 Overcome skepticism of operations staff by engaging 

them in solving operational problems and challenging 

them to look for inefficiencies, including “physical, 

biological, mechanical, and human” issues  

 Identify synergistic opportunities for projects that 

reduce energy consumption while improving effluent 

quality and expanding plant capacity  

 Demonstrate to staff and joint power authority 

communities that incremental facility investments 

could yield quantifiable dividends in performance and 

reduce operating costs  

 Strengthen relationships with potential funding 

sources 

 

 

INTEGRATED ENERGY AND PLANT 

IMPROVEMENT PLANNING 

As these measures were under way, VVWRA 

conducted a facilities evaluation to identify 

upcoming capital and repair and rehabilitation 

(R&R) projects likely to occur, in what 

sequence they were going to occur, and how 

measures to improve energy efficiency and 

generate energy could be incorporated into 

each project. As a result, the first of two 400-

horsepower (hp) high-efficiency turbo blowers 

was installed as part of the plant’s 2012 energy 

improvements project. 

RAS PUMP AND SECONDARY 

OPTIMIZATION   

Variable-frequency drives (VFDs) were also 

added to return activated sludge (RAS) pumps, 

eliminating the use of 6 out of 10 secondary 

pumps and 2 RAS pump stations. These 

improvements have achieved dual benefits 

by reducing VVWRA’s required annual 

man-hours from 1,600 to 640 and reducing 

energy consumption from 190 kW to 75 kW.



 

 

 

GAS STORAGE AND CONDITIONING 

Early in the energy initiative, VVWRA facility staff 

realized that gas conditioning could address gas 

quality issues and eliminate natural gas use for the 

engine-driven blower, providing an early “win” for 

energy cost reduction.  

Gas conditioning was installed as part of a larger 

regulatory upgrade to the facility. The conditioning 

equipment was sized for double the normal biogas 

flow at that time, with future co-digestion planned to 

occur in the WRF’s abandoned digesters. These 

projects eliminated the need to purchase natural 

gas, saving VVWRA $40,000 each 

month―sufficient savings to cover project loan 

payments and achieve a payback of 2.7 years. 

 

 

 

 

 

 

 

 

 

WASTE RECEIVING 

From the 2008 inception of VVWRA’s energy vision, 

co-digestion was recognized as a central feature of the 

energy neutrality program and an opportunity to derive 

economic value from existing underutilized tankage. 

Beginning in 2011, VVWRA’s facility became 

California’s first wastewater treatment plant to receive 

pre-processed food waste which was screened and 

slurried offsite by a major commercial solid waste 

company. This experimental, “walk before you run” 

approach helped to bring VVWRA staff up to speed on 

a new operation prior to designing and operating a 

permanent facility. To prepare for future large-scale 

co-digestion, an unused dissolved air flotation 

thickener (DAFT) unit was converted to a fats, oils, 

and grease (FOG) receiving and pump station in early 

2014. This allowed the facility to source, receive, and 

store manageable quantities of FOG or food waste 

with minimal risk to the digester processes.  

  

Gas conditioning 

was sized for 

double the normal 

biogas flow at the 

time of 

construction―with 

future co-digestion 

in mind. 

 



 

 

 

UV recommissioning, supported by electrical 

utility incentive payments, eliminated over-

treatment by using bioassay techniques to 

determine proper dosing, saving 5% of plant 

energy consumption.  

UV OPTIMIZATION  

VVWRA’s overall approach to increasing energy 

efficiency includes scrutinizing operations to identify 

opportunities to match the treatment level to the 

treatment need, such as taking aeration basins and 

clarifiers off line as plant loading allows. For the 

ultraviolet (UV) system, bioassay data were used to 

demonstrate that it was over-performing under normal 

flow conditions and UV transmittance ranges. The 

system was optimized through staging of lamp 

modules and installation of more efficient lamps.  

Facility staff also focused on improving filtered effluent 

quality to minimize the required UV dose. These 

modifications reduced site-wide electrical use by 

5%, saving $8,000 each month. In addition, testing 

indicated that permitted UV treatment capacity could 

be increased from 15 mgd to 22 mgd and helped 

VVWRA obtain an incentive payment of $48,000 from 

its electrical utility to fund the costs of 

recommissioning. 

 

 

 

 

MAXIMIZING POWER PRODUCTION FROM 

BIOGAS  

As VVWRA built an impressive track record of success 

optimizing existing processes, the utility was also 

paving the way for the largest initiative of the energy 

neutrality program: full-scale co-digestion, enhanced 

anaerobic digestion, and high-efficiency electrical 

generation to replace outdated engine-driven blowers. 

ENGAGING STAKEHOLDERS  

As a joint power authority, VVWRA must have the 

support of all four member agencies to execute a 

capital project. Stakeholder support was particularly 

important for the energy efficiency improvements, as 

they extend beyond VVWRA’s primary focus on water 

quality and also needed to make economic sense. 

From the start, VVWRA leaders met with community 

groups, elected officials, and facility staff to share the 

utility’s long-term vision of energy neutrality. 

Consistent outreach over 2 years helped stakeholders 

understand how waste could be used as a resource, 

and how leveraging existing facility infrastructure 

provided a cost-effective way to use ratepayers’ past 

investments as a platform for increased energy 

generation. 

INVESTIGATING BIOGAS UTILIZATION 

ALTERNATIVES  

Facility operations staff played an integral role in 

vetting potential energy efficiency and energy 

generation alternatives. Site visits to biogas facilities in 

California and Oregon familiarized staff with co-

digestion and cogeneration processes and associated 

challenges, and helped them brainstorm ways in which 

VVWRA could improve upon other utilities’ 

experiences. Staff participated in workshops to help 

evaluate potential technologies, with internal-

combustion engines ultimately selected as the 

preferred approach over competing alternatives such 

as fuel cells and microturbines.  



 

 

 

SECURING CREATIVE FINANCING 

VVWRA’s bonding capacity was stretched thin by $200 million in 

concurrent major upgrade projects in the treatment plant and interceptor 

system. Bond financing to help VVWRA achieve its goal of energy 

neutrality would have resulted in $15 million–$20 million in additional 

costs incurred by the capital project and significant ratepayer impacts.  

VVWRA sought a private technology provider capable of financing the 

remaining plant improvements. In 2012, a request for proposals (RFP) 

was developed for installation of the energy production facilities, and 

structured to require minimal upfront investment from VVWRA. As the 

project would result in energy savings, VVWRA took advantage of a 

PPA/lease arrangement through which the selected contractor would 

develop and own the energy infrastructure and recoup its investment via 

contracted sales of energy. The RFP for the PPA arrangement also 

covered installation of the second high-efficiency aeration blower, 

allowing payments for these capital upgrades to be built into monthly 

electrical payments for the PPA. 

SELECTING A TECHNOLOGY PARTNER 

The PPA created additional opportunities for public-private partnership 

(PPP). VVWRA learned that the firm installing their energy production 

facilities was also preparing to demonstrate its new recuperative 

digestion technology—Omnivore— for the first time in North America. 

Though a pilot site in Central California had already been selected, 

VVWRA’s proximity to the larger Southern California market provided an 

ideal location to demonstrate the new technology. The pilot location was 

moved to VVWRA’s facility.    

With a PPP in place, the private technology provider has invested $10 

million to design and build the renewable energy system using VVWRA’s 

abandoned and underutilized 

digesters. Components are 

operated by VVWRA staff, 

reducing the PPA rate to be 

one-third less than current 

Southern California Edison 

(SCE) rates. 

BUILDING ON 
OPPORTUNITIES FOR GRANT 
FUNDING 

Support from the State of 

California provided additional 

momentum for energy 

generation. The Self-Generation 

Incentive Program (SGIP) 

managed by SCE helped to 

fund power generation, and a $2 

million Innovative Technology 

Grant from the California Energy 

Commission provided additional 

funds to upgrade the digester. 

As part of the PPP, the 

technology provider continues to 

operate the digester to meet 

grant requirements and 

guarantee engine run time of 

95%. 

 FIGURE 3  

State-of-the-art recuperative 

thickening with Omnivore 

technology dramatically 

increases digester capacity in 

existing tankage by 

maintaining the digester 

contents at 6% TS—over twice 

as much as conventional 

digesters. Proprietary 

thickening technology and 

specialized hydraulic drive 

mixers are used to process the 

thicker sludge.  



 

 

 

ACHIEVING NET ZERO 

Less than 10 years after facing more than 80 water quality violations and nearly $1 million in 

regulatory fines, the VVWRA facility has been named the second-best plant of its size in the 

state of California for two consecutive years, and is on its way to being one of the nation’s first 

completely energy-neutral wastewater treatment facilities. With final infrastructure now 

installed, VVWRA’s WRF has largely eliminated its dependency on outside power sources and 

creates more biogas than it uses. 

 
RECUPERATIVE DIGESTION 

The first-of-its-kind recuperative 

digestion system in North America 

addresses the limitations of 

conventional wastewater anaerobic 

digestion by allowing increased 

loading, producing more gas with 

existing tank infrastructure, and 

incorporating efficient hydraulic mixing 

with low energy demand. The process 

decouples hydraulic residence time 

from solids residence time, keeping 

solids in the digester longer and 

allowing for greater solids destruction 

and increased biogas production.  

 

WASTE RECEIVING 

During development of the energy generation RFP, the co-digestion 

program was still developing and not receiving enough imported 

organics to be energy-neutral. However, project economics were still 

favorable to supplement available biogas with some continued natural 

gas purchases. VVWRA proceeded with the hope that future imported 

waste quantities would be sufficient to generate enough biogas to 

meet plant energy demands. 

Beginning in 2014, a new receiving station began accepting imported 

FOG, waste from local pet food processor ADM, and other feedstock 

from local businesses. Co-digestion of these new resources more 

than doubled biogas production from 200,000 cubic feet per day 

(ft
3
/d) to 500,000 ft

3
/d. By summer 2016, the facility is projected to 

export up to 25% of the energy it generates to SCE at $0.12 per kWh. 

 

  

FIGURE 4 

With the energy generation improvements undergoing final troubleshooting, VVWRA’s WRF is on track to use 90% 

less energy and save $120,000 each year in electricity and natural gas costs.  

 



 

 

 

Two 800 kW generators produce enough 

electricity on site to power the facility’s entire 

operation. 

COMBINED HEAT AND POWER 

To maximize the benefits of the biogas energy 

generation, the plant’s aging engine-driven blower was 

replaced with a 400 hp electric blower and related 

dissolved oxygen controls. The treated biogas now 

powers two newly installed 800 kW 

generators―capable of producing more than 

enough electricity on site to power the plant’s 

entire operation. 

STRATEGIC ENERGY PROGRAMMING  

The plant’s improved processes have reduced 

operating issues and related costs and operations staff 

have a facility they are proud to operate. Less 

manpower is needed for facility operations and 

maintenance (O&M), allowing staff to focus more time 

on further improving the process efficiency of other 

areas of the plant, including the UV and cogeneration 

systems. These improvements are gaining recognition: 

the National Association of Clean Water Agencies 

awarded VVWRA a 2015 National Environmental 

Achievement Award in the Operations & 

Environmental Performance category. 

                                                           

 
1
 Prior to gas treatment 

2
 Required by interconnect terms, prior to power future 

export plans 
3
 Motor-driven blower energy 

TABLE 2 

Changes in Facility Energy Usage  

Improvements Before  After  

Biogas energy (MJ/d) 150,000 480,000 

Biogas energy flared (MJ/d) 150,0001 230,000 

Electricity supply from grid 

(purchased) (kWh/d) 
27,000 1,9002  

Natural gas supply from pipeline 

(purchased) (MJ/d) 
175,000 0 

Purchased fuel oil (MJ/d) N/A N/A 

Electricity produced on site 

(kWh/d) 
5,3003  27,000 

% of electricity consumption 

produced on site 
16% 93% 

% site energy neutrality 0% 93% 



LESSONS LEARNED 

VVWRA learned the following lessons through this project: 

 Coordination with the electrical utility is critical. The electrical

utility required a minimum grid purchase of 80 kW at all times to

avoid potential to backfeed the grid, which provided a barrier to

complete energy neutrality in the near term. In addition, newer

engines are very sensitive to power quality, and the VVWRA

engines have experienced outages due to inconsistent grid power

voltage.

 Avoid energy vendor arrangements that erode project

savings. VVWRA initially pursued funding through SCE’s SGIP,

which required an energy audit by a third party. Each approved

audit vendor required a percentage of the energy savings realized,

such as reduction in electricity rates—for the life of the project.

VVWRA ultimately avoided these costs by negotiating a free

energy audit through the U.S. Environmental Protection Agency

(EPA), performed by the University of California, San Diego.

 Gaining staff support is key in achieving long-term, system-

wide improvements. After years of operational challenges at the

facility with limited resources to accomplish traditional O&M and

R&R projects, VVWRA’s long-term goal of energy neutrality was

initially met with skepticism from operating staff. VVWRA leaders

steadily gained operator support by sharing the immediate

benefits of individual projects and how each project supports

broader energy goals. Ongoing education on treatment processes

has helped staff understand their roles in reducing the facility’s

energy consumption—such as operating five of eight secondary

clarifiers while still meeting permit requirements. Energy

improvements have also allowed VVWRA to invest savings from

the operating budget into five new staff hires in 2015. Over time,

these efforts have increased the operators’ ownership of the

facility’s performance, and today they take pride in continually

identifying new ways to increase operational efficiencies.

    The project was 

a great learning 

experience, 

seeing it come 

together one 

piece at a time, 

how it benefited 

everyone, and 

having the 

opportunity to 

learn a new way 

of operating and 

take my skills to a 

new level.  
Keith Lueken,

VVWRA Senior Operator 

“ 



 

 

 

FOCUSING ON ENERGY FOR THE FUTURE 

Improvements implemented over the past 8 years will help VVWRA save operating costs 

and avoid rate increases for decades, and provide potential new sources of revenue 

streams. 

 

LEVERAGING SURPLUS BIOGAS 

Co-digestion of waste organics with wastewater sludge provides VVWRA with added revenue streams of tipping 

fees from local restaurants and businesses seeking to dispose of waste. New state legislation requiring 

recycling/landfill diversion of organics will further increase the amount of available organic feedstock, thus 

increasing the biogas the facility can produce, and positioning the Victor Valley community as a significant 

contributor to helping California meet its statewide waste recycling goal of 75% by 2020.  

VVWRA has the foundational infrastructure in place to create new ways to use surplus biogas with limited future 

investment. For instance, installation of a third engine would allow VVWRA to sell excess power back to the 

regional electrical grid. Alternatively, VVWRA has considered exporting compressed biogas to offset the use of 

propane by a local industry. VVWRA is also investigating the export of power from the WRF to the electrical grid 

to offset energy costs for two water reclamation plants currently under construction.   

FIGURE 5 

Surplus biogas produced through the WRF’s co-digestion process provides VVWRA with new ways to offset 

future energy costs and increase revenue.  

 



 

 

 

LEADING THE WAY IN ENERGY EFFICIENCY 

VVWRA’s WRF recently became the first municipal wastewater 

facility in North America to join the U.S. Department of 

Energy’s (DOE) Better Buildings, Better Plants program, 

leading the way for other U.S. facilities focusing on energy 

efficiency. Joining Better Plants establishes VVRWA as a 

leader in industrial energy efficiency with a specific pledge to 

reduce energy intensity by 25% over 10 years.  

Better Plants Partners benefit from DOE technical support, 

which can help identify cost-effective energy efficiency 

improvements that save energy and improve competitiveness. 

To date, Better Plants Partners have saved approximately 457 

trillion British thermal units (TBtu) and nearly $2.4 billion 

cumulatively in energy costs. 

The program consists of industrial organizations, including water and wastewater treatment agencies, 

representing about 2,400 facilities and 11.4% of the U.S. industrial base. VVWRA is proud to be one of the 

program’s first wastewater treatment organizations, and is committed to documenting and sharing metrics that 

can be compared with wastewater utilities nationwide and across industries. In addition to the Better Plants 

program, VVWRA is participating in DOE’s Superior Energy Performance program. Through the program, 

VVWRA will receive training on the ISO 50001 Energy Management Standard and further empower their staff to 

identify and implement energy-saving projects on a continuous basis. 
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