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ABSTRACT 

Activated sludge simulation packages are useful tools, but it can be dangerous to rely on them if 
they are used incorrectly. How dangerous? To determine potential pitfalls, we compared the 
activated sludge tank volumes predicted by three simulation packages used directly out-of-the-
box without calibration. We sought to identify the underlying reason for differences in predicted 
required volumes.  

We analyzed a simple activated sludge plant to determine the relative volumes required to 
achieve effluent total ammonia of 1 milligram per liter (mg/L) identify abbreviations. The 
programs show substantial variation in projected plant performance. Plant designs based on the 
simulation programs would thus differ substantially. This paper shows how plant designs would 
vary by analyzing solids retention time (SRT), effluent ammonia, apparent yield, and relative 
volumes.  

We completed an extensive evaluation of the kinetic and stoichiometric parameters in each of the 
models. However, once these parameters were set to the same values, we continued to find 
variation in the projected plant performance.  
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INTRODUCTION  

Simulation packages for activated sludge modeling are used for a range of purposes, including 
option screening, process sizing, detailed design, plant optimization, and process control. 
Because of limited data, time, and budget, these simulation programs are often used without 
adequate influent wastewater characterization (i.e., definition of influent chemical oxygen 
demand and nitrogen fractions) and/or model calibration (i.e., adjusting kinetic and 
stoichiometric parameters within the model to achieve the same effluent quality of the actual 
plant).  

We examined the differences in process sizes predicted by three uncalibrated simulation 
programs. We hypothesized that the differences in results from uncalibrated simulations are due 
to one or more of the following:  

1. Differences in the default values for distribution of biochemical oxygen demand (BOD) 
into chemical oxygen demand (COD) and nitrogenous fractions in wastewater influent, 
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2. Differences in the default values for the kinetic and stoichiometric parameters used in 
biological growth and chemical equilibrium equations, and 

3. Differences in the inherent model structure, that is, the equations used to describe 
biological growth and chemical equilibrium. 

While the first two items can be changed by the user, the third item is inherent to the activated 
sludge model selected for the simulation and—once a given model in a given simulation package 
is selected—cannot be altered.  

METHODOLOGY  

We used three simulation programs (BioWin, GPS-X, and Plan-It STOAT) and a total of five 
activated sludge models (AS/AD, Mantis, ASM1, ASM2, and ASM3) to predict process sizing 
for a nitrification system without primary treatment. The general schematic used in each 
simulation is shown in Figure 1.  

Figure 1. Schematic of nitrification without primary treatment 
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The default BioWin model (AS/AD) was used, while the Mantis model was used for GPS-X.  
ASM 1, ASM 2, and ASM 3 were all used for Plan-it STOAT and BioWin, with one additional 
run using ASM1 in GPS-X. A discussion of ASM 1, ASM 2, and ASM 3 is available in Henze et 
al. (2000). Information on BioWin AS/AD and the GPS-X Mantis model are included in the 
software help files.  

We chose this simplified wastewater treatment process to evaluate the differences in the models 
and simulation packages at the most basic level. In this investigation, we considered the 
differences in the effluent ammonia from this nitrification process. Because the study focused on 
the fate of ammonia, ideal clarifiers with zero effluent suspended solids were selected for the 
secondary clarifier models. No factor of safety was used during the simulations. Table 1 shows 
process assumptions used in the simulation models. 

Table 1.  Process Assumptions  

Feature Value 
Dissolved oxygen concentration in aeration tanks 2 mg/L 
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Feature Value 
Return ratio 50% 
Removal of suspended solids in secondary clarifiers 100% 
 
We compared the results from the simulation programs and activated sludge models under four 
scenarios, as shown in Table 2.  

Table 2.  Simulation Scenarios  

Scenario 

COD and Nitrogen 
Fractions in 
Wastewater 

Influent 

Kinetic and 
Stoichiometric 

Parameters 
Purpose 

1 Default Default Evaluate differences predicted in process sizing 
using all defaults, using the BOD influent model. 

2 Set values Default 
Isolate the relative importance of values for 
kinetic and stoichiometric parameters, specified 
using the COD influent model 

3 Default Set values 
Isolate the relative importance of influent COD 
and nitrogen fractions using the BOD influent 
model 

4 Set values Set values 
Isolate the inherent differences in the structures 
of the various activated sludge model using the 
COD influent model 

 
We would expect that scenario 1, using completely uncalibrated models, would give the greatest 
difference in model output. Conversely, we would expect that scenario 4, where all parameters 
are set, the model output would be the closest or the same. This is because, in scenario 4, we are 
setting every variable to be the same in each different model.  

Influent and process constituents for all scenarios are listed in Table 3. These values were chosen 
as typical influent data and were used in the BOD influent models. BOD influent models were 
used in Scenario 1 and 3 with default COD and nitrogen fractions. 

Table 3.  Simulation influent and process constituents 

Constituent Value 
Influent flow 10,000 m3/d 
Influent biochemical oxygen demand 200 mg/L 
Influent soluble biochemical oxygen demand 100 mg/L 
Influent total suspended solid 240 mg/L 
Influent volatile suspended solids 180 mg/L 
Influent ammonia nitrogen 24 mg/L 
Influent total Kjeldahl nitrogen 40 mg/L 
Influent pH  7.3 
Influent temperature 15°C 
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For the simulations, the programs first convert the input BOD and nitrogen components into the 
COD and nitrogen fractions. Table 4 shows the COD and nitrogen fractions developed in the 
computer simulations. The table shows considerable differences in the totals and fractions of the 
parameters. 

Table 4.  Default COD Fractions Used by Simulation Programs in Scenarios 1 and 3 

Wastewater Fractions (mg/L) BioWin GPS-X Plan-it STOAT
COD
   Degradable soluble 68 91 147
   Inert soluble 21 30 16
   Degradable particulate 234 212 147
   Inert particulate 54 184 16
   Total 417 517 326
Organic nitrogen
   Degradable soluble 6 1.6 8
   Inert soluble 0.8 0 0
   Degradable particulate 6 1.9 8
   Inert particulate 0.8 0 0
   Total 14 3.5 16

 
Note: Based on 200 mg/L BOD.  

For scenarios 2 and 4, COD influent models were used. The values used for COD and 
nitrogenous fractions are listed in Table 5.  

Table 5.  COD and nitrogen fractions used for set values for Scenarios 2 and 4 

COD Parameter Value (mg/L)  Nitrogen Parameter Value (mg/L) 
Degradable soluble  100 TKN 40 
Inert soluble COD  25 Ammonia 24 
Degradable particulate  200 Degradable soluble organic 8 
Inert particulate COD  100 Inert soluble organic 0 
Total 425 Degradable particulate organic 8 

  Inert particulate organic 0 

Analysis of Kinetic and Stoichiometric Parameters 

As mentioned above, the default kinetic and stoichiometric parameters for each model and 
simulation program were used for scenarios 1 and 2. Work done by Melcer et al. (2003) and 
Weijers and Vanrolleghem (1997) with ASM1 demonstrated that the model output is most 
sensitive to changes in the following parameters: 

 YH – heterotrophic yield coefficient 

 μH – maximum specific growth rate of heterotrophs  

 bH – decay coefficient for heterotrophic biomass  
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 YA – autotrophic yield coefficient 

 μA – maximum specific growth rate of nitrifiers  

 KNH – ammonia half-saturation coefficient 

 bA – decay coefficient for autotrophic biomass  

 kh – maximum specific hydrolysis rate 

 Kh – hydrolysis half-saturation coefficient 

 Ka – ammonification rate 

Although this list was derived from work with ASM1, it is expected that ASM2, ASM3, Mantis, 
and BioWin AS/AD would also be sensitive to these parameters despite the fact that some 
processes (e.g., heterotrophic and autotrophic decay) are treated very differently in the different 
models.  

With the development of additional models since ASM1 was created, an extensive list of kinetic 
and stoichiometric parameters has been produced. This discussion includes a partial listing of 
parameters in BioWin AS/AD, GPS-X/Mantis, and ASM1, 2, and 3.  

In many cases, the kinetic and stoichiometric parameters available in the activated sludge models 
were different depending on the model used. For example, the ASM2d model has parameters for 
phosphorus removal that are not available in ASM1. For this discussion, the parameters 
presented are those parameters common to most models.  

The kinetic and stoichiometric parameters are listed in the Tables 6, 7, and 8. Each table displays 
the common name for the parameter, units, and the default values in BioWin AS/AD, GPS-
X/Mantis, and ASM 1, 2, and 3. For BioWin and GPS-X, the description shows the location of 
the parameter and specific name, with arrows showing the location within the multiple menus in 
the simulation programs. The symbol is listed for the ASM models as well as GPS-X. The set 
value for each parameter is listed as well, which are the values used in scenarios 3 and 4. 

Table 6 shows the stoichiometric parameters for heterotrophic and autotrophic biomass. This 
table includes the yield coefficients that were shown as important in the Melcer et al. (2003) and 
Weijers and Vanrolleghem (1997) work. 

Table 7 shows the kinetic parameters for hetrotrophic biomass, autotrophic biomass, hydrolysis, 
and ammonification. Key parameters in this table include maximum specific-growth rates, decay 
rates, and hydrolysis half-saturation coefficient. 
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Table 6. Stoichiometric Parameters 
 

D escript io n D efault D escriptio n Symbo l D efault Symbo l D efault Symbo l D efault Symbo l D efault

Stoichiometric
Heterotrophic Biomass

Aerobic yield g COD/g COD Heterotroph> Yield 
(aerobic) 

0.666 Model Stoichiometry> 
Heterotrophic yield

yh 0.666 yh 0.666 yh 0.63 yho2 0.63 0.65

Anoxic yield g COD/g COD Heterotroph> Yield 
(anoxic) 

0.54 - - - - - - - yhno 0.54 0.65

Endogenous fraction g COD/g COD
Heterotroph> Endogenous 
Residue 0.08

Model Stoichiometry> 
Heterotrophic 
endogenous fraction

fuh 0.08 fu 0.08 - - - - 0.08

COD:VSS ratio g COD/g VSS
Heterotroph> COD:VSS 
ratio 1.42

Composite Variable 
Stoichiometry> 
XCOD/VSS

icv 1.48 fcv 1.48 - - - - 1.45

Autotrophic biomass

YA - autotrophic yield g COD/g N Autotroph> Yield 0.24 Model Stoichiometry> 
Autotrophic yield

ya 0.15 ya 0.24 ya 0.24 ya 0.24 0.24

Autotrophic endogenous 
fraction g COD/g COD

Autotroph> Fraction to 
endogenous residue 0.08

Model Stoichiometry> 
Autotrophic endogenous 
fraction

fua 0.08 fu 0.08 - - - - 0.08

COD:VSS ratio g COD/g VSS COD:VSS ratio 1.42
Composite Variable 
Stoichiometry> 
XCOD/VSS

icv 1.48 fcv 1.48 - - - - 1.45

Parameters Units
BioWin GPS-X/M antis

Set 
Value*

ASM  1 ASM  2 ASM  3
ASM  M odels

 
*Values used in Scenarios 3 and 4 
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Table 7. Kinetic Parameters 
 

D escript io n D efault D escriptio n Symbo l D efault Symbo l D efault Symbo l D efault Symbo l D efault

Kinetic
Hetertrophic biomass

μH - heterotrophic maximum 
specific grow th rate

1/d Heterotroph> Max. spec. 
grow th rate

3.2

Kinetic> Active 
Heterotrophic Biomass> 
Heterotrophic maximum 
specific grow th rate

muh 3.2 muh 6.0 muh 6.0 muh 2 4

ηg - anoxic grow th factor or 
correction factor for μH

-
Heterotroph> Anoxic 
grow th factor 0.5

Kinetic> Active 
Heterotrophic Biomass> 
Anoxic grow th factor

etag 1 etag 0.8 - - - - 0.8

bH - decay rate 1/d
Heterotroph> Aerobic 
decay 0.62

Kinetic> Active 
Heterotrophic Biomass> 
Heterotrophic decay rate

bh 0.62 bh 0.63 bh 0.4 - - 0.6

Autotrophic Biomass

μA - autotrophic maximum 
specific grow th rate

1/d Autotroph> Max. spec. 
grow th rate

0.9

Kinetic> Active 
Autotrophic Biomass> 
Autotrophic maximum 
specific grow th rate

mua 0.75 mua 0.84 muaut 1 mua 1.07 0.9

bA - autotrophic decay rate 1/d
Autotroph> Aerobic 
decay rate 0.17

Kinetic> Active 
Autotrophic Biomass> 
Autotrophic decay rate

ba 0.04 ba 0.04 baut 0.15 - - 0.17

anoxic/anaerobic decay rate 1/d
Autotroph> 
Anoxic/anaerobic decay 
rate

0.08 - - - - - - - - - 0.08

CO2 half saturation 
coeff icient

mmol/L Autotroph> CO2 half sat. 
for autotrophs

0.01 - - - - - - - - - 0.01

Hydrolysis

kh - maximum specif ic 
hydrolysis rate 1/d 2.1

Kinetic> Hydrolysis> 
Maximum specif ic 
hydrolysis rate

kh 2.81 kh 3.0 kh 3 kh 3 2.8

Kh - slow ly biodegradable 
substrate half saturation 
coef.

g COD/g COD 0.06

Kinetic> Hydrolysis> 
Slow ly biodegradable 
substrate half saturation 
coeff icient

kx 0.15 kx 0.03 kx 0.1 kx 1 0.15

anoxic hydrolysis factor - Heterotroph> Anoxic 
hydrolysis factor

0.28 Kinetic> Hydrolysis> 
Anoxic hydrolysis factor

etah 0.37 etah 0.4 - - - - 0.33

Ammonif ication

Ka - ammonif ication rate L/(mg N-d)(4) Heterotroph> 
Ammonif ication rate

0.04 Kinetic> Ammonification> 
Ammonif ication rate

ka 0.016 ka 0.08 - - - - 0.04

Parameters Units
BioWin GPS-X/M antis

Set 
Value*

ASM  1 ASM  2 ASM  3
ASM  M odels

 
*Values used in Scenarios 3 and 4 
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Table 8 shows the switching functions and half saturation coefficients for dissolved oxygen and 
nitrogen. These values are critical to the output of the models because they are used to increase 
or decrease kinetic rates. For example, the autotroph oxygen half saturation coefficient (KOA) 
governs nitrification. This value is used in a function DO/(KOA+DO). As the dissolved oxygen 
concentration decreases to approach the value of KOA, the function decreases and, in turn, 
decreases the nitrification. The following is a listing of three key switching functions. 

 KOH - aerobic oxygen half-saturation coefficient. This coefficient governs carbon removal 
and biological phosphorus removal, as well as denitrification in the ASM models. It is called 
the heterotrophic DO limit in BioWin. In BioWin, default KOH = 0.05 mg/L and in GPS-X 
and ASM models, KOH = 0.2 mg/L.  

 KOA - autotroph oxygen half saturation coefficient. This coefficient governs nitrification and 
is called the autotrophic DO limit in BioWin. In BioWin, KOA = 0.25 mg/L, in GPS-X KOA = 
0.2 mg/L, and, in the ASM models, KOA ranges from 0.4 mg/L to 0.5 mg/L.  

 KAD - anoxic oxygen half saturation coefficient. This governs denitrification and is called the 
aerobic denit. DO limit in BioWin. In BioWin, KAD = 0.05 mg/L and in GPS-X and ASM 
models, KAD = 0.2 mg/L. 

In scenario 4, KOH, KOA, and KAD were all set to 0.2 mg/L. 

RESULTS AND DISCUSSION 

Table 9 summarizes the typical design parameters (solids retention time (SRT), and apparent 
yield) that the model/simulation packages predict are needed to achieve effluent ammonia of 1 
mg/L. The process sizes predicted by the simulations—that is, the volume of aeration tanks—are 
a function of SRT and apparent yield and are shown in Figure 2. Note that the volumes in Figure 
2 are relative, with the aeration volume predicted by BioWin normalized to 1.   

Figure 2 shows the relative volumes of the aeration tanks for all models and scenarios. The 
volume of aeration tanks is a function of the product of SRT and apparent yield. Relative 
volumes are shown with BioWin normalized to 1.   

As expected, the different simulation packages predict different aeration volumes under scenario 
1 (default influent fractions and default kinetic parameters). 

Under scenario 2, the variation in predicted tank volumes is less, suggesting that the COD and 
nitrogen fractionation in the wastewater influent has an important impact on process sizing.   

Under scenario 3, the differences in aeration volume continue to decrease relative to scenario 1, 
although the results are similar to scenario 2. This suggests that an understanding of the influent 
wastewater fractions is important, but similarly important is an understanding of the kinetic and 
stoichiometric coefficients. 

Surprisingly, under scenario 4 we continue to see substantial differences in the relative volume 
of aeration tanks, even with set values for both influent fractions and kinetic parameters.  
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Table 8. Switching Functions and Half Saturation Coefficients 
 

D escript io n D efault D escriptio n Symbo l D efault Symbo l D efault Symbo l D efault Symbo l D efault

Switching Functions and Half Saturation Coefficients
KOH - aerobic oxygen half-
saturation coeff icient, governs 
carbon removal and bio-P 
(sometimes denitrif ication)

mgO2/L Sw itching Functions> 
Heterotrophic DO limit 

0.05

Kinetic> Active 
Heterotrophic Biomass> 
Aerobic oxygen half 
saturation coeff icient

KOH 0.2 KOH 0.2 ko 0.2 ko 0.2 0.2

KOA - autotroph oxygen half 
saturation coeff icient, governs 
nitrif ication

mgO2/L Sw itching Functions> 
Autotrophic DO limit 

0.25

Kinetic> Active 
Autotrophic Biomass> 
Oxygen half saturation 
coeff icient

KOA 0.2 KOA 0.4 koa 0.5 kao 0.5 0.2

KAD - anoxic oxygen half 
saturation coeff icient, governs 
denitrif ication

mgO2/L Sw itching Functions> 
Aerobic denit. DO limit 

0.05

Kinetic> Active 
Heterotrophic Biomass> 
Anoxic oxygen half 
saturation coeff icient

KAD 0.2 uses KOH - uses KO - uses KO - 0.2

KNA - ammonia (as substrate) 
half saturation coeff icient - 
autotrophs

mgN/L
Autotroph> Substrate 
(NH4) half sat. 0.7

Kinetic> Active 
Autotrophic Biomass> 
Ammonia (as substrate) 
half saturation coeff icient

kna 1 kna 1 1 kanh 1 0.7

KNH - ammonia (as nutrient) half 
saturation coeff icient - 
heterotrophs

mgN/L
Sw itching Functions> 
NH3 nutrient limit 0.005

Kinetic> Active 
Heterotrophic Biomass> 
Ammonia (as nutrient) 
half saturation coeff icient

knh 0.05 - - knh 0.05 knh 0.01 0.05

KNO - nitrate half saturation 
coefficient

mgN/L Sw itching Functions> 
NO3 nutrient limit 

0.005

Kinetic> Active 
Heterotrophic Biomass> 
Nitrate half saturation 
coeff icient

kno 1 kno 0.5 kno 0.5 kno 0.5 1

KSH - substrate half saturation 
coefficient - heterotrophs mgCOD/L

Autotroph> Substrate half 
sat. 5

Kinetic> Active 
Heterotrophic Biomass> 
Readily biodegradable 
substrate half saturation 
coeff icient

ksh 5 ksh 20 5

half-velocity coeff. for alkalinity 
for aut.

mmol/L - - - - kalka 0.5 kahco 0.5 0.5

Parameters Units
BioWin GPS-X/M antis

Set 
Value*

ASM  1 ASM  2 ASM  3
ASM  M odels

 
*Values used in Scenarios 3 and 4 
 

3298

W
EFT

EC
®.06

C
opyright     2006 W

ater Environm
ent Foundation. A

ll R
ights R

eserved
©



  

Table 9.  Design parameters requires to achieve effluent ammonia of 1 mg/L 

GPS-X
ASM 1 ASM 2 ASM 3 ASM 1 ASM 1 ASM 2 ASM 3

Scenario 1 - All defaults
   SRT (days) 5.6 3.4 4.0 3.8 7.0 6.1 8.3 7.3 6.2
   Apparent yield (kg TSS/kg BOD) 0.97 0.97 0.98 0.92 1.30 1.37 0.75 1.10 1.10

Scenario 2 - Set values for influent fractions, default kinetic parameters
   SRT (days) 5.7 3.4 4.0 3.8 6.8 6.1 9.3 8.2 7.6
   Apparent yield (kg TSS/kg BOD) 0.98 0.94 0.96 0.89 1.08 1.14 0.90 0.92 0.87

Scenario 3 - Default influent fractions, set values for kinetic parameters
   SRT (days) 5.1 3.2 4.2 4.2 4.5 4.3 2.9 3.1 2.5
   Apparent yield (kg TSS/kg BOD) 0.99 0.97 0.94 0.86 1.39 0.70 0.83 1.30 1.20

Scenario 4 - Set values for influent fractions and kinetic parameters
   SRT (days) 5.1 3.2 4.2 4.2 4.5 4.3 2.9 3.1 2.5
   Apparent yield (kg TSS/kg BOD) 1.15 1.10 1.08 1.00 1.21 1.15 1.10 1.00 1.00

Plan-it STOATBioWinDesign Parameter BioWin 
AS/AD

GPS-X 
Mantis

 

Figure 2.  Relative volume of aeration tanks for each scenario to achieve effluent ammonia 
of 1 mg/L, normalized to the BioWin model 
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One possible consideration for the differences in scenario 4 is the solids in the aeration tank. 
There are four main components to the MLSS in an aeration tank. These are: 

 Heterotrophs 

 Endogenous decay products 

 Particulate inert organics 

 Particulate inorganics 

Figure 3 shows the concentrations of each of these components, along with MLSS concentration, 
for BioWin AS/AD, GPS-X Mantis, BioWin ASM1, and GPS-X ASM1 models. These 
components are taken from runs of Scenario 4 with an SRT of 5 days. 

Figure 3.  MLSS concentration, MLSS components, and effluent ammonia in aeration 
tanks for Scenario 4 at an SRT of 5 days 
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While there are slight variations in the MLSS and solids components in the aeration tank, there is 
not one particular item that stands out as the reason we are still seeing differences in plant 
performance. The most notable difference is that the BioWin ASM1 model has the lowest MLSS 
concentration, along with the smallest concentration of heterotrophs, endogenous decay 
products. This model also has the lowest effluent ammonia.  
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Because the differences in predicted effluent quality for a given SRT—and therefore required 
aeration volume—cannot entirely be explained by different influent wastewater fractions or 
stoichiometric and kinetic parameters, it is likely that differences in simulation predictions are 
also a result of different underlying model structures.  

To look at the underlying model structures, we plotted the volume of aeration tanks again as a 
function of the product of SRT and apparent yield. However, instead of normalizing each 
simulation to the BioWin run of the particular scenario, we normalized each scenario to the first 
scenario relative to the model run. For example, the BioWin run from Scenarios 2, 3, and 4 were 
all normalized to the BioWin run from Scenario 1. The results are shown in Figure 4. 

Figure 4.  Relative volume of aeration tanks for each scenario to achieve effluent ammonia 
of 1 mg/L, normalized to Scenario 1 
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This finding shows that each model, regardless of influent wastewater fractions or kinetic and 
stoichiometric parameters, is close to the same relative volume in BioWin. Both GPS-X and 
Plan-it STOAT show a larger change in volume as parameters are set to different values.  
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For a final analysis, we plotted the relative aeration volume for only the ASM1 models. This is to 
show how close the different simulation applications are at implementing the ASM1 model. In 
this case, the BioWin ASM1 model is normalized to 1. The results are shown in Figure 5. 

Figure 5.  Relative volume of aeration tanks for each scenario to achieve effluent ammonia 
of 1 mg/L, normalized to the BioWin ASM1 model 
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Again, the findings show differences in the relative aeration volume when using ASM1 with the 
three simulation programs. The differences are clearly less when the parameters are set to the 
same values. However, the default influent fractions provide closer results when comparing 
BioWin and Plan-it STOAT with GPS-X. Set influent fractions and parameters provide closer 
results when comparing BioWin with Plan-it STOAT. 

CONCLUSION 

Depending on the level of calibration and model selection, an aeration tank volume sizing could 
be more than two times what another model scenario predicts. This paper is not written to show 
which selection is correct, but shows the potential dangers using these models and steps to 
mitigate these dangers.  

Our findings show that even with set values for influent wastewater fractions and kinetic and 
stoichiometric parameters, the models still predict different results. Although the differences are 
less than when using default values, there is still cause for concern when using these models for 
engineering work. The problem is particularly a concern when designing a new plant or 
analyzing a plant where data may be unavailable. 

Caution should be taken when using the simulation applications and models. Users need a firm 
understanding of the underlying model structure and the significance of changing default 
parameters. Users should also take into account practical experience with designing and 
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operating treatment plants. An extensive sensitivity analysis is recommended and potentially the 
use of more than one model for the same conditions to compare results.  
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