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The City of Crystal Lake (Illinois) municipal wastewater 
treatment plant (WWTP) employs an anaerobic digester 
heating system that differentiates itself from most 
heating systems by using Direct Steam Injection (DSI). 
This heating system has been in operation for over four 
years.

Selection criterion included: high energy efficiency, small 
footprint, low maintenance costs and tight temperature 
control. Initial concerns over killing anaerobic microbes 
and struvite formation have been dispelled. Solids 
destruction averages 46% with a corresponding digester 
gas production of 35,000 ft3/day [990 m3/day], saving 
the city approximately $8,000 USD/month. Operational 
experience has been excellent with no heater-related 
problems.

Anaerobic digestion, sludge heating, wastewater, Direct 
Steam Injection, DSI, heat exchanger, WWTP, energy

Crystal Lake, Illinois, located 50 miles [75 km] 
Northwest of Chicago, upgraded their existing digestion 
facility as part of an overall plant upgrade.
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INTRODUCTION

The area is experiencing rapid growth, and the upgrade 
provided for faster waste processing, increased 
capacity and better process control to meet regulatory 
requirements. The process is shown in Figure 1, with 
shading used to identify the plant upgrades. Significant 
additions to the treatment plant include: pump station, 
preliminary treatment with fine screens and grit tank, 
primary clarifiers, additional aeration basins and a 
secondary clarifier, sand filters, UV and metering 
systems, gravity thickeners, anaerobic digester and 
centrifuge.

During the design phase, attention was paid to heat 
losses and maximizing digester gas utilization. Also, the 
overall footprint requirement of the installed heating 



system was evaluated to minimize new construction 
costs. Direct Steam Injection was selected as the 
method for digester heating for a number of reasons: 
high energy efficiency, low maintenance costs and tight 
temperature control.

The present facility has a design capacity of 5.8 MGD 
[26,000 m3/day]. The anaerobic digester has a capacity 
of 769,000 gallons [2,910,000 liters] and treats an 
average flow of 40,000 GPD [150,000 LPD] of sludge 
at 0.96% solids. Calculations indicate that during the 
winter months 2.7 MBtu/hr [790 kW] are required to 
maintain the digester at the design temperature of 
98.5°F [37°C]. The DSI heater was sized to deliver 
3,200 lbs/h [1,500 kg/h] of steam at 15 psig [1 barg]. 
Prior to being pumped through the DSI, the sludge is 
passed through a sludge grinder.

A 3.5 MBtu/hr [1,030 kW] commercial boiler with 
one hot spare provides steam at 13 psig [0.9 barg]. 
The operating pressure was defined to be less than 15 
psig [1 barg] so that the boiler could be operated by 
trained plant personnel, rather than a certified boiler 
operator. The primary boiler operates using digester gas 
compressed from 8” W.C. [.20 m] at the digester to 
2 psig [.14 barg] at the boiler. The secondary boiler 
utilizes natural gas.

The boilers operate automatically, starting and cycling 
as needed to maintain boiler feed temperature. If the 
sludge requires heat, the DSI heater controller will 
verify flow and regulate steam to maintain the digester 
temperature at set-point. Temperature is monitored on 
the discharge side of the pump. Figure 2 shows details 
of the digester, boiler and circulating pumps. Photos of 
the installation are shown in Figures 3 and 4.

DSI HEATING PRINCIPALS
The common method of maintaining an anaerobic 
digester at optimum temperature is indirect heating − 
either external (most common) or internal. For indirect 
heating methods water is the medium utilized to 
transfer heat to the sludge through the wall of a heat 
exchanger. The upgraded City of Crystal Lake system 
uses direct DSI to maintain temperature. Direct Steam 
Injection heating is a well established technology and 
has been used for many years in a variety of process 
industries for heating of high viscosity fluids, especially 
applications where the fluids or sludges are sensitive 
to heat or are difficult to pump. In the food industry, it 
is used in pasteurization and sterilization processes for 
fluids that can be difficult to heat due to their tendency 
to burn or scorch in conventional heat exchangers,when 

Figure 3: DSI Installation. Steam enters from above,  
the process flows from below and discharges away from  the viewer.  

Note that the DSI heater take essentially zero floor space!

time and temperature are difficult to maintain. Direct 
Steam Injection heating’s ability to maintain a precise 
temperature set-point provides improved process control 
and allows for accurate data collection. When properly 
designed and applied, DSI allows for very rapid and 
precise heating, giving the Plant Operator or Engineer 
the ability to adjust to varying process demands. It has 
been evaluated for use in anaerobic digesters and has 
been used effectively at several municipal installations, 
including Baltimore’s Back River Wastewater Water 
Treatment Plant 1 and Spokane’s Riverside Park Water 
Reclamation Facility 2. Based on positive operating 
experience, a number of other wastewater treatment 
facilities have specified DSI for wastewater sludge 
heating in their anaerobic digesters, for both mesophilic 
and thermophilic digestion.



Direct-contact steam injection heaters transfer heat 
by injecting precisely metered amounts of steam into 
the sludge (see Figure 5). Through the use of integral 
internal modulation, steam is provided at full pressure 
at the point of injection − maintaining appropriate 
steam velocities which results in rapid heat transfer, 
complete condensing of the steam, thorough mixing 
and the elimination of fouling problems. Direct-contact 
steam heating can provide 100% thermal efficiency 
because both the sensible and latent heat of the water 
are used. Per pound [liter] of water, 1,055 Btu [1.05 
kW] are available for direct heating with 15 psig [1 
barg] steam compared to 50 Btu [.05 kW] with indirect 
hot water heating.

The direct-contact steam injection heater utilized at the 
City of Crystal Lake operates on the principal of choked 
nozzle flow. In a converging section of a converging/
diverging nozzle the maximum obtainable fluid velocity 
is the speed of sound reached at the throat and is noted 
a choked flow in Figure 6. Sonic velocity is attained at 
the throat of a converging/diverging nozzle only when 
the pressure at the throat is low enough that the critical 
value of pr/po is reached with pr and po defined as the 
outlet and inlet pressures of the nozzle, respectively. 
The ratio of pr/po defines the critical pressure ratio and 
equals approximately 0.56 at the throat of the nozzle.

It is important to note that the DSI heater is designed
for choked-flow operation and internal modulation is
used to control the mass flow rate of the steam into
the sludge. Steam pressure is not regulated by an
external valve.

OPERATIONAL EXPERIENCE & 
LESSONS LEARNED
Given that DSI is a relatively new technology in 
wastewater treatment, personnel initially expressed 
that they had several concerns. These concerns 
included: Capacity of the DSI heater, whether steam 
would kill the anaerobic microbes, acceptable solids 
destruction, struvite build-up in the system, effect 
of steam condensate on the process and operational 
reliability.

The thermal capacity of the DSI heating system was 
first tested operationally using water. The digester was 
initially filled with water at 55°F [13°C] and heated to 
103°F [39°C] over a four day period corresponding to a 
3.2 MBtu/hr [940 kW] heating capability. This verified 
the accuracy of the design capacity.

Anaerobic digestion performance has not suffered in 
any way as a result of DSI heating. Initial concerns over 
killing the anaerobic microbes have been dispelled 
by over four years of consistent performance. Sludge 
temperature has been limited to a maximum of 103°F 
[39°C] at the outlet and mixed to a maximum of 98.5°F 
[37°C]. Temperature control has been excellent.

Volatile solids destruction averages 46% with a 
corresponding digester gas production of 432,000 ft3/
day [12,200 m3/day]. Energy savings due to digester 
gas production has been significant. Before installation, 
digester gas production was a total of 8,446,000 
ft3 [239,200 m3]. Natural gas usage was a total of 
3,819,400 ft3 [108,150 m3]. During some months, 
digester gas exceeds consumption, and since there 
is no storage it is burned off. Investigations are on-
going to determine if an engine-generator set would be 
cost-effective for periods when digester gas production 
exceeds heating requirements. Given a typical electric 
bill of $350,000 USD a month, this is an attractive 
possibility.

Concerns over struvite build-up have proven unfounded. 
There has been no detectable accumulation in the sludge 
piping system − without any special maintenance. 
In contrast, indirect methods of heat transfer (heat 
exchangers) would typically require cleaning on a 
regular basis.

Elimination of this maintenance cost is a significant

benefit.



400 Pilot Court | Waukesha, WI 53188
(262) 548-8900 | (800) 952-0121

www.hydro-thermal.com

HH-200 RevC/2010

Staff raised questions about the impact of steam 
condensate on the process. This was closely monitored 
at startup. Condensate was measured to be about 
2,700 GPD [10,000 LPD], however there have been 
no negative effects of the condensate on the process. 
In addition, the quantity of condensate is very low in 
comparison to the overall process − on the order of 
0.1%.

Following the initial plant upgrade, the boiler 
conditioning chemical system was improved. Initial 
cost for water softener and other boiler pretreatment 
was $2,000 USD a month and has been reduced to 
about $500 USD a month.

The system has been highly reliable, with only a minor 
issue with a piece of ancillary equipment − a flow switch. 
The system uses a flow switch such that the steam valve 
will not open unless water flow is detected. The original 
flow switch was a paddle type inserted into the flow. 
After one year of operation the stainless steel paddle 
broke off due to an accumulation of rags. The paddle 
got stuck in the throat of the heater. Maintenance staff 
opened the valve and removed the piece in just under 
three hours. The unit has worked without incident since 
that date.

After operating for nearly four years, plant 
maintenance staff purchased and installed a heater 
rebuild kit. The components of the original heater 
were still in satisfactory condition and have been 
kept on hand in case of an emergency.

CONCLUSIONS

END NOTES

Overall, the system has performed very well over the 
past four years. Design criteria have been met, including 
solids destruction and gas production. The boilers 
run on digester gas which minimizes operating costs. 
Direct Steam Injection heating has proven to function 
as designed, with no operational or maintenance 
issues. Costs associated with heat exchangers have 
been eliminated.

The plant received a prestigious award − the Illinois EPA 
Plant of the Year, in recognition of data management, 
innovative use of DSI heating and operational excellence. 
Since then, the plant has continued operation with no 
unscheduled shutdowns.
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