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1 INTRODUCTION

Panipat refinery is the 7th refinery of Indian Oil Corporation. Built in an area of around 2200 acres of land, in Panipat; at a project cost of Rs. 3868 Crore (including Marketing & Pipelines installation), the Refinery has an installed capacity of processing 6 Million Metric Tonnes of crude oil per Annum (MMTPA).  It is one of India’s most modern refineries with global technologies from Axens, France, Haldor Topsoe Denmark, UNOCAL/UOP, Stone & Webster USA; and Delta Hudson, Canada.  The refinery receives crude oil through a 1339-km long pipeline originating from Vadinar in Gujarat Coast. The refinery is designed for processing both indigenous & imported crude oil. The refinery has processed about 25 types of imported crude oil from countries like Saudi Arabia, Iran, Iraq, Dubai, Kuwait, Malaysia, Nigeria and other African countries since commissioning in 1998. Currently, the capacity of the refinery is being expanded to 12.0 MMTPA.
The Refinery produces annually about 8 lakh tonnes of Petrol, 3 lakh tonnes of jet fuel, 12 lakh tonnes of kerosene, 26 lakh tonnes of Diesel, 2.4 Tonnes of cooking gas apart from other products such as Naphtha, Bitumen, HPS, MTO & Propylene. For environment protection & conservation, the refinery has also commenced production of ultra low sulphur diesel and 1 % benzene petrol. 
To meet the production demand of various petroleum products, the refinery has a number of process units along with captive power plant, utilities block and effluent treatment facilities. The various units of the refinery are given in Table 1
Table 1: Units of Panipat Refinery

	1.
	AVU (Atmospheric & Vacuum Distillation Unit)

	2.
	HGU (Hydrogen Generation Unit)

	3.
	HCU (Hydro Cracker Unit)

	4.
	CCRU (Continsuous Catalytic Reforming Unit)

	5.
	FCCU (Fluidized Catalytic Cracking Unit)

	6.
	BBU (Bitumen Blowing Unit)

	7.
	VBU (Vis Breaker Unit)

	8.
	OHCU (Once through Hydrocracker Unit)

	9.
	DHDS (Diesel Hydro Desulphurisation Unit)


The capacities of different process units and the licensors are given in the Table 2 below


Table 2: Capacities

	PROCESS UNITS 
	LICENSOR / DESIGN
	CAPACITY

	AVU
	EIL, India
	6.0 MMTPA

	Hydrocracker 
	UOP, USA
	1.7 MMTPA

	Hydrogen Unit 
	HALDER TOPSOE, Denmark
	38000 MTPA

	Diesel Hydro- desulphurisation Unit 
	IFP, France
	0.7 MMTPA

	Resid Fluidised Catalytic Cracking unit 
	Stone & Webster, USA
	0.7 MMTPA

	Continuous Catalytic Cracking unit 
	IFP, France
	0.5 MMTPA

	Vis Breaker unit 
	EIL, India
	0.4 MMTPA

	Bitumen Blowing Unit 
	EIL, India
	0.5 MMTPA

	Sulphur Recovery Unit
	Delta Hudson, Canada
	2 X 115 MTPD


2 ENERGY SCENARIO

Panipat refinery primarily consumes own generated Fuel Oil, Fuel gas, LDO, Naptha and Refinery off-gas to meet its entire energy demand including power generation at its captive power plant. Power is also taken from the grid but is very minimal. 

The effort taken by Panipat refinery in terms of energy conservation is on a high level. There is a dedicated team working to bring down the total energy cost for which monitoring of the daily energy consumption parameters are done. The total energy consumption is monitored on a daily basis, for which daily operating report formats have been developed. 

As a result of various energy conservation activities & other operational improvements the total energy cost of the refinery have steadily declined from a level of 9.2% in 2000-01 to the current level of 7.6% of the total manufacturing cost. The Specific electrical energy consumption has come down from 55.6 KWh/ MT crude processed in 2001-02 to 54.2 KWh/MT crude processed in 2003-04. Similarly, thermal energy consumption has come down from 0.738 MMKCal/ MT crude processed in 2001-02 to 0.689 MMKCal/MT crude processed in 2003-04. 

Energy & loss performance in terms of MBN has come down from 110 in 2001-02 to 102 in 2003-04.

3 steam generation

3.1 SCOPE DEFINITION

The scope laid down under steam generation for the energy efficiency analysis was the following.

· Efficiency and loss evaluation of boilers and HRSG 

· Auxiliaries: BFP, ID/FD fan, cooling tower etc

· Combustion performance

· Heat Balance

· Air to Fuel ratio

· Blow down losses 

· Waste heat recovery potential

· Potential for energy saving retrofits

3.2 facility description

The steam generation unit consists of 3 BHEL make boilers with a capacity of 160 TPH at 104 kg/cm2 & 510 deg C. HSD is used as the startup fuel with IFO as the main fuel. The boilers are of natural circulation & balanced draft type.  The Boilers are designed to burn oil & gas with six sets of Oil/ Gas combination burners. Each boiler consists of an economizer, a steam coil air pre-heater, and a rotary air pre-heater.  The MCR is 160 TPH and the nominal loading of these boilers is around 120 TPH, which is considered as optimum.

The gas turbine has a Heat Recovery Steam Generator (HRSG), which is of BHEL make. The design capacity is of 125 TPH (with supplementary firing on GT mode) and 65 TPH (without supplementary firing when GT at full load). The rated pressure of HRSG steam is at 21.5 kg/cm2. However the HRSG operates at 16 kg/cm2. The HRSG is run by the GT exhaust gases and designed to run on HSD & IFO under supplementary firing mode.  There is no supplementary firing under the normal course of operation.  The Table 3 below shows the details of the boiler in the power plant.

Table 3: Boiler design parameters

	Boilers
	 
	 
	 
	 
	 
	 

	Boiler ID code
	Make
	Type
	Capacity, tph
	Rated pressure, kg/cm2 (g)
	Fuel used
	Type of firing 

	HA 845, 846 & 847
	BHEL 
	Water Tube, Bi drum
	160 x 3
	104
	HSD as start up & IFO as main Fuel.
	Air atomisation for HSD & Steam atomisation for IFO

	HRSG
	BHEL 
	Water Tube, Bi drum
	125 (With SF on GT mode) 65 (Without SF on GT at full load)
	21.5
	GT Exhaust gases. SF - HSD & IFO 
	No firing in normal course of operation.


3.3 study methodology
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The methodology adopted for carrying out the study is depicted in the following chart.

3.4 PERFORMANCE

3.4.1 Boiler loading 
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The boilers are rated for 160 TPH and they are run under nominal loading conditions, which is around 120 TPH. Figure 1 below shows the variations in loading over a period of a year for all the 3 boilers and the HRSG. 

Figure 1: Boiler loading trend

The average values are given in the Table 4 below:

Table 4: Average values

	Boiler 1
	117 TPH

	Boiler 2
	116.6 TPH

	Boiler 3
	117.3 TPH

	HRSG
	50.34 TPH


[image: image19.wmf]The loading pattern of the boiler was analyzed for a period of a year. The tonnage under various loads is shown in Figure 2.  The maximum operating load of the boilers were in the 70-80% band. 

Figure 2: Operating load of high-pressure boilers
Figure 3 shows the loading of the HRSG. It can be seen that 57% of the time the HRSG loading was in the range of 50-66 TPH. 

Figure 3[image: image20.wmf]: Operating load of HRSG
3.4.2 Efficiency and loss evaluation of boilers and HRSG 

The efficiencies of the 3 boilers were evaluated based on the data obtained when the boilers were running at nominal loading conditions. The following Sankey Diagram (Figure 4) shows the various losses occurring in boiler 1 and their efficiencies on GCV and NCV basis. In boiler 1, the flue gas temperature was 165 deg C and the excess Oxygen was at about 1.6%. Efficiency of Boiler-1 on the GCV and NCV basis was estimated to be around 88.7%  and 93.4% respectively.

[image: image21.wmf]Figure 4: Sankey diagram for boiler 1
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The following (Figure 5) shows the various losses for boiler 2. The flue gas exit temperature was at 130 deg C and the excess oxygen was at 2%. Boiler 2 has a better efficiency when compared with all the other boilers in the plant.

Figure 5: Sankey diagram for boiler 2
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Similarly, the performance of boiler 3 is shown in the Figure 6 below. The exit flue gas temperature is at 153 deg C and excess oxygen was at 1.74%

Figure 6: Sankey diagram for boiler 3
The heat recovery steam generator (HRSG) generates steam by utilizing the high heat content of the exit gas from the gas turbine. The combined efficiency of the gas turbine and the HRSG was computed. The efficiency was as per the conditions at 23 MW and 60 TPH and was calculated using the direct method.  The Table 5 below shows the heat content of the inlet and outlet conditions respectively.

Table 5: GT & HRSG efficiency

	Steam generation
	1440
	MT/day

	 
	
	

	Steam pressure
	16
	kg/cm2

	Steam temperature
	284
	deg C

	Steam enthalpy
	716.57
	kcal/kg

	Feed water enthalpy
	120.00
	kcal/kg

	 
	 
	 

	Heat content in steam
	859061893
	kcal/day

	Power generation
	469818000
	kcal/day

	Heat content in fuel
	1792350000
	kcal/day

	Efficiency of HRSG
	74.1%
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3.4.3 Auxiliaries performance

3.4.3.1 Boiler feed water pump

The TPS consists of 4 boiler feed water pumps. These pumps are rated for 200 cum/hr with a head of 1419 m. The HT motors are rated for 1175 KW. All the feed pumps are connected to 2 parallel headers from where water is fed to the individual boilers. The mode of operation is such that; the pumps are run depending on the no. of boilers running at that time. The performance of the pumps was studied when the boiler was running at nominal loading conditions.  The measured parameters are given in the following Table 6
Table 6: Boiler feed pump performance

	Specific gravity
	0.9158
	 
	 
	 

	BFP Suction pressure
	5.3
	kg/cm2
	 
	 

	BFP 2 Flow
	123
	TPH
	134.3
	cum/hr

	BFP 3 Flow
	133
	TPH
	145.2
	cum/hr

	BFP 4 Flow
	126
	TPH
	137.6
	cum/hr

	BFP 1 Discharge pressure
	141
	kg/cm2
	 
	 

	BFP 2 Discharge pressure
	142
	kg/cm2
	 
	 

	BFP 3 Discharge pressure
	141
	kg/cm2
	 
	 

	BFP 4 Discharge pressure
	142
	kg/cm2
	 
	 

	Deaerator temperature
	152
	deg C
	 
	 

	Power consumption BFP 2
	894
	kw
	 
	 

	Power consumption BFP 3
	914
	kw
	 
	 

	Power consumption BFP 4
	918
	kw
	 
	 

	 
	 
	 
	 
	 

	Pump 2 efficiency
	62.14%
	 
	 
	 

	Pump 3 efficiency
	65.24%
	 
	 
	 

	Pump 4 efficiency
	61.99%
	 
	 
	 

	 
	 
	 
	 
	 


It was found that all the feed pumps were operating in the 62-65% efficiency range. 

3.4.3.2 FD & ID fans

Each boiler has 2 nos of FD and ID fans. The design data of the fans are given in the following Table 7
Table 7: Design details of Fans
	
	FD fan
	ID fan

	Flow
	31 cum/s
	45.7 cum/s

	Pressure
	430 mm WC
	385 mm WC

	Power
	200 KW
	250 KW


Both the FD & ID fans are in operation and each operates at 55-60% of its capacity. This is mainly done for reliability and safety.
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The arrangement of the fans is depicted in the Figure 7 below.

Figure 7: Arrangement of fans
The performance of these fans was studied when the boiler was operating in the nominal loading conditions. The following tables show the combined efficiencies of the 2 fans. 

Table 8: Boiler 1 FD fans performance
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Table 9: Boiler 1 ID fans performance
Table 10: Boiler 2 FD fans performance
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Table 11: Boiler 2 ID fans performance

Table 12: Boiler 3 FD fans performance

Table 13: Boiler 3 ID fans performance

The cooling towers & auxiliary performance is given in chapter 10
3.4.4 Air to fuel ratio

The following Figure 8 shows the steam generation and airflow for all the 3 boilers. 

Figure 8: Steam generation and airflow

The air to fuel ratio for all the 3 boilers is shown in the Figure 9 below. As can be seen the air to fuel ratio is in the range of 15 to 16.4 in all the boilers and the average is 15.3.


Figure 9: Air to fuel ratio

3.4.5 Blow down 

All the boilers are operating under continuous blowdown conditions. The steam generation and blowdown data was analysed for a period of a year and it was found that the average blowdown in each boiler was 3.41% of the total steam generation. The blowdown varies between 2.56 to 6.25%. The conductivity requirement in drum water is to be maintained less than 200micromho/cm and silica less than 2 ppm. From the following figures 10 & 11 it could be seen that both silica and conductivity in the boiler drum water is well within the limits. 


Figure 10: Variations in silica content


Figure 11: Variation in conductivity

3.5 ENERGY COST REDUCTION OPPORTUNITIES

3.5.1 Installation of smaller sized pumps for the high pressure boilers

The operating conditions of the boiler feed water pumps are already discussed in section 3.4.3.1. Two boilers are operated under general operating conditions along with the GT and HRSG. During 2-boiler operation case the normal capacity requirement (250 TPH) is 273 cum/hr.  The flow variations is given in the following Figure 12 below:

Figure 12: Variations in flow of feed water under 2-boiler operation mode
Since the boiler feed pumps are rated for a capacity of 200 cum/hr, there is a possibility to run a smaller pump along with one bigger pump. The following Table 14 shows the requirement and the savings possible. 

Table 14: Savings calculations
The savings have been worked out for the normal capacity of 250 TPH. A 120-cum/hr pump can serve the purpose. The cost benefit analysis of this scheme is shown in Table 15.

Table 15: Cost benefit analysis

	SN
	Description
	Value

	1
	Power Savings (KW)
	363

	2
	Monetary savings (Rs lacs/yr)
	99

	3
	Investment
	

	4
	Payback period (years)
	


3.5.2 Installation of smaller sized pump for HRSG

The HRSG boiler feed water pump is rated for a flow of 159.3 cum/hr, which is the design condition of the pump under supplementary firing mode. As seen from the Figure 13 below (1 year data) the HRSG is normally run in the GT mode and hence the average steam generation is 50.3 TPH. The average feed water flow was 53.5 TPH. 


Figure 13: Variation in HRSG feed water flow

The design head of the pumps is 438 m. The pump is throttled to attain the required flow and hence the pressure at the discharge of the pump is around 53 kg/cm2. There is a considerable loss across the control valve. A Smaller sized pump would be sufficient under normal operating conditions. The savings have been worked out under a nominal loading of 66 TPH, which is the maximum steam flow in the GT mode. 

Table 16: Savings calculations

The cost benefit analysis is shown in the Table 17 below

Table 17: Cost benefit analysis

	SN
	Description
	Value

	1
	Power Savings (KW)
	131

	2
	Monetary savings (Rs lacs/yr)
	36

	3
	Investment
	

	4
	Payback period (years)
	


3.5.3 Automatic blow down control for boilers

As stated in section 3.4.5, silica and conductivity, which is a direct relation of TDS, is well within the limits. The present blow down is on the higher side. Installation of an automatic blow down control will help in controlling the percentage of blow down by sensing the TDS and silica (silica based controls are now available). Reduction in blow down will save on DM water as well as on fuel. There is a very good flash steam recovery and condensate heat recovery system and the flash is already recovered. The savings have been calculated by subtracting the amount of flash steam already recovered and the heat recovered from the condensate. The cost benefit analysis is shown in the Table 18 below.

Table 18: Cost benefit analysis

	SN
	Description
	Value

	1
	Fuel Savings (kg/hr)
	420

	2
	Monetary savings (Rs lacs/yr)
	430

	3
	DM water savings (KL/yr)
	13596

	4
	Monetary savings (Rs lacs/yr)
	2.7

	3
	Investment
	

	4
	Payback period (years)
	


3.5.4 Usage of SCAPH condensate in the boiler

The steam coil air pre heater (SCAPH) uses steam for heating incoming air before it gets further heated in the rotary coil air pre-heater (RAPH). The air temperature after the SCAPH is maintained at 60-70 deg C. Boiler 1 and boiler 2 uses MP steam while boiler 3 uses LP steam in the SCAPH.  There is a provision for the usage of both LP as well as MP steam. The following figures 14 to 16 show the P & T conditions of steam and the flow to SCAPH. 

Figure 14: SCAPH-Boiler 1

Figure 15: SCAPH-Boiler 2

Figure 16: SCAPH-Boiler 3

The condensate (around 3 TPH) from SCAPH is presently being drained and this, if utilized will help in fuel as well as on DM water savings. The cost benefit analysis is shown in the Table 19 below.

Table 19: Cost benefit analysis

	SN
	Description
	Value

	1
	Fuel Savings (kg/hr)
	30

	2
	Monetary savings (Rs lacs/yr)
	24

	3
	Monetary savings due to DM water (Rs lacs/yr)
	5

	4
	Investment
	

	5
	Payback period (years)
	


3.5.5 LP steam instead of MP steam in SCAPH

Instead of MP steam, LP steam can be used for pre-heating air since the temperature required is only 70 deg C. Since the LP line already exists the investment would be almost minimal. 

Table 20: Cost benefit analysis

	SN
	Description
	Value

	1
	Fuel Savings (kg/hr)
	18

	2
	Monetary savings (Rs lacs/yr)
	15

	3
	Investment
	Nil

	4
	Payback period (years)
	Immediate


3.5.6 Installation of VFD for FD&ID fans 

As discussed earlier, 2 FD & ID fans are operated for each boiler. The fans run at a loading of 55-60% of their capacity. It was also observed that the damper position keeps varying depending on the load and hence installation of VFD’s will save considerably on the power consumption. The savings and investment have been computed on the basis of 2 boiler operation conditions. 

Table 21: Cost benefit analysis

	SN
	Description
	Value

	1
	Power Savings (KW)
	833

	2
	Monetary savings (Rs lacs/yr)
	227

	3
	Investment
	400

	4
	Payback period (years)
	1.76


3.5.7 HRSG flue gas heat recovery

Presently the flue gas exit temperature from the HRSG is at 156 deg C. The gas turbine uses Naptha as fuel. The sulphur content in naptha is less than 0.05% and hence the flue gas temperature can be brought down further. There is already a make up water heater in the flue gas path. An additional heater can be provided; or the area of the existing heater can be increased to extract further heat from the flue gas. 

Table 22: Cost benefit analysis

	SN
	Description
	Value

	1
	Fuel savings (kg/hr)
	290

	2
	Monetary savings (Rs lacs/yr)
	227

	3
	Investment
	

	4
	Payback period (years)
	


4 process furnaces

4.1 SCOPE DEFINITION

The following were the scope laid down under Process Furnaces for the energy efficiency analysis.

· Combustion Performance

· Heat balance

· Efficiency of furnaces & auxiliaries

4.2 Facility Description

There are 16 furnaces of different sizes and applications in the Refinery with design-fired duty varying from 4.4 to 94.6 Mnkcal/hr. The design efficiency varies from 70 to 92 %. Except HGU reformer, which uses naptha as fuel, all the other furnaces are fired by fuel oil and fuel gas. For atomizing the fuel, steam is being used.  The design details of individual furnaces are tabulated in Table 23. The prime purpose of these furnaces is to obtain required temperatures of the feed for processing in the next section.

Table 23 : Furnace Design details
	S No
	Name of the Unit
	Furnace ID
	Type
	Design Furnace Efficiency %
	Design fired duty in MMKcal / hr

	1
	AVU
	CDU
	Balance draft
	91
	85.7

	2
	
	VDU
	
	90.9
	37.9

	3
	
	NSU
	
	90.9
	9.4

	4
	OHCU
	RG H
	Natural draft
	91.3
	27.2

	5
	
	F-501
	Balance draft
	89.8
	30.5

	6
	
	F-502
	
	89.8
	15

	7
	C-CRU
	F-101
	Natural draft
	85
	4.4

	8
	
	F-102
	
	85
	4.4

	9
	
	F-201
	
	90
	37.8

	10
	
	F-202
	
	90
	37.8

	11
	
	F-203
	
	90
	37.8

	12
	HGU
	HGU
	Balanced draft
	92
	94.6

	13
	FCCU
	FCCU – FH
	Natural draft
	87.5
	11.8

	14
	DHDS
	DHDS
	Forced draft
	86.4
	5.26

	15
	BBU
	BBU
	Induced drat
	70
	3.61

	16
	VBU
	VBU
	Natural draft
	88
	8.4


4.3 study Methodology

The methodology that was followed for analyzing the performance of the furnaces is given in the chart below.


4.4 Performance

4.4.1 AVU Furnaces

4.4.1.1  CDU Furnace

The performance evaluation of the CDU furnace was carried during the field study. The crude oil is heated from 270 to 360 deg C before going to the process.   The efficiencies were calculated based on both GCV as well as on NCV basis. The efficiency of the furnace was found out to be 93.2 % on NCV basis and the ID fan & FD fan efficiencies were 44.52 % & 45.3 % respectively.  The fan efficiency is on lower side.  The operating parameters and performance indices are depicted in the following Figure 17

Figure 17: CDU Furnace Performance

Some of the operating parameters are shown in the Table 24 below

Table 24: CDU Furnace parameters

	S No
	Parameters
	Units
	Value

	1
	Fuel Oil flow
	Kg/hr
	5875

	2
	Fuel gas flow
	Kg/hr
	500

	3
	Stack Temperature
	Deg C
	133

	4
	Oxygen level
	%
	4.8

	5
	Designed Furnace Efficiency
	%
	91

	6
	Actual Efficiency  (NCV basis)
	%
	93.2

	7
	FD fan efficiency (combined)
	%
	45.3

	8
	ID fan efficiency
	%
	44.52
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