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T
he City of Tampa (city) owns and oper-
ates the Howard F. Curren Advanced
Wastewater Treatment Plant (plant). The

plant is currently permitted for 96 mil gal per
day (mgd) average annual daily flow (AADF)
and operates with an AADF of approximately
60 mgd. Liquid treatment includes primary
clarification, followed by a high-rate activated
sludge process. Solids processing consists of sec-
ondary sludge gravity thickening, conventional
mesophilic anaerobic digestion, belt filter press
dewatering, and a rotary drum drying facility.

The rotary drum drying facility has not
been operated since 2010 due to higher opera-
tional costs associated with production of a
Class AA pelletized biosolids, as compared to ei-
ther a Class B dewatered cake land application
or dewatered cake landfill disposal. Biogas can
fuel boilers for digester heating, with the excess
gas flared, or can be routed to a combined heat
and power (CHP) system for electrical power
generation and digester heating through engine
heat recovery.

Since much of the facility’s infrastructure
is reaching the end of its service life, the city has

programmed comprehensive renewal/replace-
ment upgrades. To that end, the city has com-
missioned a phased master plan to assess plant
condition and performance, identify and eval-
uate enhanced treatment options, develop con-
ceptual designs of recommended upgrades, and
prioritize implementation.

A pre-existing process schematic is pro-
vided in Figure 1.

When the city commissioned a 20-year
master plan for the plant to address renewal and
replacement of aged facilities, the following
treatment process evaluations were also in-
cluded:
1.  Liquid stream alternatives to reduce opera-

tional costs, such as methanol use, and im-
prove treatment efficiency.

2.  Conversion to advanced digestion processes
to maximize solids destruction and biogas
production for beneficial reuse.

3.  Feasibility of energy and heat recovery from
excess digester gas, combined heat and
power, and renewable compressed biogas for
fueling of the city’s compressed natural gas
(CNG) fleet vehicles.

Methodology

The preliminary evaluation of digestion
and biogas recovery options consisted of identi-
fying potential options, quantifying solids pro-
duction projections, preliminary sizing of unit
processes, developing mass balance calculations,
preliminary facility layouts, and calculating
comparative life cycle costs for each option. 

Solids treatment options that were evaluated
included:
S Upgraded conventional mesophilic anaero-

bic digestion (MAD) 
S Conversion to temperature-phased anaero-

bic digestion (TPAD)
S Conversion to acid-gas mesophilic digestion

(AGMD) 
S Addition of thermal hydrolysis pretreatment

(THP) to upgraded MAD (THP+MAD)

Biogas energy recovery options included:
S Direct digester heating by hot water boilers

and heat exchangers, with flaring of excess
gas.

S Replacement of the aged combined CHP sys-
tem, including heat recovery, to produce elec-
trical energy and capture thermal energy. 

S Use as renewable natural gas (RNG) to re-
place the CNG currently purchased for the
city’s solids waste and bus vehicle fleets. 
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Figure 1. Pre-Existing Process Schematic
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Digestion and biogas recovery options were
evaluated for two liquids process scenarios:
1. Optimize the existing high-rate activated

sludge process (low solids retention time
[SRT], greater sludge production, higher
volatile content, and higher gas yield).

2. Convert to a parallel Modified Ludzack-Et-
tinger (MLE) process (higher SRT, lower
sludge production, lower volatile content, and
lower gas yield).

Results: Advanced 
Digestion Alternatives

Quantify Solids Production
A GPS-X® process model was developed to

predict treatment performance and solids pro-
duction for both liquid stream alternatives.

Table 1 summarizes the projected long-
term organic loading to the digesters for the se-
lected liquid stream alternative (Alternative 1:
Optimize existing high-rate activated sludge
process).  

Table 2 presents GPS-X process modeling
results of predicted digestion performance
based on the sludge production rates and long-
term biological nutrient removal (BNR) process
changes. Under these baseline conditions, an-
nual average volatile solids destruction is ex-
pected to approximate 58 percent.

Alternative 1: Baseline Maintain/Upgrade
Mesophilic Anaerobic Digestion Process

In the baseline condition, existing digesters
would continue to operate in a conventional
mesophilic mode, with operating temperatures
of 95 to 100˚F. 

Smaller digesters 1 through 4 were con-
structed in the 1950s, digester 5 was constructed
in the 1970s, and larger digesters 6 and 7 were
constructed in the 1980s. Structural analysis of
the oldest digesters indicates that concrete tanks
can be reused in planned upgrades. A mechan-
ical equipment condition assessment concluded
that most digester covers, and all pumping, mix-
ing, heating, and gas handling equipment,
should be replaced. 

Alternative 2: Conversion to Temperature-
Phased Anaerobic Digestion

This alternative evaluates converting the
conventional mesophilic anaerobic digestion
process into a TPAD configuration, which con-
sists of thermophilic digestion (131 to 140oF),
followed in series by mesophilic digestion (95 to
100oF). In temperature-phased mode, thickened
waste activated sludge (TWAS), plus primary
sludge (PS), would be fed to the thermophilic
digesters, and partially digested sludge from the

Table 1. Projected Plant Anaerobic Digester Long-Term Organic Loads

Table 2. Projected Plant Anaerobic Digester Performance

Table 3. Anaerobic Digester Volatile Solids Reduction Parameters

Table 4. Minimum Hydraulic Retention Time for Temperature-Phased Anaerobic Digestion (Days) 
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thermophilic digesters would be transferred to
the mesophilic digesters. A raw fats, oils, and
grease (FOG) stream would be routed directly
to the second-phase mesophilic digesters. When
implemented in other facilities, temperature-
phased operation has increased the degradable
fraction of volatile solids and has also increased
digestion reaction rates. Table 3 summarizes the
differences in volatile solids reduction between
mesophilic and thermophilic anaerobic di-
gesters.

These parameters indicate that ther-
mophilic conditions promote faster and more-
complete degradation than mesophilic
conditions, resulting in an increase in both
volatile solids reduction and digester gas pro-
duction. The minimum digester HRT required
for temperature-phased operation is presented
in Table 4.

Based on these HRT criteria, a minimum of
two operating thermophilic digesters and six ex-
isting operating mesophilic digesters would be
required to meet future organic loading condi-
tions (80-mgd sludge production). In addition
to the eight operating digesters, a standby di-
gester would be required for “N+1” reliability;
therefore, conversion to a TPAD configuration
would require a total of nine digesters, including
the seven existing digesters and construction of
two new thermophilic digesters (minimum total
volume of 6.1 mil gal). Key design criteria for the
new thermophilic digesters include:
S Cast-in-place concrete construction (to meet

structural and temperature insulation crite-
ria)

S Fixed digester covers (for odor control)
S Gas mixing systems (similar to existing di-

gesters) 

A new thermophilic digestion process
equipment building would also be constructed
to house thermophilic-to-mesophilic transfer
pumps, heated sludge recirculation pumps, heat
exchanger units, and a sludge heat recovery sys-
tem.  The proposed TPAD facilities are shown
in Figures 2 and 3.

For maximum-month loading conditions,
with one of the two thermophilic digesters out
of service, thermophilic residence time meets
the minimum recommended HRT of five days.
Similarly, with one of the largest mesophilic di-
gesters out of service, mesophilic residence time
meets the minimum recommended HRT of 10
days. 

A sludge heat recovery system (sludge-to-
sludge heat exchangers) would be provided in
the thermophilic digester control building to
transfer (recover) excess heat from the ther-

Figure 2. Solids Process Schematic: Temperature-Phased Anaerobic Digestion 

Figure 3. Site Plan: Proposed Temperature-Phased Anaerobic Digestion Facilities

Table 5. Anaerobic Digester Volatile Solids Reduction Parameters

Table 6. Minimum Hydraulic Retention Time for Acid-Gas-Phased Anaerobic Digestion (Days) 
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mophilic sludge to “preheat” TWAS+PS feed to
the thermophilic digesters and cool ther-
mophilic sludge before it enters the second-
stage mesophilic digesters. For the
temperature-phased anaerobic digestion alter-
native, the necessary improvements, in addition
to those included for the baseline digestion fa-
cilities, include:
S Two new temperature-phased digesters 8 and

9, including gas-holding covers, gas safety
equipment, mixing systems, electrical, and
instrumentation and control (I&C).

S One new digester building D, including ther-
mophilic sludge transfer pumps, heat ex-
changer equipment, heating pumps, waste
gas burners, gas safety equipment, piping
(sludge, gas, water and fuel), electrical, and
I&C.

Alternative 3: Conversion to Acid-Gas-
Phased Anaerobic Digestion

This section evaluates converting the con-
ventional mesophilic anaerobic digestion
process into an acid-gas-phased anaerobic di-
gestion (AGMD) configuration, which consists
of acid-phase digestion, where shorter detention
times favor the proliferation of acidogenic or-
ganisms that produce volatile fatty acids, while
suppressing methanogenic growth (pH remains
in the weakly acidic range of 5 to 6). This is fol-
lowed in series by gas-phase digestion, where
longer detention times allow the methanogenic
organisms to grow.  

In the acid-gas-phased mode of operation,
TWAS+PS would be fed to the acid-phase di-
gester, where partially digested sludge from the
acid-phase digester would be transferred to the
gas-phase digesters; a raw FOG stream would be

routed directly to the gas-phase mesophilic di-
gesters. When implemented in other facilities,
acid-gas-phased operation has increased the
degradable fraction of volatile solids and has
also increased digestion reaction rates. Table 5
summarizes the differences between mesophilic
and acid-gas-phased anaerobic digesters.

The two-phase acid-gas digestion process
was developed to provide ideal growth condi-
tions for acid- and gas-producing organisms.
Separation of acid and gas phases was found to
improve volatile solids reduction, while reduc-
ing retention time requirements. The minimum
digester HRT required for acid-gas-phased op-
eration is presented in Table 6.

Based on these HRT criteria, a minimum
of one operating acid-phase digester and five ex-
isting operating mesophilic digesters would be
required to meet future organic loading condi-
tions (80-mgd sludge production). A standby
digester would be required for “N+1” reliability.
Digesters 1 and 2 would be configured to oper-
ate as either an acid or a gas reactor. The size of
the smaller existing digesters is ideal for use as
acid reactors to meet the short two-day HRT;
therefore, conversion to an AGMD configura-
tion would not require additional digesters, but
rehabilitation of the seven existing digesters.
The proposed AGMD facilities are shown in
Figures 4 and 5.

Alternative 4: Addition of Thermal 
Hydrolysis Pretreatment to Baseline Digestion

This section evaluates the addition of
THP to the conventional mesophilic anaero-
bic digestion process configuration. The THP
could be added prior to anaerobic digestion
at the plant. The process would significantly
increase volatile solids reduction across the
digesters, reduce postdigested sludge mass,
and improve postdigested sludge dewater-
ability, resulting in much lower hauling costs.
Because THP reduces WAS viscosity, it’s ex-
pected that the anaerobic digesters could be
operated with a feed concentration of 8 to 10
percent TS. Increasing the digester feed sludge
concentration could potentially allow anaero-
bic digestion to be consolidated to three
mesophilic digesters. 

Thermal hydrolysis pretreatment facilities
proposed under this scenario would be pre-
ceded by a new sludge screenings process to re-
move small trash and debris, and a new
predewatering process to concentrate the feed
sludge. The predewatering facility would consist
of centrifuges, cake pumps, and polymer stor-
age and feed facilities.  

Thermal hydrolysis processes generally ex-
pose partially dewatered biological wastewater

Figure 4. Solids Process Schematic: Acid-Gas Mesophilic Digestion

Figure 5. Site Plan: Proposed Acid-Gas Mesophilic Digestion Facilities
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treatment residuals to a combination of high
temperature and high pressure for a fixed time
period, such that the cellular wall structure in
the residuals is fractured and soluble organic
material contained within the cells is made
bioavailable as a substrate in downstream di-
gestion unit treatment processes.  

There are several THP system providers.
The CAMBI® thermal hydrolysis process has the
largest installation base and was assumed for
this evaluation. The CAMBI system proposed
was based on the design criteria summarized in
Table 7.

When implemented in other facilities, the
addition of thermal hydrolysis pretreatment has
increased the degradable fraction of volatile
solids and has also increased digestion reaction
rates. Table 8 summarizes the differences be-
tween mesophilic and THP anaerobic digestion
facilities.

Based on the HRT criteria, a minimum of
two existing operating mesophilic digesters
would be required to meet future organic loading
conditions (80-mgd sludge production). In ad-
dition to the operating digesters, a standby di-
gester would be required for “N+1” reliability;
therefore, conversion to an THP configuration
would not require additional digesters, but in-
stead, rehabilitation of three existing digesters (5,
6, and 7) and construction of new thermal hy-
drolysis pretreatment and predewatering facili-
ties. Proposed THP facilities are shown in Figures
6 and 7. Table 9 compares predicted performance
for each of the four digestion alternatives.

Table 10 compares net present value of cap-
ital and annual operation and maintenance
(O&M) costs for each of the four digestion al-
ternatives.

Table 11 presents a matrix developed jointly
by the city and its engineer, with weighting of de-
cision factors and scoring for each alternative.
The scoring system is based on a scale of 1 to 10,
with 10 being the most-preferred option. The life
cycle operational costs include all energy usage.

Alternatives 2 (TPAD) and 4 (THP) were
the lowest ranked and were removed from fur-
ther consideration. Alternatives 3 (acid-gas) and
1 (baseline upgrades) had the highest and very
similar scores of 7.4 and 7.5, respectively. As a
result, either option is a good fit for the city. The
acid-gas alternative was chosen and the design
will allow for an alternate operational mode in
conventional mesophilic mode.

Results: Biogas 
Recovery Alternatives

Biogas Production
Desktop modeling estimated the biogas

Table 7. Thermal Hydrolysis System Design Criteria

Table 8. Anaerobic Digester Volatile Solids Reduction Parameters

Table 9. Predicted Performance for Advanced Digestion Alternatives

Figure 6. Solids Process Schematic: Thermal Hydrolysis Pretreatment 
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production by first calculating theoretical sec-
ondary and primary sludge production prior
to digestion, which was then calibrated to fit
the existing sludge supervisory control and
data acquisition (SCADA) data from 2015
monthly averages. Biogas production was then
estimated by using the modeled sludge pro-
duction, historical sludge characteristics from
2015 (monthly averages), and industry stan-
dard gas production rates to generate a low and
high estimated range of digester gas biogas
production, which is expected to increase ~1
percent per year.

Figure 8 shows the expected annual di-
gester gas production for the liquid and
biosolids alternatives. Alternative 1 represents
optimizing the existing liquid stream, and al-
ternatives 2a and 2b represent different parallel
liquid feed options. The liquid stream treat-
ment alternatives were found to have the largest
impact on biogas production; the biosolids
treatment alternatives did not have a large im-
pact on the biogas production. From Figure 2
it’s clear that optimizing the existing liquid
stream produces the most biogas, which can be
utilized in the most beneficial way possible.
This biogas production relationship was similar
for the other biosolids alternatives evaluated
(TPAD+acid-gas, and T+P+Mesophilic).

The following biogas utilization alterna-
tives were identified and evaluated:
S Alternative 0 – Flare all Biogas.  Alternative 0

assumes that all biogas is flared and natural
gas is purchased to provide digester heating.
The purpose of evaluating this alternative is
to establish a “zero resource recovery” base-
line to compare the revenue generation of the
other biogas utilization alternatives.

S Alternative 1 – Biogas to Boilers. This alterna-
tive makes beneficial utilization of the biogas
by fueling the existing boilers to provide di-
gester heating. All unused biogas would be
flared. This alternative eliminates the capital
costs and O&M costs associated with biogas-
fueled engines.

S Alternative 2 – CHP. This alternative ex-
plores technologies and strategies that uti-
lize digester gas to produce electric energy to
offset purchased and thermal energy that
can be recovered for digester heating. The
electric energy is used to offset the purchased
utility power at the current retail rate. Ther-
mal energy is recovered from the exhaust
and engine cooling system to provide the di-
gester/building heating demands. It was as-
sumed that the benefits gained from
offsetting the purchased electric energy
under the retail rate would be from the en-
ergy usage component of the total utility bill,
only to account for the loss of demand offset

from CHP system downtime. It was deter-
mined the annual average electric energy off-
set benefit would be approximately
$0.07/kilowatt hour (kWh) for the CHP al-
ternative.
•  Alternative 2a – Refurbish Existing Engines.

Refurbish the existing five 500-kW Wauke-
sha CHP engines for reuse in lieu of pur-
chasing new engines. 

•  Alternative 2b – New CHP System Engines

and Building. Remove the existing Wauke-

sha engines and heat recovery equipment
and install new engines furnished with en-
gine jacket heat recovery in a new building. 

•  Alternative 2c – New CHP System Engines

in Existing Building. Remove the existing
Waukesha engines and heat recovery
equipment and install new engines fur-
nished with engine jacket heat recovery in
the existing building. 

•  Alternative 3 – Biogas to RNG for Vehicle

Figure 7. Site Plan: Proposed Thermal Hydrolysis Pretreatment Facilities

Table 10. Net Present Costs for Advanced Digestion Alternatives

Table 11. Digestion Alternatives Decision Matrix
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Fueling. Recover and condition/compress
biogas to be used in the city’s CNG-capable
vehicles. For this alternative, digester gas is
treated (or “upgraded”) to natural-gas-
pipeline quality (RNG) and will be used as
a transportation fuel to gain the benefit
from the renewable identification number
(RIN) commodity market. For the pur-
poses of this alternative, it’s assumed that
all biogas will be treated to natural-gas-
pipeline quality standards and injected into
the natural gas pipeline. The CNG will be
“wheeled” through the TECO Energy
(Tampa) natural gas pipeline network out
to a wide network of customers, including
the city’s CNG fueling stations. Between
the city’s existing 60 refuse trucks and 60
CNG busses from the Hillsborough Area
Regional Transit Authority (HART), it’s an-
ticipated that approximately 1.1 mil gaso-
line gal equivalents (GGE) of RNG per year
will be consumed, which is the majority of
RNG produced.

The biogas utilization feasibility evalua-
tions were performed using Hazen’s energy
balance and analysis tool (EBAT), which mod-
els the complex relationship of energy pro-
duction, demands, and costs to provide
accurate long-term cost/benefit assessments
for multiple biogas utilization alternatives.
The EBAT model was used to generate a 20-
year life cycle cost/benefit analysis (LCA) for
each of the biosolids and liquid stream alter-
natives and the impact on the biogas produc-
tion and utilization alternatives. The 20-year
LCA incorporates capital cost debt service, en-
ergy savings, and O&M costs to calculate the
true 20-year life cycle cost/benefit for each al-
ternative.

The EBAT model also calculates 20-year life
cycle costs for current market conditions, as well
as high and low market conditions, so that the
full range of economic outcomes for the biogas
utilization alternatives can be understood. The
EBAT model calculates all costs/revenues for the
year incurred (nominal dollars) over the 20-year
life cycle. To simplify the costs and be consistent
with previous studies, the revenue and cost data
are shown as “annualized,” which represent the
net present value of the 20-year lifecycle costs
expressed in present-day dollars over a 20-year
amortization period.

Using the biogas production information,
the EBAT model was used to calculate the an-
nualized net revenue cost/benefit for CHP (with
new engines) and RNG. Figure 9 summarizes
the annualized net revenue cost/benefit for all
evaluated treatment alternatives for both the

Figure 8. Mesophilic Biosolids Treatment Digester Gas Production

Figure 9. Net Revenue Annualized Cost/Benefit

Figure 10. Annualized Net Revenue Cost/Benefit
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CHP (with new engines) and RNG biogas uti-
lization alternatives. In addition to producing
more biogas, as shown previously, Figure 9
clearly shows that optimizing the existing liquid
stream treatment has the potential to produce
the most revenue for the plant.  

The city selected the existing liquid stream
treatment alternative and the acid-gas biosolids
treatment alternative. The combination of these
alternatives is expected to produce ~3 percent
more biogas.  

Figure 10 shows the annualized net oper-
ating cost for all alternatives. The study results
show that alternatives 2 (CHP) and 3 (vehicle
fueling/RNG) are the only two alternatives with
a positive annualized net operating cost and
could produce revenue for the plant.

As shown in Figure 10, the RNG alternative
could produce greater revenue than the CHP al-
ternative under the market conditions at the
time of this report. It’s important to note that
the RNG alternative can have a higher revenue
potential and may have a higher level of volatil-
ity due to the uncertainly on the long-term
health of the RIN market.  

Conclusions

For digestion, conversion to AGMD results
in the lowest life cycle cost, primarily because
the existing smaller digesters 1 and 2 can be re-
purposed as acid-phase reactors to avoid the
need for new tanks, while increasing biogas for
energy recovery. The TPAD and THP+MAD
options also improve biogas production, but
would require significant additional capital in-
frastructure, resulting in reduce economic at-
tractiveness.

For biogas recovery, cost benefits from en-
ergy production make CHP and RNG options
more financially attractive than the base op-

tion of a digester heating and flaring excess
biogas. Table 12 summarizes preliminary find-
ings/conclusions for the biogas recovery op-
tions.

It’s recommended that the RNG alternative
be investigated further with TECO Energy and
that the following next steps be taken:
S Initiate a detailed utility pipeline assessment

with TECO. This will determine if there is a
nearby injection point for the plant or if a
pipeline extension would be required.  

S If the first step is viable, an interconnection
capacity study can be initiated to determine if
there is capacity in the pipeline for the addi-
tional natural gas.  SS

Table 12. Biogas Recovery Options


