Recuperative Furnace Testing Proposal

          December 12, 2006

Introduction

The past few years have brought about a push for the increase of efficiency in consumption of natural resources. Fossil fuels are becoming scarcer and more expensive. In an effort to alleviate the costs of natural gas and reduce the emissions of glass furnaces on the island of Murano, Italy Worcester Polytechnic Institute (WPI) has assembled a team of students to research different technologies that are capable of doing this. One of the most promising technologies that have been found is a recuperative furnace developed by Charles Correll of Conway, Massachusetts. This proposal is being submitted for the purpose of securing funding to have a Correll recuperative furnace built and tested in Murano. The WPI team is acting as an objective consultant between Murano and Correll.  The claims and initial data collected on the Correll furnace have led them to believe that with further testing on Murano, a Correll style furnace will yield significant improvements in fuel consumption. 


Recuperative burners use a heat exchanger to extract unused heat from furnace exhaust and distribute it to the air that is being supplied to the burner. In the past recuperators have been used on Murano with mixed results. The heat exchangers were made of either stainless steel or cast alloy. These recuperators were capable of preheating incoming air to a temperature of 250° C. Modest savings were realized but significant gains were not made. 

Correll has created a new type of recuperator that relies on a hybrid heat exchanger of silicon carbide and stainless steel. This combination of materials allows the heat exchanger to be placed closer to the furnace while maintaining the integrity of the materials at high temperature. The result is the preheating of incoming air to a temperature of approximately 815° C. This efficiency was previously only capable of being reached on an industrial scale. Correll has developed this burner specifically for use on artistic glass furnaces, which he has been using for over 25 years. In addition to the recuperator Correll has made significant improvements in insulation techniques and furnace design, further increasing the efficiency of the glass melting process.  The figure below illustrates the difference in refractory materials between a Correll Furnace and traditional Murano furnace.  
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Equivalent Inches of Firebrick for Common Furnace Building Materials
Despite the decrease in actual thickness of the insulation, the Correll Furnace provides more efficiency than a traditional Murano furnace.  To better understand this concept, Correll has developed a simple way of comparing furnace insulation by calculating equivalent inches of firebrick (E.I.F.). Firebrick is a commonly used construction material for furnaces.  The value of firebrick shall be defined as 1; all other materials’ insulation properties will be defined as equivalent inches of firebrick.   The table to the right shows the equivalent inches of firebrick for common furnace building materials. Once the E.I.F. has been determined for each material and the pieces are summed, a comparison can be made between the furnaces.  The table below demonstrates the effectiveness of the insulation used by Correll.  Despite being 8 cm thinner, the walls provide 2.5 times the efficiency.

[image: image3.emf]Furnace Actual Thickness (cm)E.I.F Relation

Traditional Murano Furnace 35.5 92.7 0.40

Correll Furnace 27.8 232.4 2.51

Summary


Table 3: Insulation Analysis Summary

Goals


The WPI research team has been working with Correll to determine the feasibility of using his furnace technology on Murano. Past results of these recuperative burners have shown that fuel savings up to 40% are possible. The conclusion of this project is to bring Correll to Murano so that he may build a recuperative furnace to demonstrate his methods to the glass factories of Murano. The furnace will be tested for fuel efficiency improvements, emissions output, lifespan, maintenance, and glass product quality. Additionally the opinions of the craftsman who use the furnace with the burner installed will be recorded to determine if the burner negatively affects their perceived working conditions of the furnace.

Current concerns about this furnace will be addressed by these tests. Silicon Carbide used in other applications is known not to have a significantly long lifespan. The fuel efficiency claims must also be validated before any conclusions can be made as well as confirmation from Murano artisans that the aesthetic performance of the furnace is not altered.

Many factories have expressed their concern for rising fuel costs and the need to conserve energy.  Therefore, the team proposes that a Correll furnace be built in a factory willing to participate in the purchasing, construction, and testing.  Accordingly, Correll has agreed to travel to Murano and build a furnace equipped with his insulation and recuperator technology.  From there, the furnace will be tested by artisans and the Stazione Sperimentale del Vetro for: fuel efficiency, emissions, lifespan, maintenance, and glass quality. Should the furnace prove to be an effective way of reducing fuel consumption, Correll is ecstatic at the opportunity to continue building furnaces for the given factory as well as others across Murano. 
Procedure
The team has proposed to bring Correll to Murano to build the furnace because of his experience building these furnaces as well as his technical abilities. The build time of the furnace is estimated at 80 hours and a cost of 10,000€, a detailed cost breakdown and timeline for this process are shown at the end of this proposal. Once this furnace has been built, it will be tested by the host factory with the aid of the Stazione to determine its fuel consumption and emissions characteristics. 
Conclusion

The WPI team has been working in the Venice region for seven weeks between the dates of October 22nd and December 16th, doing research and collecting data related to this project. A separate in depth report has been created, in addition to this proposal, providing a more in depth analysis of the potential savings of a recuperative furnace as well as the potential savings of oxycombustion burners used in existing furnaces. Not all hardware costs were able to be accounted, however, by using the operating cost of each technology, the team has illustrated below that a Correll furnace offers a cheaper solution rather than oxycombustion.  
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The team has also concluded that even though the expected effectiveness is 35%, in order to remain competitive with oxycombustion a Correll Furnace only needs to maintain 16% efficiency over a traditional Murano furnace.  The chart below shows the operating costs of oxycombustion versus the operating costs of a Correll Furnace with the varying efficiencies.  
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The overall goals of this project have been to reduce the fuel consumption of the glass furnaces of Murano. Long-term testing of oxycombustion burners is scheduled to take place. Based on the team’s data collection and conclusions, it is a natural next step to critically examine the potential of recuperative furnaces as well.  
Timeline of Testing Correll Technology in Murano
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[image: image7.emf]Quantity Item Description Source Cost per $ Ext $ Euro

175Arch Brick,  #2 A.P. Green Products $5.25 $918.75 € 669.77

9" x 4 1/2" x 2 1/2" A.P. Green Products

40Hard Brick Straights A.P. Green Products $5.25 $210.00 € 153.09

9" x 4 1/2' x 2 1/2" A.P. Green Products

1Box 1900° Block Insulation A.P. Green Products $119.00 $119.00 € 86.75

8Bags 3000° Refractory Castable A.P. Green Products $49.00 $392.00 € 285.77

4Bags 3000° Insulation Castable A.P. Green Products $57.00 $228.00 € 166.21

4Sheets 1/8" Steel plate A.P. Green Products $125.00 $500.00 € 364.50

40Ft. 3" Channel Iron A.P. Green Products $4.50 $180.00 € 131.22

20Ft. 2"x 2"x 3/16" Angle Iron A.P. Green Products $3.00 $60.00 € 43.74

1Other Steel A.P. Green Products $50.00 $50.00 € 36.45

1Correll Burner Recuperator System Correll $3,550.00 $3,550.00 € 2,587.95

1Control System Correll $2,172.56 $2,172.56 € 1,583.80

1Flame Safety System Correll $917.98 $917.98 € 669.21

1Air/Gas Safety System Correll $288.64 $288.64 € 210.42

Total € 6,988.87

Traveling Cost Round Trip Plane Ticket n/a 1 U.S. Air € 800.00

Transportation to Murano n/a 2 weeks ACTV € 18.00

Accommodations n/a 2 weeks € 1,200.00

Total € 2,018.00

Labor Cost Furnace/Recuperator/Control System Build n/a 2 weeks Correll € 5,103.00

Total € 14,109.87

Cost Breakdown


Contact Information List
	First Name
	Last Name
	Company
	Job Title
	Email Address
	BusinessFax
	BusinessPhone
	HomePhone
	MobilePhone

	Charles
	Correll
	Correll Studios
	American Glass Manufacturer
	ccorrell@comcast.net
	+1 (413) 369-4769
	+1 (413) 369-4283
	+1 (413) 3694283
	

	Fabio
	Carrera
	WPI, Venice Project Center Head
	Project Advisor
	 carrera@wpi.edu

	-
	+011 (39) 041 523-3209 (VPC); (508) 831-6059 (US WPI)
	+011 (39) (041) 528-7939 (italian)
	+011 (39) (335) 581-5292 (Italian)

	Bianca
	Scalet
	Stazione Sperimentale Del Vetro
	Project Sponsor
	 bscalet@spevetro.it
	-
	+001 (39) 041 273-7019
	-
	-

	Keith
	Ferry
	WPI
	Project Student
	 specialk@wpi.edu
	-
	-
	+1 (413) 4425369
	+1 (413) 2122444

	Nick
	McMahon
	WPI
	Project Student
	nmcma@WPI.EDU
	-
	-
	-
	+1 (207) 975-3655

	Andrea
	Portnoy
	WPI
	Project Student
	aportnoy@WPI.EDU
	-
	-
	-
	-

	Jacob
	Troiano
	WPI
	Project Student
	jtroiano@WPI.EDU
	-
	-
	-
	-

	Daniela
	Pavan
	Venice Project Center
	VPC Staff
	pavan@formaurbis.com
	-
	+011 (39) 041 523-3209
	-
	-
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_1226305357.xls
Material Data Chart

		Material		E.I.F.

		Heavy Firebrick		1.00

		Heavy Castable		1.00

		3000º Insulating Castable		2.92

		2500º Insulating Castable		2.92

		2200º Insulating Castable		4.80

		2000º Softbrick		4.30

		2600º Softbrick		3.70

		2800º Softbrick		3.15

		1900º Block Insulation		12.00

		1600º Vermiculite Castable		12.00

		2400º Ceramic Fiber		12.00





Sheet2

				Traditional Murano Furnace

				Layer		Material		Thickness (cm)		E.I.F.		Product		Heat Loss

				1		Alumina Hardbrick		22.0		1.0		22.0

				2		2600º Softbrick		11.0		3.7		40.7

				3		2400º Ceramic Fiber		2.5		12.0		30.0

				Total				35.5		16.7		92.7

				Correll Furnace

				Layer		Material		Thickness (cm)		E.I.F.		Product		Heat Loss

				1		Heavy Firebrick		5.1		1.0		5.1

				2		3000º Insulating Castable		5.1		2.9		14.8

				3		1600º Vermiculite Castable		17.7		12.0		212.5

				Total				27.8		15.9		232.4		200 BTU/Hr/Ft2 at 2400

				Summary

						Furnace		Actual Thickness (cm)		E.I.F		Relation

						Traditional Murano Furnace		35.5		92.7		0.40

						Correll Furnace		27.8		232.4		2.51
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_1227523970.xls
Correll Building Costs

		Cost Breakdown														Summary

																Type		SSV		Factory		Cost

																Hardware Cost				√		€ 6,988.87

		Quantity		Item Description		Source		Cost per $		Ext $		Euro				Traveling Cost		√				€ 2,018.00

		175		Arch Brick,  #2		A.P. Green Products		$5.25		$918.75		€ 669.77				Labor Cost		√				€ 5,103.00

				9" x 4 1/2" x 2 1/2"		A.P. Green Products

		40		Hard Brick Straights		A.P. Green Products		$5.25		$210.00		€ 153.09				Total						€ 14,109.87

				9" x 4 1/2' x 2 1/2"		A.P. Green Products

		1		Box 1900° Block Insulation		A.P. Green Products		$119.00		$119.00		€ 86.75

		8		Bags 3000° Refractory Castable		A.P. Green Products		$49.00		$392.00		€ 285.77

		4		Bags 3000° Insulation Castable		A.P. Green Products		$57.00		$228.00		€ 166.21

		4		Sheets 1/8" Steel plate		A.P. Green Products		$125.00		$500.00		€ 364.50

		40		Ft. 3" Channel Iron		A.P. Green Products		$4.50		$180.00		€ 131.22

		20		Ft. 2"x 2"x 3/16" Angle Iron		A.P. Green Products		$3.00		$60.00		€ 43.74

		1		Other Steel		A.P. Green Products		$50.00		$50.00		€ 36.45

		1		Correll Burner Recuperator System		Correll		$3,550.00		$3,550.00		€ 2,587.95

		1		Control System		Correll		$2,172.56		$2,172.56		€ 1,583.80

		1		Flame Safety System		Correll		$917.98		$917.98		€ 669.21

		1		Air/Gas Safety System		Correll		$288.64		$288.64		€ 210.42

										Total		€ 6,988.87

		Traveling Cost		Round Trip Plane Ticket		n/a		1		U.S. Air		€ 800.00

				Transportation to Murano		n/a		2 weeks		ACTV		€ 18.00

				Accommodations		n/a		2 weeks				€ 1,200.00

										Total		€ 2,018.00

		Labor Cost		Furnace/Recuperator/Control System Build		n/a		2 weeks		Correll		€ 5,103.00

										Total		€ 14,109.87
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Material Data Chart

		Material		E.I.F.

		Heavy Firebrick		1.00

		Heavy Castable		1.00

		3000º Insulating Castable		2.92

		2500º Insulating Castable		2.92

		2200º Insulating Castable		4.80

		2000º Softbrick		4.30

		2600º Softbrick		3.70

		2800º Softbrick		3.15

		1900º Block Insulation		12.00

		1600º Vermiculite Castable		12.00

		2400º Ceramic Fiber		12.00





Sheet2

				Traditional Murano Furnace

				Layer		Material		Thickness (cm)		E.I.F.		Product		Heat Loss

				1		Alumina Hardbrick		22.0		1.0		22.0

				2		2600º Softbrick		11.0		3.7		40.7

				3		2400º Ceramic Fiber		2.5		12.0		30.0

				Total				35.5		16.7		92.7

				Correll Furnace

				Layer		Material		Thickness (cm)		E.I.F.		Product		Heat Loss

				1		Heavy Firebrick		5.1		1.0		5.1

				2		3000º Insulating Castable		5.1		2.9		14.8

				3		1600º Vermiculite Castable		17.7		12.0		212.5

				Total				27.8		15.9		232.4		200 BTU/Hr/Ft2 at 2400

				Summary

						Furnace		Actual Thickness (cm)		E.I.F.		Heat Loss		Relation

						Traditional Murano Furnace		35.5		16.7		92.7		0.40

						Correll Furnace		27.8		15.9		232.4		2.51
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