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Introduction 

An investigation was conducted at Eskom Megawatt Park Kitchen to determine whether the Ozone Dishware Washing System manufactured by Ozone Company can reduce the energy consumption of the normal dishwashing machine. The Ozone Dish Ware Washing System is a new technology which the manufacturer claims that it can reduce the energy consumption and improve the overall performance of the normal dishwashing machine. Since the Ozone Dish Ware Washing System is new and unknown to Eskom DSM, a decision was taken to install it on one of the dishwashing machine at Megawatt Park, to try and prove that Ozone technology can actually reduce energy consumption on dishwashing machine. This will be used as a pilot project study and if successful to be used as a platform to drive the DSM Energy Efficiency initiative in dishwashing Machines.

What is the Ozone Dishware Washing System

The Ozone Dish Ware Washing System developed by Ozone Company is a unique system which works by efficiently introducing the ozone gas, using corona discharge, into ware washing machine. The Ozone system consists of three ozonators that have been specially designed, with a 50% excess to what is required and should one fail for any reason, the balance of the units will still maintain sufficient concentrations.  Unlike the normal commercial available dishwashing machines which use hot water in washing and rinsing cycles, the ozone system uses cold water for the two cycles. The ozone system is supplied in a self contained box, complete with detergent and rinse aid dosing equipment. The Ozone manufacturers believe that the ozone technology achieve its energy saving by 
· using cold water instead of hot water and, 
· reducing the drying cycle’s thermostat

Megawatt Park Dishwashing Machine Technical and Operational Information
The dishwashing machine installed at Megawatt Park is a Vulcan machine with three cycles, namely washing, rinsing and drying. The washing cycle has an electrical heater element for generating hot water required for dishwashing. The   rinsing cycle has two electrical boilers for heating and storage of water required during rinsing. The drying cycle consists of fan and electrical heater and is the last cycle for the washing process.
The following temperature setting used for the dishwashing prior the installation of the Ozone System.

· Washing Cycle  –  55ºC
· Rinsing Cycle     - 75ºC

· Drying Cycle       - 75ºC
The dishwashing machine under test has the following power ratings:

	System 
	Voltage ( Volts )
	Power ( kW )

	3-Ø
	380 
	63


The Dishwashing Machine Operating Hours
The machine normally operates between 8:00 in the morning and 16h00 in the afternoon Monday to Friday. The machine is not used continuously for the entire period. The operation of the machine depends on the demand and mostly used during lunch time where the demand of dishes to be washed is high.
Metering Data Collection

In order to measure the consumption of the dishwashing machine before and after the installation of the Ozone Dish Ware Washing System on the dishwashing machine an ELSTER metering unit was installed. The metering data was later used to compare the consumption of the dishwashing machine with and without the Ozone System.  Three days BEFORE and AFTER Ozone System installation energy consumption data was captured by the metering unit.  In order to achieve good comparison the metering data was collected was for the same days and time for before and after. 
Pre- Ozone Dishware Washing System Data 

Table 1 below shows a three days metering kilowatt data for the dishwashing machine measured before the installation of the Ozone System.
	PRE - IMPLEMENTATION DATA ( 12 - 16 February 2004 )

	Time
	Thursday ( kW )
	Friday ( kW )
	Monday ( kW )

	12:30
	11.052
	20.329
	9.949

	12:45
	12.029
	15.408
	13.779

	13:00
	10.458
	17.306
	5.696

	13:15
	11.238
	9.885
	17.916

	13:30
	11.738
	13.948
	12.029

	13:45
	3.546
	11.168
	9.649

	14:00
	4.781
	9.438
	11.203

	Daily Average
	9.263
	13.926
	11.460


Table 1: Three Days Pre-Ozone Installation kilowatt Metering Data 

Ozone Dish Ware Washing System Installation and Dishwashing machine optimisation
The boilers and the blower have been identified as the potential areas for reducing the dishwashing energy consumption. After the installation of the Ozone System the boilers and blower thermostats were decreased from 75ºC to 0ºC and 75ºC to 40ºC respectively. The boilers were switched off, because hot water will not be required to remove the bacteria in the rinsing cycle as the corona discharge from the Ozone system will be used into ware washing machines to remove bacteria.

Post- Ozone Dishware Washing System Data 

Table 2 below shows three days metering kilowatt data for the dishwashing machine measured after the installation of the Ozone System.

	POST IMPLEMENTATION DATA ( 19 -23 February 2004 )

	Time
	Thursday ( kW )
	Friday ( kW )
	Monday ( kW )

	12:30
	3.622
	2.720
	5.315

	12:45
	6.115
	4.627
	6.250

	13:00
	3.382
	4.509
	5.178

	13:15
	4.224
	4.666
	6.176

	13:30
	2.803
	2.192
	0.806

	13:45
	1.904
	2.944
	2.323

	14:00
	0.154
	0.746
	0.150

	Daily Average
	3.172
	3.200
	3.743


Table 2: Three Days Pre-Ozone Installation kilowatt Metering Data 

Achievable Instantaneous kW Saving 

Table 3 below shows three days instantaneous kilowatt data obtain by taking the difference between the pre and post Ozone System metering data.
	INSTANTANEOUS SAVINGS

	Time
	Thursday ( kW )
	Friday ( kW )
	Monday ( kW )

	12:30
	7.430
	17.609
	4.634

	12:45
	5.914
	10.781
	7.529

	13:00
	7.076
	12.797
	0.519

	13:15
	7.014
	5.219
	11.740

	13:30
	8.935
	11.756
	11.223

	13:45
	1.642
	8.224
	7.325

	14:00
	4.627
	8.692
	11.053

	Daily Average
	6.091
	10.725
	7.717


Table 3: Achievable kilowatt saving 

SYSTEM GRAPHS 
The following three graphs for Thursday, Friday and Monday depicted below shows the kilowatt comparison of the dishwashing machine before and after the installation of the Ozone Dish Ware Washing System. The difference between the two curves is the kilowatt saving achieved by the Ozone System.
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Fig. 1. Thursday Pre and Post Ozone Installation Graphs
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Fig. 2. Friday Pre and Post Ozone Installation Graphs
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Fig. 3. Monday  Pre and Post Ozone Installation Graphs

DISCUSSION
The metering data for the dishwashing machine before the installation of the Ozone System shows a daily average kilowatt of 9,263 Thursday, 13,926 Friday and 11,460 Monday. The differences on the kilowatt daily average are as results of the dishwashing machine loading and demand. From these values it can be seen the demand for dishwashing on Thursday was high compare to the other two days which then resulted in power consumption of 13.926. The post data shows a daily kilowatt average of 3,172 Thursday, 3,200 Friday and 3,743 Monday. Again the same conditions mentioned above apply on these values.  The difference between prior and post values is the kilowatt saving achieve by the Ozone Dish Ware Washing System.  The average daily kilowatt saving achieved by the Ozone Dish Ware Washing System are as follows 6,091 Thursday, 10.725 Friday and 7.717 Monday.







