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Introduction

In this presentation we will look into the use of Statistical Process Control in District 

Cooling Industry. Our focus today is on the use of Standard Deviation, Multiple Linear 

Regression and Harmonic Mean. We will be seeing the use of Control Charts as part of 

the Standard Deviation.

2 
These will help us meet our Supply water temperature commitments to our clients, 

monitor the performance of Flow Control Valves and help in limiting the flow rate to 

our customers with in the Contractual flow.



Why ?

1 
Need for newer Key Performance Indicators in District Cooling

While Kw/Ton and Gal/Ton are good performance measures we need to have one for 

Plant Supply Temperature compliance and ETS Flow Control Valve Compliance

2 
Use of Statistical Process Control

Measures such as Standard deviation is good enough when it comes to provide 

a measure for deviations.

3 
What is Standard Deviation ?

4 
How Standard Deviation is used ?

We use SD to find out the deviation of the Process Values Such as ‘Plant 

Supply Temperature’, ‘ETS Return water Temperature’ against the set points

The standard deviation is a statistic that measures the dispersion of a dataset 

relative to its mean and is calculated as the square root of the variance.

What ?

How ?



Plant Supply Temperature

Case Study – BBET Plant

For the purpose of 

understanding we have taken 

the supply temperatures of our 

BBET plant for 7 days at 3 

minutes interval. The Standard 

Deviation calculation was done 

and a Control Chart was 

constructed to see whether the 

process is in Control or not 



* 40.1⁰F is the Set point – Commitment to the Customer



Where ‘n’ the number of Samples = 3361

Though       is mean, we use Set Point 40.1⁰F since 
we wanted to find deviations from Set point

1550

0.4613

0.6791



A Standard deviation has got ‘unit of measurement’ which is same as that 

of sample data. In this case it ⁰F.

So a Standard Deviation of 0.6791⁰F means we supply Chilled water to our 
customer at 40.1⁰F ± 0.67⁰F which is well within our commitment of 
( 40.1⁰F ± 1.8⁰F ) to our customer.

So now we have a quantitative measure that we can share with our 
Customers to prove our commitments.



The control chart is a graph used to study how a process changes over 

time. Data are plotted in time order. A control chart always has a central 

line for the average (Set point), an upper line for the upper control limit 

(3σ) and a lower line for the lower control limit (-3σ). These lines are 

determined from historical data.





Now with the sample data and calculated Standard 

Deviation let us plot the Control Chart

* It is important to note here that the Center Line is 

not the mean but the ‘Set Point’ which is 40.1⁰F



ETS HEX Valve Performance

Case Study

For the purpose of 

understanding we have taken 

the Return temperatures of one 

of the HEX in an ETS in our 

BBET Network for a day at 3 

minutes interval. The Standard 

Deviation calculation was done 

and a Control Chart was 

constructed to see whether the 

process is in Control or not 



* 55.9⁰F is the Set point



Where ‘n’ the number of Samples = 481

Though       is mean, we use Set Point 55.9⁰F since 
we wanted to find deviations from Set point

208.300

0.433958813

0.658755503





Now with the sample data and calculated Standard 

Deviation let us plot the Control Chart

* It is important to note here that the Center Line is 

not the mean but the ‘Set Point’ which is 55.9⁰F



Multi Variable Linear Regression

What is Multi Variable Linear Regression?

Multiple Regression is one form of predictive analysis which explains the relationship 

between one continuous dependent variable with two or more independent variables

How is it used ?

ETS Return Header Temperature can be predicted using other independent 

variables such as flow, Valve opening and Secondary side temperatures –

Based on the model generated using the historical data



Dependent Variable

10 Days data of a 2 HEX ETS used for arriving Regression Analysis

(16th November – 25th November)



Output of the Model – Generated in Excel

Very good linear relationship



The results when the model applied for 26th November and 27th November is as follows…

As you can see the predicted value is almost same as actual value



What is Harmonic Mean?

By Definition Harmonic Mean is the reciprocal of the Arithmetic Mean of the 

reciprocals of the given set of observations 

How is it used ?

This is used for reducing the impact of the spikes in the flow rate values while 

monitoring them for restricting flow below contractual values

Harmonic Mean

Example :

Arithmetic mean for (1,3,4,8) is 4

Harmonic Mean is                         = 2.34



Thank you
Any Questions ?


