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Abstract

Air at 6 to 7 bar g is supplied from 4 nos. centrifugal compressors of 10,000 Nm3/h capacity each, two nos. centrifugal Compressors of 9500 Nm3/h each, one centrifugal compressor of 5900 Nm3/h.

It was decided to look at the supply side management, whether the variations in air demand over time could be matched with a variable output compressor, run with a variable speed drive, in order to save power.

The Low Pressure(L P )Air requirement was recorded every hour, over a period of about one month. The air consumption of the nitrogen plants was subtracted from the total flow; this gave the hourly complex demand of LP air.

A typical day with high variation (20 Mar 03) was analyzed for maximum, minimum flow and it was matched with the actual power and air output of compressors in service. The variation of flow and header pressure was recorded. Similarly, a typical normal day (29 Mar 2003) was also analyzed in the same manner. 

The demand variation curves show a ‘fixed’ load and a ‘variable’ load above that. We matched the ‘fixed’ load with the base load, to determine how the base load may be met using the existing compressors. 

The ‘variable’ part of the demand was met using a Variable Speed driven Screw Compressor, which requires a fixed specific power to volumetric output ratio. Hence, instead of meeting both the fixed and variable demand using fixed output machines; we addressed them individually with different machines, thus avoiding wasteful excess generation.

After the installation of the Variable Speed Screw Compressor, comparing Sep 2003-Aug 2004 figures (before the compressor was installed) against Oct 2004-June2005 (after installation), average power for generating LP air were 5580 kW and 4892 kW respectively, a saving of 688 kW. This translated to a saving of Rs 2.46 crores/annum. 

Since the project cost was Rs. 1.36 crores, the simple payback on this basis came to about 7 months.

1. Introduction 
The Patalganga Complex of Reliance Industries Limited (RIL) has manufacturing facilities for Polyester Staple Fibre (PSF), Partially oriented yarn (POY), purified terephthalic acid (PTA), paraxylene (PX) and linear alkyl benzene (LAB). RIL being a responsible corporate citizen, all its manufacturing sites constantly strive towards sustainability.

The complex produces Utilities and Power required to operate the Plants. Power is generated through a Captive Power Plant, which also produces steam. The complex requires about 60 MW of power.  Air compressors used for various applications in the complex were observed to be the largest power consuming utility, consuming 7% of the total Patalganga Complex energy demand. Hence, it was decided to critically look at energy savings opportunities in the LP Air system first. This effort also aligned us with the Corporate policy of energy conservation and sustainability.

On being approached by manufacturers of air compressors with available models fitted with Variable Frequency Drives, we looked at our usage pattern to find the suitability of these machines in our system and benefits we could extract.

2. System Description
2.1  L P Air

Air at 6 to 7 bar was supplied from 4 nos.  centrifugal compressors of 10,000 Nm3/h capacity each, two nos. centrifugal Compressors of 9500 Nm3/h each and one  centrifugal compressor of 5900 Nm3/h .

LP air is supplied to the entire PG complex and is also used for:

a) Producing Instrument Air 

b) Producing Nitrogen.

c) Intermingling polyester filaments

d) Holding die assemblies in place in spinning area

e) Conveying polyester chips














Figure 1: Compressed Air System

Table 1 : Capacities of Compressors
	Sr. No.
	Name of Compressor
	Capacity Nm3/hr

	1
	LP A
	10000

	2
	LP B
	10000

	3
	LP C
	10000

	4
	LP D
	10000

	5
	LP E
	5900

	7
	LP G
	9500

	8
	LP H
	9500

	9
	Proposed LP -I
	8400 max


3.  Approach
The L P Air requirement was recorded every hour, over a period of about one month. The requirement of the nitrogen plants was subtracted from the total flow; this gave the hourly complex demand of LP air.

A typical day with high variation day variation (20th Mar 03) was analysed for maximum, minimum flow and it was matched with the actual power and air output of compressors in service. The variation of flow and header pressure is shown in Figure-2. Similarly, a typical normal variation day (29th Mar 2003) was also analysed in the same manner. The pressure and flow variations are shown in Figure-3
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Figure-2: Compressed Air Pressure and Demand Variation on a Typical High Variation Day
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Figure-3: Compressed Air Pressure and Demand Variation on a Typical Day

The demand variation curves show a ‘fixed’ load and a ‘variable’ load above that We may match the ‘fixed’ load with the base load, to determine how the base load may be met using the existing compressors. 

The ‘variable’ part of the demand may now be met using a Variable Speed driven Screw Compressor, which requires a fixed specific power to volumetric output ratio. Hence, instead of meeting both the fixed and variable demand using fixed output machines; we may address them individually with different machines, thus avoiding wasteful excess generation.

4.  Discussions & Calculations
On the ‘high variation’ day ie 20/03/03, we get a minimum flow of 31150 Nm3/h (Figure-2).If we draw a straight horizontal line here, we may say that above this line is the variable requirement and below it is the ‘fixed’ requirement.  By graphical integration, we get 747,600 Nm3 fixed & 44,000 Nm3 variable requirement (total 791,600 Nm3) for the day. 

The maximum demand was 35,807 Nm3/h and the minimum 31,150 Nm3/h.

When we look at the compressors run, we see that on this day an average of 4 large compressors (design capacity 10,000 Nm3/h each) were operating. The average demand was 33000 Nm3/h .

Currently, the power used for 4 large centrifugal compressors over 24 hours would be 

(4 X 1086 X 24)  = 104,256 kWh

To meet the fixed demand, the closest we can get is by running three large machines to give 27000 Nm3/h. At the time of maximum demand, the extra air required would be (35807 – 27000) Nm3/h, or 8807 Nm3/h. Similarly, the minimum extra demand would be 4150 Nm3/h. The chosen  VSD compressor would suit both, as it can run between 3312 and 8856 Nm3/h when it takes suction from 1 atmosphere, 40 (C. The most suitable compressor found to meet this requirement was the stationary, oil free, electric motor driven, two-stage Screw Air Compressor , capable of sleeplessly varying the free air delivery from 3312 Nm3/h 8856 Nm3/h at a normal working pressure of 7.0 kg/cm2(g), which is coupled to a 935 KW TEFC motor along with integrated frequency converter and micro processor based  monitoring & control system. The cost of this unit was estimated at  about Rs. 1.6 crores.

In this case, power used for the three large machines would be 3 X 1086 X 24 kWh / day= 78,192 kWh/ day

The Screw Compressor takes 0.108 kW/ Nm3/h
These machines require to supply [791,600 – (27,000 X 24)] Nm3/ day

= 143,600 Nm3/day

Hence power required by proposed Screw Compressor = 143,600 X 0.108 kWh  = 15,509 kWh

Therefore total power if one Screw Compressor is used, along with three large fixed speed centrifugal compressors = 78,192 + 15,509 kwh   = 93,701 kWh

Hence power saved = (104,256 – 93,701) kWh = 10,555 kWh/ day

Similarly, for a typical normal variation day, 29/03/03 (Figure-3) the variable load is 38,800 Nm3 and fixed load is 735,024 Nm3 (total 773,824 Nm3/ day)

On a similar operating philosophy, ie. With three large machines taking the base load and one Variable speed Screw Compressor is to take care of the rest, 125,824 Nm3/day needs to come from the screw compressor.

The power consumed works out to 89,184 kWh /day

Actually, on that day 4 large compressors were on for non-nitrogen duty. Hence, the consumption was 100,800 kWh.

Therefore the savings would have been 11,616 kWh/day

Of the 38 days’ data taken, LP air demand variation pattern was similar to that on 20/03/03 for 3 days and similar to 29/03/03 for 35 days. Hence, the weighted average power savings work out to 14,715 kWh/day.

At Rs. 2.63 / kWh, the annual savings thus work out to Rs. 1.28 crores

Apart from this saving, the reduction of air discharge pressure (which can be done after good control is achieved owing to installation of pressure controlled VFD screw compressor) from 6.6 kg/ cm2 g to 6.0 kg/ cm2 g has been estimated to reduce power input by another 9.5%, on account of lower compression power and lower air loss. This would save 7180 kWh/day power, which translates to a saving of Rs. 69 lacs / year

Hence, on an expenditure of about Rs. 1.6 crores, the savings work out to Rs. 1.97 crores/yr. The simple payback is thus about  10 months.

The system was commissioned in Sep 2004. Verification of the benefit was done by comparing the average power consumed in the period 1 Sep 2003 – 31 Aug 2004 with that consumed in the period 1 Oct 2004 to 30 Jun 2005. An average difference of 16,516 kWh/day or 688 kW was found.

Table-2 Compressed Air Generation and Power Consumption Before and After Commissioning

	Month
	LP Air Consumed
	Power to LP Air Compressors
	Sp. Cons.
	Remarks

	 
	Nm3
	kWh
	kWh/Nm3
	 

	Sep-03
	30360423
	4159936
	0.137
	 

	Oct-03
	30472543
	4157626
	0.136
	 

	Nov-03
	29471657
	3972054
	0.135
	 

	Dec-03
	28694558
	3860250
	0.135
	 

	Jan-04
	29848771
	4057299
	0.136
	 

	Feb-04
	27417514
	3713843
	0.135
	 

	Mar-04
	30420024
	4112922
	0.135
	 

	Apr-04
	30735114
	4142279
	0.135
	 

	May-04
	32031533
	4325906
	0.135
	 

	Jun-04
	29886682
	4015257
	0.134
	 

	Jul-04
	31581434
	4184990
	0.133
	 

	Aug-04
	31958459
	4313923
	0.135
	 

	Sep-04
	30758781
	3895709
	0.127
	Commissioning of Screw Compressor

	Oct-04
	31020008
	3661420
	0.118
	 

	Nov-04
	30485293
	3497380
	0.115
	 

	Dec-04
	32215667
	3664575
	0.114
	 

	Jan-05
	32362654
	3709661
	0.115
	 

	Feb-05
	28920971
	3310805
	0.114
	 

	Mar-05
	31864074
	3598540
	0.113
	 

	Apr-05
	31561847
	3453155
	0.109
	 

	May-05
	33126428
	3629780
	0.110
	 

	Jun-05
	33688082
	3526180
	0.105
	 


5.  Conclusion

The system performance was similar to that expected and benefits achieved in terms of power cost savings were Rs 159 lacs per annum based on earlier power cost. Subsequently, however, the cost increased to Rs.4.08/kWh by the time the system was commissioned. Therefore the monetary benefits increased to Rs.246 lacs per annum, on a n actual capital expenditure of Rs. 136.57 lacs. Hence on a simple payback basis, the expenditure was recovered in about 7 months.
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290303

				Date		Time		Total LP Air		LP Air in New System		LP Air Pressure		Frequency

						Hrs		NM3/Hr		Nm3/Hr		Kg/cm2		Hertz

				3/29/03		0:00		31218		23988		6.54		48.87

						1:00		32974		22941		6.64		49.23

						2:00		31645		23436		6.64		49.67

						3:00		31475		22864		6.74		49.45

						4:00		31787		23274		6.64		49.46

						5:00		32663		23402		6.44		49.41

						6:00		32171		23910		6.74		49.65

						7:00		31023		23124		6.85		49.79

						8:00		33419		24246		6.54		50.75

						9:00		32925		25339		6.5		50

						10:00		33806		25184		6.24		49.25

						11:00		32726		23767		6.74		49.75

						12:00		33518		23996		6.74		50.17

						13:00		33470		23545		6.74		50.18

						14:00		33474		24212		6.73		50.5

						15:00		31485		23060		6.73		50.07

						16:00		32902		24049		6.63		49.5

						17:00		33613		24562		6.42		50.09

						18:00		31850		23773		6.83		50.32

						19:00		32107		23185		6.52		49.33

						20:00		30626		22471		6.82		49.25

						21:00		30967		23208		6.62		49.04

						22:00		32011		23074		6.83		48.96

						23:00		30722		22644		6.82		49.22

				Minm.				30626		22471		6.24		48.87

				Maxm.				33806		25339		6.85		50.75

				Average				32274.0416666667		23635.5833333333		6.6533333333		49.6629166667

				Range				3180				0.61

		Large compressors				3		27000

		Variable Compr Max						6806

		Variable Compr Min						3626
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200303Scenario-1HighVar

				Date		Time		Total LP Air		LP Air in New System		LP Air Pressure		Frequency

						Hrs		NM3/Hr		Nm3/Hr		Kg/cm2		Hertz

				20-Mar-03		0:00		33255		24211		6.56		49.31

						1:00		33388		24555		6.76		50.6

						2:00		35042		24666		6.86		50.57

						3:00		33952		23679		6.86		50.75

						4:00		34255		23522		6.76		50.25

						5:00		33878		23770		6.66		49.36

						6:00		35807		24680		6.56		49.8

						7:00		32644		23343		6.86		49.98

						8:00		34745		24673		6.76		49.82

						9:00		35046		24662		6.76		49.99

						10:00		34200		24731		6.76		50.33

						11:00		33490		23514		6.88		49.49

						12:00		33184		25993		6.86		50.43

						13:00		31150		22717		6.96		50.56

						14:00		32213		25349		6.74		50.55

						15:00		31819		25253		6.73		50.27

						16:00		31708		23452		6.88		50.21

						17:00		32031		23109		6.98		50.86

						18:00		32593		23645		6.47		49.2

						19:00		32853		22886		6.48		49.01

						20:00		31684		22816		6.68		49.31

						21:00		31380		23085		6.58		48.88

						22:00		31552		22595		6.58		49.01

						23:00		31351		22995		6.48		48.95

				Minm.				31150		22595		6.47		48.88

				Maxm.				35807		25993		6.98		50.86

				Average				33050.8333333333		23912.5416666667		6.7275		49.8954166667

				Range				4657				0.51

		Large compressors				3		27000

		Variable Compr Max						8807

		Variable Compr Min						4150
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Scenarios

								Nos		Nm3/h

		Scenario-2		Large compressors				3		32000

				LP E				1

				Variable Compr Max						3807

				Variable Compr Min						-850
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290303

				Date		Time		Total LP Air		LP Air in New System		LP Air Pressure		Frequency

						Hrs		NM3/Hr		Nm3/Hr		Kg/cm2		Hertz

				3/29/03		0:00		31218		23988		6.54		48.87

						1:00		32974		22941		6.64		49.23

						2:00		31645		23436		6.64		49.67

						3:00		31475		22864		6.74		49.45

						4:00		31787		23274		6.64		49.46

						5:00		32663		23402		6.44		49.41

						6:00		32171		23910		6.74		49.65

						7:00		31023		23124		6.85		49.79

						8:00		33419		24246		6.54		50.75

						9:00		32925		25339		6.5		50

						10:00		33806		25184		6.24		49.25

						11:00		32726		23767		6.74		49.75

						12:00		33518		23996		6.74		50.17

						13:00		33470		23545		6.74		50.18

						14:00		33474		24212		6.73		50.5

						15:00		31485		23060		6.73		50.07

						16:00		32902		24049		6.63		49.5

						17:00		33613		24562		6.42		50.09

						18:00		31850		23773		6.83		50.32

						19:00		32107		23185		6.52		49.33

						20:00		30626		22471		6.82		49.25

						21:00		30967		23208		6.62		49.04

						22:00		32011		23074		6.83		48.96

						23:00		30722		22644		6.82		49.22

				Minm.				30626		22471		6.24		48.87

				Maxm.				33806		25339		6.85		50.75

				Average				32274.0416666667		23635.5833333333		6.6533333333		49.6629166667

				Range				3180				0.61

		Large compressors				3		27000

		Variable Compr Max						6806

		Variable Compr Min						3626
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Total LP Air  NM3/Hr

LP Air Pressure Kg/cm2

Time
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29/03/03: LP Air Pressure Variation-Typical Normal Day
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200303Scenario-1HighVar

				Date		Time		Total LP Air		LP Air in New System		LP Air Pressure		Frequency

						Hrs		NM3/Hr		Nm3/Hr		Kg/cm2		Hertz

				20-Mar-03		0:00		33255		24211		6.56		49.31

						1:00		33388		24555		6.76		50.6

						2:00		35042		24666		6.86		50.57

						3:00		33952		23679		6.86		50.75

						4:00		34255		23522		6.76		50.25

						5:00		33878		23770		6.66		49.36

						6:00		35807		24680		6.56		49.8

						7:00		32644		23343		6.86		49.98

						8:00		34745		24673		6.76		49.82

						9:00		35046		24662		6.76		49.99

						10:00		34200		24731		6.76		50.33

						11:00		33490		23514		6.88		49.49

						12:00		33184		25993		6.86		50.43

						13:00		31150		22717		6.96		50.56

						14:00		32213		25349		6.74		50.55

						15:00		31819		25253		6.73		50.27

						16:00		31708		23452		6.88		50.21

						17:00		32031		23109		6.98		50.86

						18:00		32593		23645		6.47		49.2

						19:00		32853		22886		6.48		49.01

						20:00		31684		22816		6.68		49.31

						21:00		31380		23085		6.58		48.88

						22:00		31552		22595		6.58		49.01

						23:00		31351		22995		6.48		48.95

				Minm.				31150		22595		6.47		48.88

				Maxm.				35807		25993		6.98		50.86

				Average				33050.8333333333		23912.5416666667		6.7275		49.8954166667

				Range				4657				0.51

		Large compressors				3		27000

		Variable Compr Max						8807

		Variable Compr Min						4150



&C&F



200303Scenario-1HighVar
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20/03/03: LP Air Pressure Variation-High Varn. Day
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Scenarios

								Nos		Nm3/h

		Scenario-2		Large compressors				3		32000

				LP E				1

				Variable Compr Max						3807

				Variable Compr Min						-850






