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PetWin 5.2 contains many exciting new updates. PetWin 5.2 enables users to capture a plant-wide
inventory of power demand. For example, PetWin will calculate blower power requirements, taking into
account factors such as inlet air temperature and relative humidity, pressure losses in the air delivery
system, etc. Pumping power may also be tracked, accounting for detailed factors such as pipe material
and diameter for dynamic head losses. Miscellaneous mechanical power for various treatment
flowsheet elements also may be tracked. To compliment this new functionality, PetWin also includes the
facility to easily implement up to three different electricity tariff rates over the day, and these patterns
can be different across two “seasons” (e.g. summer and winter). With the additional ability to explore
onsite power generation and heat recovery via CHP, tracking of other costs including consumables (e.g.
methanol and metal salts) and sludge disposal, PetWin 5.2 has expanded capability as a plant
management tool.

Power Requirements — General Considerations

PetWin now tracks power requirements for a number of categories or sources. For example, Blower
Power, Mixing Power, Mechanical Power, Pumping Power, Heating Power, Surface aeration Power, Solid
Liquid Separation/Disinfection Power, and Heating Ventilation and Cooling Power. This categorization
allows the power requirements to be easily displayed and itemized.
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Power is tracked for elements via their Power tabs. All elements can track power demand on either a
unit volume/flow basis, or a direct user-input kW (or hp) basis. Each of these options can be constant, or
vary with time as shown below:
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Power Requirements — Aeration

Aeration is often the single biggest consumer of power in a wastewater treatment plant. PetWin allows
you to specify whether an aerated element is part of a group of bioreactors / aerated zones that is
supplied by a common blower, by defining as many Air supply groups as you like, as shown below:
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The total air delivered by a blower to a group of reactors is automatically totalized and used to calculate

the blower power requirements. You can choose between three methods for calculating blower power
requirements:

1. Adiabatic / polytropic power equation (default method);
2. Linear power equation (power is linearly related to air flow and pressure change);

3. User defined equation (users can implement complex equations to account for situations such
as “main” and “standby” blowers).

The power calculations account for a number of important aeration system parameters, including:
e Blower inlet air conditions (temperature and relative humidity)

Inlet air (gas) cenditions >

Inlat air field conditions I

Inlet air temperature Inlet air hrnidity
+ Constant value of |12.00 Deq. C + Constant value of |20.00 X
€ Scheduled || | © Schedued |

o Blower efficiency (which can be set up to vary with air flow)
e Total pressure loss through the air delivery system (e.g. piping and valves)
e Pressure loss across the diffusers (which can be set up to vary with air flow)

The PetWin 5.2 manual contains more detail and examples on the topic of aeration power
requirements.

Power Requirements — Pumping

Power requirements to pump various flows for a process flowsheet are tracked via the new pump

element in PetWin. Pumping power can either be calculated or specified as a constant or scheduled
demand for Pump elements.

Pump



If you choose to have PetWin calculate the power, PetWin will sum all flows entering the pump element
for use in its power calculation. Furthermore, you can enter the static head, pipe length and pipe inside
diameter:

!r Pump and pipe specifications X
Furmp and pipe specifications l

Pumping power calculation

Static head  |1.600 m Pipe length | 160.0 M
Pump efficiency .. | Pipe inside diameter |800.00 -

Pipe/configuration details. .. |

You can also provide information on the pump efficiency (i.e. whether it is constant or varies with flow)
and the pipe characteristics used for calculation of total dynamic head (e.g. pipe roughness and minor
loss coefficients), as shown below (PetWin also can account for the impact of high solids concentrations
on a pumped stream’s viscosity if desired):

N Pump efficiency X
Fump efficiency

Pump efficiency calculation

"' in overall pump efficiency = & + B*Q + C¥(Q72) |0.7500 etz

Thiz iz the "overall" pump efficiency.

B'in averall pump efficiency = & + B0 + CFQ°2) |0 1/m34d) That is, th_e.produc:t aof the eleqtrical
supply efficiency, the motor efficiency
‘T in overall pump efficiency = & + B*0 + CE72) |0 1/m3dd)"2 and the actual purnp efficiency.

L= Pipe/configuration specifications *

Fipe roughness and fittings }

Pipe roughness and fittings

Pipe roughness |0.200 mm Kl[fittings] - Total minor losses |4.9000

Pipe raughness suggested values

~ PWCADPE Fitting Kowvalue | Mumber
 Riveted stesl Pipe entrance (bellmouth] | 0.0500

" Seemless steel 307 bend 07500 g

" Commercial steel wiought iron 45" bend 0.3000 2

™ Galvanized iron Butterfly value [open) 0.3000 1

" Castiron Nonereturn value 1.0000 ]

@ Concrete smooth [steel forms) Qutlet [belmouth] 0.2000 1

" Concrete average [good joints)

" Concrete rough

" Custom

Calculate tatal K. far fittings




Heating Requirements — Anaerobic Digester & Thermal Hydrolysis Unit

The heating power requirement is determined for Anaerobic Digester and Thermal Hydrolysis flowsheet
elements. Typically, the main component of the heating power is the amount of energy required to heat
an influent stream to the desired operating temperature specified in the Anaerobic Digester and/or
Thermal Hydrolysis unit elements. Additional heating power may be required in an Anaerobic Digester
element to overcome a specified digester heat loss, which can vary with time as shown below:
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Dimensions 1 Operation | Qutflow ‘ Initial values l Powe I
Gas use Heating { heat loss I Model options } hanitor item: I

Heat loss
( Constant value of 05000 *Cjd
" Scheduled
T T
Heating method
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Boller options
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Heat recovery options
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Exchanger effidency [0.65
H/X Hot Stream Exit T
5.00 =
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Press F1 for help Cancel

The heating power requirement is provided from a fuel or electrical source [see later], but there are also
options in PetWin for heating power recovery within the Anaerobic Digester and Thermal Hydrolysis

Unit elements:

. Editing Anaerobic Digester [
Dimensions I Operation 1 Ot ] Initial values } Power ]
Gas use Hesting / heat loss I Model options I Wonitor iters ]

Heat loss

{+ Constant value of 10,5000 °Cfd
(" Scheduled

Digester heating and heat recovery options

Heating method
{* Boiler (Fuel) " Blectrical

Boiler options:

Natural gas -
Boiler efficency [0.850

Heat recovery optians
v Heat exchanger on inflow/outriond

Exchanger efficency (0.65

H/X Hot Stream Exit T

5.00 E

- H/X Cold Stream Entry T

Press F1 for help

When the option to include a heat exchanger is specified, PetWin assumes that the hot digester (or
THU) output stream is used to heat the cool incoming stream in a counter-current heat exchanger. Users
can enter the efficiency of the exchanger as well as the temperature difference between the heat



exchanger’s hot exit stream and cold entry stream. A schematic representing the difference in
temperature between the hot exit and cold entry streams for the heat exchanger is shown below:

Heat Exchanger (H/X)

HOT STREAM

Exit T

COOL STREAM Jentry T

It is possible to choose between two heating methods for anaerobic digesters and thermal hydrolysis
units:

1. Electrical heating which will incur an electricity cost, or
2. Heating via an external fuel source used in a boiler (i.e. natural gas, heating oil, diesel, or a
custom fuel) which will incur a cost for fuel.

PetWin 5.2 also allows you to choose how biogas generated in an anaerobic digester is used. The overall
multiple options for biogas use are shown in the following diagram (and options for additional heating
needs are identified):



Potential Uses for Digester-Generated Biogas in PetWin 5.2

Fate of Biogas
(Gas Use)

Boiler (heating
influent)

Healing
demands met?

Flare/Sell all

Division of
Energy

Specify Heating
Method

Supplemental
Heating Method

Boiler (Fuel)

Use on-site Heat influent
(sell excess) sl to Digester

Heating
demands met?

Sell All

Don’t Sell

Electrical Boiler (Fuel)

Supplem
Heating M

Electrical Boiler (Fuel)



Digester biogas may be used in three main ways:

1. Using the biogas in a Combined Heat & Power (CHP) engine. This pathway includes options for
selling all or left-over generated power; using or selling non-waste heat, and the method used
for additional digester heating if required (i.e. electrical or use of external fuel).
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2. Burning the biogas in a boiler for heating and supplementing via electrical or external fuel
sources if insufficient gas is available. If there is any excess biogas after satisfying heating
demands, there is an option to sell it.
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3. Either flaring off or selling all of the gas. For either option, the method used for digester heating
(i.e. electrical or use of external fuel) must be specified.

Flare/Sell all

Specify Heating

Ea

The above pathways are selected using the new Anaerobic digester Gas use tab:

!‘ EditinaAnaerobic diaester X

Dimensions | Operation I Dl awy | Initial walues | Power
Gas use | Heating / heat loss | tMaodel options | tanitar itermns
Gas use

~ Boiler (heating influent) = Flare/sell all

CHP Options
Percent CHP engine to power |33.00 %
Percent CHP engine to heat |35.00 %%
Percent CHP engine exhaust/waste 32,00 %
HF heat use

¥ Use CHP heat for digester input stream

Effidency of heat use IU.SSU

Press F1 for help Cancel |




Power Requirements — New Output Functionality

Power/Energy use plots can be generated semi-automatically in PetWin. These include:

e Power Demand Distribution plots
o Pie plot of instantaneous power demand
o Bar plot of instantaneous power demand

e Time Series plots

o Instantaneous power by category
Total and net instantaneous power
Energy consumption (Daily)
Energy consumption (Monthly)
Energy consumption (Yearly)
Energy consumption

o O O O O

For power demand distribution and time series plots, you are only required to select the elements that
you want included in the plots. PetWin then performs the necessary calculations (such as plotting daily,
monthly, yearly, and total overall cumulative energy consumption) and generates the plot. You then
may customize the appearance of the chart using PetWin's powerful chart and series formatting tools.
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In addition to these plots, you can also add pre-defined power tables to the album:



Album Database View

Power Categories FPower Demand [ki/] | Cost [Power consumption) [$/hour] |
Bloweers 21082 21.50
Mizing 26.00 2E5
Mechanical 300 0.31
Fumping 1833 1.88
Hesbthg e
5/L zep./Dizinfection B7.24 E.86
Total of tabulated 325,45 3319
Hwal 150,00 15.30
Service Charge e 0.05
Peak Demand Charge = 547
Syztem total 475 45 54.01
Fawer [CHF) L T e
Syztemn net 416.02 47.95

You can add pre-defined air supply group (i.e. blower) tables to the album. These tables show the
breakdown of power requirements for different air supply groups that have been defined, along with
various calculated values used in the blower power calculations (e.g. intake pressure, discharge
pressure, intake airflow):

Album  Databaze View

Air supply group | Power [k | Intake pressure [kPa] | Dizcharge prezsure [kPa) | Intake airflove [Hurid m3dhr [field]] |

Group #1 146.30 97.83 14893 9034.42
Group #2 B4.52 97.83 148,93 3983.97
Unaerated 1] 9783 142,38 1]
Total 21082 e 13018.38

Finally, you can add a chart that shows the peak 15-minute power demand for each month over the
most recent 12 months of simulation; this facilitates calculating and checking demand charges for the
subsequent month:
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Variable Alpha & Beta

PetWin has the ability to vary the alpha and beta parameters used in its aeration calculations with time.
Emerging research and measurement experience has indicated that alpha follows influent loading
patterns to some degree. You can use this option to fine-tune calibration of PetWin’s aeration model.
The small chart buttons can be used to rapidly plot a time series of alpha and/or beta.

N - Editing AER - £5 X

D\mensmnleperatmn Power Model | Manitar iterms

Model option:
I~ Local kinetic parameters Edit lozal kinetic parameters .. |
I~ Local aeration parameters Edit lozal aeration parameters .. |
I Local diffuser parameters Edit local diffuser parameters ... |

I~ Model gas phase

[ Alpha F Beta

" Constant st |0.500 & Constantat  |0.950
Pattern .. ﬁl " Scheduled Pattern .. gl

Press F1 for help Cancel |

Alpha and beta can also be plotted from the general time and current value series dialogue boxes.



Costing Calculations

PetWin 5.2 has the facility to track and totalize operating costs using localized currency units in four
separate categories:

1. Costs associated with energy consumption.
2. Costs associated with consumption of chemicals / consumables.
3. Costs associated with sludge disposal.
4. Costs associated with fuel consumption.
Costs Distribution Costs Distril:u.ti_a.n_‘
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<<@>>‘D%‘E"X|&‘§@ ‘gusa

Electricity costs are an important consideration in any operating cost analysis, and PetWin makes it easy
to input and account for complex factors such as varying daily rate structures for different seasons and
peak demand charges. For example, suppose you want to implement an electricity rate structure such as
the one shown below (HydroOne, 2015):

Summer Pricing  Weekends/Holidays Winter Pricing
(May 1 - October 31) (All Year) (November 1 - April 30)

MIDNIGHT MIDNIGHT MIDNIGHT

PRICESPERKWh  |UJ Offpeak 223 Mid-peak [[BK On-peak



Doing this is simple in PetWin — selecting the seasonal rates option offers a convenient interface for
setting up different daily electricity rate structures for different seasons.

Electricity costs .
Energy use l Other charges
Specify electricity cost by
(" Constant value of 01z § 7 [Kwih]
" Scheduled
v Seasonal . : !
Seasonal electricity cost .

Seasonal electricity cost l

Summer Wirber
Surmmer W inter
Start date:  |01/05 = Start date: | 01/11 -
Only day & month used Only day & month used
Ratesz Rates

On-Feak 4/ [k'wh] 0161 On-Peak $ ¢/ [kwh] |0.161
Mid-Paak $/ [kKwh] 0122 Mid-Paak §/ [Kwh] [0122
Qif-Peak $ / [kKw'h] |0.080 Dif-Peak $/ [Kwh] |0.080

Period definitions Period definitions

Period 1: ’W ’Wl Period 1 : ’W% lm

Period 2 : W ,m Period 2 : ,m W

Perind 3: W ,W‘ Period 3: ,m Im

Period 4: [1300 = [Offpeak =] Peiod4: [1500 = [Offpesk ]
“ear round

[v¥ “Weekends Off-peak i

Chemical costs are tracked in PetWin on a global basis for consumables such as methanol or metal salts
on a cost per unit volume basis, as shown below. Also, you have the option to include individual

elements from your flowsheet in the overall project cost tracking by checking or un-checking the option
to include that element on its Costs tab.



L X

Chemical Costs

Parameters

Mame Default  [Yalue
Methanol cost [$/L] 0.4400 0.4400
Ferric cost [$/1] 0.1000 01000
Alurninium cost [$/L]  0.0800 0.0800

Methanol
o

!ﬂ' Editing Methanol X

Inputtype  Costs | Manitar items

Chemical addition cost:

[+ iinclude this element in chemical costs calculation

Print all |

Press F1 for help Cancel |

Sludge disposal costs can be calculated on a unit volume and/or unit mass basis:

B - Editing Sludge *

Power/Costs MDnitDritemsl

ludge options (for power fcost calculations)

[+ Sludge disposal (dry) 0.0700 §/kg TS5 )

[+ Sludge disposal (volumetric): |0.0100 &/(m3/d)

Press F1 for help QK | Cancel




Cost, energy content, and liquid density for a variety of heating fuels may be specified via the Project >
Costs/Energy > Fuel/Chemical menu:

=r Parameter editor

Parameters

MName Default  |Value
Methanal [$/1] 0.4400 0. 4400
Ferric [§/L] 0.1000  |0.1000
Aluminium [$11] 0.0800 |0.0800
Natural gas [$/G]] 3.0000 3.0000
Heating oil [5/L] 0.5000 |0.5000
Diesel [§/L] 0.7000  |0.7000
Custom fuel [§/L] 10000 |1.0000
Biogas sale price [§/G]] 2.0000 2.0000

Note: If digester gas (Biogas) is not used for CHP it can be sold (if used for
heating any excess can be sold) at the price specified above

Heating fuel/Chemical Costs | Calarific values of heating fuels ] Drensity of liquid heating fuels ]

Er Parameter editor

X

Cancel

Eﬂ Parameter editor

Heating fuel/Chemical Costs

Calorific values of heating fuels

Density of liquid heating fuels

Parameters

Mame Default  |Value
Density of heating fuel oil [kg/m3] 900 900
Density of diesel [kg/m3] 875 a75
Density of custom fuel [kg/m3] 790 730

Heating fuel/Chemical Costs  Calorific values of heating fuels ] Drensity of liquid heating fuels ]

Parameters

MName Default  |Value |

Calorific value of natural gas [k/ka] 43000 43000

Calorific value of heating fuel oil [k/kg] 42000 42000

Calorific value of diesel [k1/kg] 46000 46000

Calorific value of custom fuel [kJ/kg] 32000 32000

Frint all Set curment tab to default values | 0K | Cancel |

There are three potentia

Ill

1. Sale of CHP power back to the electricity grid.
2. Sale of CHP-generated heat.
3. Anaerobic digester biogas.

Print all

Set current tab to default values

| ak | Cancel |

cost credit” or “revenue streams” in PetWin 5.2:




Costing Output

PetWin enables you to look at a detailed dynamic breakdown of “instantaneous” cost for power and
energy, taking into account the complexity of varying daily energy costs. Furthermore, PetWin will
automatically keep a running tally of the total energy costs to date:
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Similarly, PetWin will track both the “instantaneous” and running total costs for the entire facility,
including energy, sludge handling, and chemicals:
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Speed Improvements

PetWin 5.2 contains significant improvements in both steady state and dynamic simulation speed,
particularly for (a) large flowsheets incorporating many elements; and (b) systems incorporating biofilm
elements (e.g. media bioreactors in MBBR and IFAS configurations, submerged aerated filters, trickling
filters, etc.).

Speed Improvements - Steady State Simulation

The basic methodology for steady state simulations remains unchanged. That is, PetWin uses a “hybrid”
solver that combines a Decoupled Linear Search (DLS) method and a Modified Newton-Raphson (MNR)
method. The solver typically starts with a few iterations of DLS, and then switches to MNR to finish. The
MNR is much more efficient at obtaining solutions, but it is computationally intensive. For example, in
previous versions of PetWin, the MNR could take up to several minutes per iteration for systems with
large, complex flowsheets. Given that several iterations often are required, this translated into steady
state solution times of 20-30 minutes for very large systems.

In PetWin 5.2, the numerical engine underlying the MNR method has been replaced, resulting in huge
gains for large flowsheets. For example, in our internal testing we have systems that were taking ~200
seconds per iteration reduce to ~4 seconds per iteration, i.e. 50 times faster!



Speed Improvements - Dynamic Simulation

PetWin 5.2 uses a new dynamic integration method known as BDF (Backwards Differentiation Formula).
The BDF method is faster than the previous method for large, complex flowsheets and flowsheets
incorporating biofilm-based elements. Our PetWin 5.2 testing has indicated:

e Large systems not incorporating biofilm reactors run 3 — 6 times faster
e Systems incorporating biofilm reactors run 10 — 50+ times faster

If you open the Project > Current Project Options > Numerical parameters tab shown below, the BDF
method should be selected as the default method — even for a file you created in a previous version of

PetWin. The “old” PetWin method (BWHeun) is also still available because the new BDF method is not
yet available for simulation of SBR systems.

¥ Curent Project Options X

Drawing hoard | Pipe | Unitsystem | Modsl  Numerical parsmeters I

Seeding
Seed Sludge Retention Tme |5 |+ day(s). Default 5days 25 3| Seeding iterations

Steady state solver

Solve
(®) BioWin Hybrid @ dc fdt=0 © dMjdt=0
(O Modified Mewton-Raphson

() Decoupled Linear Search

Dunamic simulator
Method

" BWHeun (¥ BDF
Heun BOF
Liquid phase Error tolerances
Relative error |0.1000 % Relative errar tolerance W
Min. size (relative error calc.) ’EIUI— Absolute error tolerance ’W

Gas phase

Relative error |1.0000 %
Min, size (relative error calc,) |0.001

Step size control

Theta |70 |3 % Default 70% Advanced ...

OK Cancel




Model Change — Diffusion of Colloidal Material in Biofilms

PetWin’s biofilm model has always incorporated a diffusion rate for colloidal material into the biofilm
layers. This parameter can be found on the Project > Parameters > Biofilm > Effective diffusivities tab
shown below:

K BioFilm properties editor X
Binfilm general | Maximum biofilm concentrations [mg/L]  Effective diffusivities [m2/s] ] EPS Strength coefficients [ ]]
Parameters

Mame Default Walue |Arrhanius ‘ ~

Endogenous products RO0ODE-14  |5.000E-14  1.0290

Slowly bio, COD (part) 5O000E-14  |S.000E-14 1,040

Slowly bio. COD (colloid.) 5.000E-12  [5.000E-12

Part. inert. COD 5.000E-14  [S.000E-14  1.0290

Part. bio. org. N 5.000E-14  [5.000E-14  1.0280

Part. bio. org P BO0CE-14  [5.000E-14  |1.0250

Part. inert M 5.000E-14  (5.000E-14  1.0230

Part. inert P 5.000E-14  [5.000E-14  1.0230

Stored PHA 5.000E-14  [S.000E-14  1.0290

Releasable stored polyP EO00DE-14  |5.000E-14  1.0290

Fixed stored polyP BO0CE-14  [5.000E-14  |1.0250

Readily bio. COD [complex) E.500E-10  [6.900E-10  1.0290

Acetate 1.240E-9 1.240E-3 1.0230

Fropionate 8.300E-10  [8.300E-10  |1.0230

Methanal 1.600E-9 1.600E-9 1.0290 o

Frint all Set current tab ko default values Cancel

In previous versions of PetWin, the default value assigned for the effective diffusivity of colloidal
material was 5.0 x 1022, This value is greater than the one assigned to particulate material (e.g.
particulate degradable COD has a value of 5.0 x 10%%), but lower than soluble material (e.g. soluble
readily biodegradable COD has a value of 6.9 x 101%). The fate of colloidal material in biofilm systems is
directly impacted by this parameter value. For example, consider the system below consisting of four
moving bed bioreactor (MBBR) units in series:
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Using the default diffusivity parameters, the soluble COD and BOD profiles are as follows:

Soluble COD Profile
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Note that soluble BOD is not significantly reduced until the end of the third MBBR unit (bottom chart).
This can be explained by looking at the top chart. Although the uptake of soluble readily biodegradable
material is nearly complete by the end of the second unit, the uptake of colloidal material is not as rapid
and much of the soluble BOD leaving the second and third MBBR units is due to colloidal material.

Our investigations into performance of systems like the one pictured above suggests that the soluble
BOD is removed to a greater extent by the end of the second stage. As a result, in PetWin 5.2 the default
value assigned for the effective diffusivity of colloidal COD material has been increased to 5.0 x 10°%°,
This value is closer to, but slightly less than, the value assigned to soluble material (recall that soluble
readily biodegradable COD has a value of 6.9 x 10719, This results in more complete removal of colloidal
material by the end of the second stage, and gives the soluble BOD profile shown below:

Soluble COD Profile
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Model Change - Dissolved Oxygen Half-Saturation Constant for Phosphorus
Accumulating Organisms

In previous versions of PetWin, the phosphorus accumulating organisms (PAO) used the same dissolved
oxygen (DO) half-saturation model parameter as the ordinary heterotrophic organisms (OHO). This
reflected conventional wisdom which suggested that PAOs did not take up phosphorus effectively at low
DO concentrations. However, current research (Jimenez et al., 2014) suggests that PAOs are in fact able
to take up phosphorus effectively at very low DO concentrations. To reflect these findings, PetWin now
incorporates a separate dissolved oxygen (DO) half-saturation model parameter for PAOs. This improves
the model’s ability to track biological phosphorus removal behavior in systems operating under low DO /
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simultaneous nitrification-denitrification conditions. This parameter is found via the Project >

Parameters > Kinetic > Switches tab shown below:

Er Kinetic parameter editor

Eommon] ADB 1 MNOBE 1 Aa0 I OHO I Methy\olmphs] PAD 1 Acetogensl Methanogensl pH Switches ]

Parameters

Name

Default

Value

OHO DO half sat. [mg021L]

0.0500

0.0500

PAO DO half sat. [mgO2/]

0.0500

Anoxicfanaerobic NOx half sat, [mgM/L]

0.1500

ADB DO half sat. [mgO2/L]

0.2500

NOB DO half sat, [mgO21]

0.5000

AAQ DO half sat. [mgO2/]

0.0100

Anoxic MO3(->NO2) half sat, [mgh/L]

0.1000

Anoxic NO3(->N2) half sat. [magn/L]

0.0500

Anoxic MO2(->N2) half sat. (mgN/L)

0.0100

INH3 nutrient half sat. [mg/L]

0.0050

PolyP half sat. [mgP/mgCOD]

0.0100

VFA sequestration half sat. [ngCODAL]

5.0000

P uptake half sat. [mgP/L]

0.1500

P nutrient half sat. [mgPL]

0.0010

Autotroph CO2 half sat. [mmal/L]

0.1000

H2 low/high half sat. [mgCOD/L]

10000

0.0500
0.1500
0.2500
0.5000
0.0100
0.1000
0.0500
0.0100
0.0050
0.0100
5.0000
0.1500
0.0010
0.1000
1.0000

—

Frit all Set curent tab to default values

Cancel

Model Change — Compression Settling of Solids

In PetWin users can define a solids concentration that represents the maximum compactability of solids

in a model settling tank unit (i.e. a limit on underflow TSS concentration). In earlier versions, as the

solids concentration in a layer of a model settling tank approached the maximum compactability value,

that layer would “re-suspend” solids into the layer above; in this way the constraint on maximum
compactability was maintained. This approach was not always satisfactory because (a) under certain
conditions it resulted in unstable behavior, and (b) it did not properly reflect what physically occurs as

solids transition from the hindered settling regime to compression settling.

In PetWin 5.2, the approach for modelling settling behavior at high solids concentrations and imposing a

maximum compactability has changed. The following section discusses the new approach used at high
solids concentrations, as well as the approach that has always been used to model settling at low

concentrations.

Sludge settling velocity is modeled according to the Vesilind equation for hindered settling. The settling

velocity in a given layer is given by:

where V = maximum settling velocity (m/d), K = hindered settling parameter (m3/kg TSS), and X; =

total suspended solids (TSS) concentration (kgTSS/m3) in layer i.

(1)



A criticism of Eq. 1 is that it over-predicts settling velocities at low concentrations. Furthermore, the
standard Vesilind equation does not account for compression settling. PetWin employs switching
functions to switch off the sludge settling velocity expression at very low solids concentrations, and also
as the solids concentration approaches the maximum solids compactability in the lower layers of the
settling tank. This provides a simplified method of modeling the poorly flocculating solids in the upper
layers of the settling tank, and compression setting in the lower layers. As the solids concentration in
the upper layers approaches a user-definable concentration (the upper layer settling velocity switch),
the settling velocity approaches zero, and solids are carried upwards by the overflow stream (resulting
in solids in the settling tank effluent). As the solids concentration in the lower layers approaches the
user-definable maximum compactability, the settling velocity is quickly and smoothly reduced to zero.

The complete settling velocity equation used by PetWin is:

—KX;: Xl 1
Vsi=Voe "7t ( - - - = : — (2)
, KS + Xi 1+e Compression Settling Transition Factor-(Xpax—Xi)

Where Ks is the upper layer settling velocity switch, Xwax is the maximum compactability, and other
variables are the same as in Eq. 1.

The switching function effect at low concentrations for a given combination of settling velocity
parameters is shown in the figure below:

——Traditional Vesilind

——Modified Vesilind

SETTLING VELOCITY (m/h)
IS

0 2 4 6

SOLIDS CONCENTRATION (kg/m?)

You can increase the suspended solids concentration at which settling velocity is decreased by
increasing the Ks parameter. Varying the Ks parameter is a possible way to vary the predicted effluent
suspended solids.



The switching function effect at high concentrations in the lower layers of the settling tank for a given
combination of settling velocity parameters is shown in the figure below. Lowering the Xwax parameter is
a way to simulate poorly compressible bulking sludge.
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Usability Improvements

In addition to the new features above, a number of usability improvements have been made,
including:

e Input diffuser coverage as diffuser density, ATAD, or diffuser count. PetWin
automatically converts from one basis to another.

¥ Editing AR - 21 e

Dimensions Operation WPower ] Model 1 Monitor\temsl

Specify aeration method DO Setpaint
o« .
% (et & Constant 2t [2.0000 mall
A flow rate
" Scheduled
" Un-aerated
Diffusers Air flow rate constraints
& Bensii oo I Minimum air flow rete of
™ ATAD I Maximurn air fow rate of

" Number of diffusers

Note: Constraints only applied for dynaric simulations
Far steady state alams are generated

[~ Local temperature

Temperature

« 200

(@] é

Press F1 for help Cancel




You can choose whether or not the Notes window is displayed when you open a PetWin

file, by checking or unchecking the Automatically show notes after loading file box
under Tools > Customize > General

Users of previous versions of PetWin reported a “sluggish” behavior in PetWin files that
incorporated very large tables in the PetWin Album. This is no longer the case, so long
as the user does not set PetWin to update tables continually during simulations. The
Steady state simulation table updates and Dynamic simulation table updates
checkboxes should remain at the default unchecked state.

Y Customize
Automatic logging I
General 1 Explarer options

General settings

Recent file list 10 |3 entries

Alarm list 25

b

entries

¥ Autosave dyri

¥ Autosave [temporary fie ion *.abw °,
[¥ Pre-allocate database memary for dyni
[¥ Check for updates on exit (if connection exist

[¥ Automatically show notes after loading file

Element

Show names for :

File locations I
Printing options 1

System settings
Fieport options

I™ Suppress alarms in dynamic simulations

0 |7 days
File deleted on normal program termination.
[~ Steady state simulation table updates
[~ Dynamic simulation table updates

I Enhanced tolerances list enabled

State variable naming

 Full names " Abbreviated (1WA}

] Aerobic Digester

| Anaerobic Digester

v variable volume bioreactor
¥ Bioreactor

w| Membrane biereactor

¥ BOD Infiuent

| Methanel addition

Ideal primary setting tank A

Mndal Azrifiar b

¢ Abbreviated (cryptic)
Parameter defaults
Edit parameter defaults ...

Reset BioWin Defaults

x

I
I

Diffuser parameters are now globally applied to all bioreactors by default (although they
can still be localized if desired). There is now a Diffuser tab under Project > Parameters
> Aeration/Mass transfer... that can be used to easily set up the same diffuser
characteristics across all bioreactors from one interface.



M Parameter editor b

Aeration  Diffuser | Heny's law constants | Mass transfer | Surface aerators] Blower] Anaerobic digester | Emission factors]

Parameters

MName D efault Value |
k1inC =k1[PC)"0.25 + k2 1.2400 1.2400
k2 inC =k1[PC)I"0.25 + k2 08360 0.8360
Y inKla=CUsg ™% - Usg in [m3/m2 d]] 0.8580 0.8830
Area of one diffuzer [ma] 00410 0.0410
Diffuser mounting height [m] 0.2500 0.2500

i, air flow rate per diffuser m3/he (20C. 101.325 kPa) 0.5000 0.5000

b aw. air flove rate per diffuzer m3hr [20C, 101,325 kPa) 10,0000 10,0000

" in diffuser prezsure drop = & + BHQa/Diff) + C(Qa/Diff)"2 [kPa) 3.0000 3.0000
'B'in diffuser prezsure drop = & + BY(Qa/Diff] + C(QasDiff " 2[kParm3/ b [20C, 101,325 kP4l ] 0 i]

‘T in diffuser pressure drop = A + B{Qa/0iff) + C*(Qa/Diff)" 2[kPasm3/hr (20C, 101.325 kPa)"2] |0 i

Set example fine bubble diffusers Set example coarze bubble diffusers |

Print all Set current tab to default values ok | Cancel |

The diffuser parameters can now be quickly toggled between values representative of
fine or coarse bubble diffusers, using the “Set example fine bubble diffusers” or “Set
example coarse bubble diffusers” buttons.

PetWin has new default fine bubble diffuser parameters that are more representative of
current diffuser materials and performance.

Aerated Reactor SOTE - Current Value

SOTE (%)

AER -#1 AER -#2 AER -#3 AER -#4 AER -#5 AER -#6 AER - #7



Aerated Reactor SOTE - Dynamic

SOTE (%)

0110112 01/02H42 01/0312 0110412 01/0512 01/06112 01/07112 01/08/112 01/09112 011012 011112

—AER -#1 SOTE AER - #2 SOTE —AER -#3 SOTE —AER -#4 SOTE —AER-#5 SOTE —AER - #6 SOTE —— AER - #7 SOTE |

Right-clicking on any pattern input to PetWin (e.g. flow, RAS) now offers two options:
Copy (which copies the pattern without headings and can be used to copy a pattern
from one place to another within PetWin), and Copy all (which copies the pattern with
headings and can be used to copy a pattern from PetWin into a Word, PowerPoint, or
Excel table).

A progress bar now shows at the bottom of the simulation control box while PetWin
places numerical seed values in all flowsheet elements. This will only be readily evident
on large flowsheets with many elements.

Alarms will be generated for anion/cation limitation conditions.

Right-click menu for adding a chart contains short-cuts for adding time series and
current value series.

The gas phase is now shown for MBR mass balance windows.

Parameter temperature correction factors are now highlighted in red if they have been
changed from default values.
Improved plotting series naming for multi-layer elements (e.g. SAF).

It is now possible to display a Rates window for a SAF element.

Tighter numerical adherence to splitters with “zero” fractions and rates specified for a
stream.

Anaerobic digesters and variable volume bioreactors may now be set to “constant”
volume.

Biofilm details tables in the Aloum may now be copied to the clipboard for exporting to
Excel.

Pop-up hints have been added to clarify pipe minor loss calculations in pump flowsheet
elements.



If a CHP engine is associated with an anaerobic digester element, red text is shown in
the fly-by pane as a visual indicator.

Element HRT
Wolatile suzpended zolids
Total zuzpended zolids

Yolatile fatty acids

Total COD

Armrmonia M

Saluble FO4-P

pH

Off gas flov rate [diy] 47 45 m3dhr [field]

Off gaz Methane B3.90 =
W55 destruction 2060 %

Local temperature = 35.00°C

CHF engine operating

Improved handling of how PetWin Album tables and charts are added to the PetWin
Notes editor via the right-click “Add to notes” command. For example, tables are

200 days
43886 modL
70598 modL

124 mosfL
BE043 mgdL

1740.93 mgh /L
B57.01 magPsL
e

automatically formatted before being pasted to the Notes editor and tables with many

columns are automatically divided into smaller tables that will fit the Notes editor:

By BioWin Album -

Album  Database View

Elemerts | pH []| Volatie suspended solids [ma/L] | Total suspended solids [mg-L] | Total COD [mg/L] | Total Cabonaceous BOD [mgiL] | Ammonia N fmgh/L] | itite N [mghJL] | Niate N [mgh/L] | Total N [mgh/L] | Soluble PO4 [mgP/L] [ Total P [mgPrL]

Inflent 730 19776 22341 500,00 24580 6.0 [ [ 4000 355 650
Enodc 718 177387 22705 2697.29 694,46 1510 am 0@ 16109 690 757
therobic” R EY hrat 2025 5 256565 B21.34 ik i} 302 624 T 157
Sec Seller 6.8 1184 1539 450 535 0.3 o 1302 1557 K] T80
683 35247 435482 433432 1217.37 042 on 1302 29958 131 13895
Effuent 683 1184 1539 4503 535 0.4z on 1302 1597 13 180
@) EditTable
B2 Copy Ctke

Add to Motes F2
Print

2 Change to Element info

&
EE  Change to Chart
2
X

Delate Curert Table.




B Simulation Notes — [m] x
Notes View

2] & Paste Special & fi-. @& B B =N dd cll | B Fincoi. FH

ABZU S % = === [-|==|Aaz DM F | == | sulets andNumbering. | T

[E2| Sont. Splt Table Rotate Cell by 270 Dearess  Fotate Cell by 180 Degrees Rotate Cell by 90 Demrees Mo Cell Rotation Default Cell Vertical Aligrment Selert Cell
Select Columns Select Fows Select Table
T 2 v 3 & 1 5.t 6t 7181911011 112 ¢ 13- 1 14+ 15 116117 1 18-+ 19+ 20 + 21 22+ 123+ 1241 -25. 1 26 1 271 28"
Steady state solution

Elements pH] Volatile Total suspended Total COD [mg/L] Total Ammania N [mgN/

suspended solids  solids [mg/L] Carbonaceous L]
[mg/L] BOD [mg/L]

Influent 7.30 197.76 223.41 500.00 24580 26.40

Anoxic 7.18 1779.87 2270.59 2687.29 694.46 15.10

Aerobic 6.83 1711.30 2222 86 2562.85 621.94 0.42

Sec Settler 6.83 11.84 15.39 4503 5.35 0.42

WAS 6.83 335247 4354 62 4994 32 1217.37 0.42

Effluent 6.83 11.84 15.39 4503 5.35 0.42

Elements Mitrite N [mgN/L] Mitrate N [mgh/L] Total N [mgh/L] Soluble PO4-P [mgP/ Total P [mgP/L]

3|

Influent 0 0 40.00 325 6.50

Anoxic 0.00 0.02 161.09 6.90 71.57

Aerobic 0.11 13.02 160.24 1.31 71.57

Sec Settler 0.11 13.02 15.97 1.3 1.80

WAS 0.11 13.02 299.56 1.3 138.95

Effluent 0.11 13.02 15.97 1.3 1.80

e The software package that PetWin uses for its charting engine (TeeChart) has updated
to a new version. The functionality is similar to what it was in previous PetWin versions,
but the interface has changed somewhat.

Further details on all new features in PetWin 5.2 can be found in the Help manual.



