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Analysis and procedure for the energetic optimisation of pumps in water supply applications
„Pump check“

Rough check – method of calculation

[image: image11.png]m\lY

Pumpen, Turbinen und Systeme




Rough check – method of calculation
0. Constants
Definition of
· acceleration of gravity 

· density of water 

· limit value for the acceptable difference of the phase currents
· lifetime of the pumps.
1. Input: Sizing in general
1.1. Number of stages in case of high pressure pumps
1.1.1.  Single stage low pressure pump
1.1.2.  Multistage high pressure pump
1.1.2.1.  Number of stages
1.2. Information about the water supply system
1.3. Kind of pump / design
1.4. Make / manufacturer
1.5. Serial number

1.6. Sizing data (read from nameplate)

1.6.1. Flow rate of the pump:

 
Q 

[l/s]

1.6.2. Pump head: 



H 

[m]

1.6.3. Mechanical rated motor power:
 
Pn= Pmech 
[W]
=> if Pmech > 375 kW => recommend a fine check.
1.6.4. Rated motor speed


nn 

[1/min]

1.6.5. Motor efficiency at nominal load

η mot  

[-]

1.6.6. Rated motor current 


In  

[A]

1.6.7. cos φn at nominal load
 

cos φn 

[-]

1.6.8. Rated motor voltage 


Un 

[V]

1.7. Kind of pump
1.7.1.  Dry installed pump
1.7.2.  Submersible pump
1.8. Operating hours per year in [h/a]

1.9. Energy costs in [CHF/a] (overall average)

2. Measurement at running pump: duty point 
2.1. Effective flow rate 



Qeff 

[l/s]

2.2. Measured pump head
 


ΔHdyn
  
[m]

2.3. Current measurement
2.3.1. Information about blind current compensation
2.3.2. Information about frequency converter incl. set frequency in [Hz]

2.3.3. Phase currents 



Iphase (3x)  
[A]

3. General questions
3.1. Can it be seen from the motor / pump / complete system that renewal, optimization and/or reconstruction is needed?

3.2. Estimation of the repair/maintenance costs for the motor / pump / complete system)

3.3. Has the piping been changed? What have been changed?
4. Calculation of total efficiency – actual value (processing of input values)

4.1. Calculation of the hydraulic power:

Phyd = Qeff* ΔHdyn *ρ*g 
[W] 
with: 
Q 
[m3/s]



ΔHdyn 
[m]



ρ 
[kg/m3]



g 
[m/s2]
4.2. Calculation of the electrical power:

Electrical power at nominal load: 

Pelect,n = Un*In*√3*cos φn   [W]



Approximate calculation of power consumption with Tannerscher formula (see apendix „Rough ​check - Determination of the electrical power of an asynchronous motor“)


Approximate coefficient p0 = -0.3612 + 0.00251*Pn


Approximate coefficient px = 1.3644 - 0.002565* Pn 

Load ratio Lv = Pelect / Pelect,n = p0 + px * mean value (I1,I2,I3) / In
Power consumption 

Pelect = Lv * Pelect,n
4.3. Total efficiency: 

η total,measured = Phydr / Pelect
5. Calculation of total efficiency – optimal value
5.1. Number of pole pairs
ppz = round(3000/nn)

5.2. Spezific speed
nq = nn * √Qeff / H3/4 
with: 
n 



[1/min]






Qeff 



[m3/s]






H  = ΔHdyn/number of stages
[m]

5.2.1. Weighting according to impeller type: Table, which shows the maximal reachable hydraulic efficiency as a function of nq: ηhydr,max
5.2.2. Weighting according to frame size (Q): Smaller pumps have due to their construction a lower efficiency than larger pumps with the same speed (nq): fQ
5.2.3. Reduction in case of large number of stages with empiric coefficient fr
5.3. With the above mentioned influences the best possible pump efficiency can be calculated:

Ηpump, opt = ηhydr,max * fQ * fr
5.4. Optimal mechanical power:

Pmech, opt = Phyd / ηpump,opt
Best possible motor efficiency: 
ηmot,opt in formula for Pmech,opt (reference table for dry installed pumps and circulator pumps)

5.5. Best possible total efficiency:
ηtot,opt = ηpump, opt * ηmotor,opt
6. Results – Comparison of actual and optimal value
6.1. Energy efficiency (E coefficient)

E = η tot,measured / η tot,opt
(„How many % of the best possible total efficiency does the existing pump reaches at the duty point?“)

If E > 1 -> fault during data input


If E < 1 -> check is okay 


Potential for optimization = 1 – E (expressed in %)

6.2. Potential for energy savings
Actual energy
Eact = Pelect * operating hours
Optimal energy
Eopt = Phyd / η tot,opt * operating hours
Potential for energy savings = Eact - Eopt in [kWh/a]

Potential for energy savings in % related to the actual condition = Potential for energy savings / Eact
6.3. Potential savings of energy costs (EK)

Actual energy costs per year
EKact = Pelect * operating hours * energy price
Optimal energy costs per year 
EKopt = Phyd / η tot,opt * operating hours * energy price
Annual savings of energy costs = EKact - EKopt
Savings of energy costs over the lifetime of the pump = Annual savings of energy costs * lifetime
6.4. Comparison sizing – measurements
Validation of pump head:
The result of the term (H - ΔHdyn) / H must not be more than 20 %.

Validation of flow rate:

The result of the term (Q - Qeff) / Q must not be more than 20 %.

Fine check: At least one of the following conditions must be fulfilled to recommend a fine check.
· Potential for optimization (6.1) > 10 %

· Pump head: Sizing data and measurement (6.4) shows a difference > 20 %

· Flow rate: Sizing data and measurement (6.4) shows a difference > 20 %

· Motor power (1.6.3) > 375 kW
· At least one of the general questions (3) have to be answered with YES, IN THE MEDIUM TERM or HIGH. 

Caution: The whole test covers only the motor and pumps, but NOT all other system components and operating modes (system characteristic, management, ….)
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