Designing a Clean-Burning, High-Efficiency, Dung-Burning Stove:

Lessons in cooking with cow patties.
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Dung drying on tree in Mysore, Karnataka, India.1
Introduction

People around the world use wood and biomass as their primary fuel source. From China to Kenya, Guatemala to India, half of humanity cooks over biomass fires. There has been much effort in the past in improving stoves that burn wood or charcoal, but a great number of people do not use or have access to wood fuel. Many of them use dung as their primary fuel source. However, not much work has been done on improving stoves designed specifically for burning dung. Testimonies from the field state that the burning of dung is a smoky and inefficient process. Aprovecho Research Center has begun efforts to design better dung-burning stoves and just like with wood-burning stoves it is believed that with the implementation of advanced combustion techniques significant improvements in efficiency and emissions can be gained. In fact, dung can be as good or better than wood as cooking fuel. The contents of this report lay out our efforts thus far, but first an introduction to the history and practice of cooking with dung. 

Background


For many people worldwide, dung is the only available fuel source. Deforestation and erosion have contributed to great fuel wood shortages in many areas of central Asia, south Asia and Africa. 
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2: Dung drying on wall, Turkey. 

     3: Dung drying in piles, north India. 
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4: Dung drying in pile, Armenia.

       5: Storage of dung in home in Turkey. 



Great quantities of dung are dried and burned, often very inefficientl[image: image8.png]Tiguse T4 Dinggasaof e b stove,
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y, yet very little focus has been made in the area of improving dung-burning stoves and most stoves are built without consideration of advanced combustion principles. Chulah-type stoves that are simple u-shaped combustion boxes are used throughout north India and Nepal (Fig. 6). This model does nothing to improve air flow or raise combustion temperatures and likely burns as a smoky, inefficient mess. In India, the hara stove is widely used in rural areas of Rajasthan, Bihar and Madhya Pradesh. As can be seen from the diagram below (Fig. 7), the pot sits directly on the dungcakes. Presumably, this generates many problems, including creating a great deal of smoke by reducing air flow. There is nowhere for burnt ash to escape. Both the ash and the pot act to smother the flame. It is worth noting that hara stoves are primarily used for the slow heating of milk without boiling over a few hours. Thus, an inefficient smoldering fire is useful but the same task can also be accomplished without the high emissions and inefficient fuel use.  


In Tibet, where climates are colder, stoves are used for both heating and cooking. Yak dung is the primary fuel source. Notice the stoves in Figures 8 and 9 are equipped with chimneys which should significantly reduce the levels of indoor air pollution in the home. However, there is room for improvement, especially in terms of heat transfer efficiency. From these photographs, there is evidence that with minor modifications, significant reductions in fuel use could be achieved. 
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Considerable debate remains over fixing a value for available energy in cow dung fuel, whereas most other fuels agree within a reasonable degree across the published literature. This could be due to a wide variety of compositional ash content in dung, thus significantly affecting the energy content. Published values for ash content range from 20-50 percent. Accordingly, published values for the firepower of dung range from about 50-75% that of wood reflecting the discrepancies over ash content. Table 1  shows heating values for three fuels. Notice the consistencies across sources for ricehulls and wood, but the disagreement over energy in dung.

Table 1: Available Energy in Biomass Fuels, Dry

	
	Heating Value1, Btu/lb
	Heating Value1, kJ/kg
	Heating Value2, kJ/kg

	Wood
	8750 
	20335
	20000

	Dung (Cow)
	7400
	17198
	10000

	Rice Hulls
	6000
	13944
	13000


Prototype Design


Utilizing the design principles developed by Larry Winiarski and Aprovecho, Kristina Weyer has developed a prototype dung-burning stove with high draft, high firepower, and great flame activity with relatively little smoke. Yes,  a dung-burning stove can sustain a flame!
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The prototype employs a modified rocket stove design for encouraging draft. Notice the high draft-promoting chimney in Figure 10 of the prototype. The prototype dung stove follows the design principles used in rockets made for burning wood, but the unique characteristics of dung made two main modifications to the standard rocket necessary. First, dung is usually fed into stoves in small  chunks, which means feeding it through a long opening, as is appropriate for wood, is not feasible. The prototype thus has a slot for top-feeding the fuel through a removable brick. Earlier prototypes had the feeding slot farther away from the insulated chimney, which required the flame to move some distance horizontally before getting to the insulated chimney. These designs did not work well: the draft was not strong enough to keep pulling the flame sideways, and smoke seeped out through every crack around the combustion chamber. Thus, we learned it was helpful to feed the dung directly under the insulated chimney: even a few inches made a huge difference. One potential problem with the removable brick idea in a real-world dung-burning stove is users choosing to leave the brick off, since replacing it will probably be considered an inconvenience. Replacing the brick after each fuel addition is necessary to achieve the lowest emissions. When the brick is not in place, there is a large opening for cold air to enter the fire and cool it off. Figure 12 demonstrates the use of the removable brick. 
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The other main modification to the standard rocket is made necessary by the the large ash content of dung: in the range of 20-50% by weight. The dung ash tends not to break down into fine pieces and powder; it stays about the same size as the original dung piece unless agitated. In early designs, ash easily clogged the stove, blocking the pathway for primary air and resulting in a smoky, air-starved fire. Even when the dung was placed on a grate with very large openings, the ash did not fall down through the grate on its own. For these reasons, designing a mechanism for handling the ash while the stove is operating is essential. In this prototype, the design provides a convenient way to clean out ash while the stove is operating. In the dropped floor of the combustion chamber, just below where the dung is burning, a tray catches dung ash to be easily pulled out. Figure 14 shows this tray. This space also serves as the pathway for primary air, and serves a second purpose of pre-heating the air as it flows over the hot ashes on its way to the fire. Moving the dung ash from the combustion chamber down to the tray in this prototype requires agitation from the stove user in the form of a metal rod. Another possibility for dealing with the ash could be providing a large enough ash holding area such that the stove needed to be cleaned out less frequently, perhaps only a few times per day.

Prototype Testing


The dung stove prototype was tested under a hood using the Water Boiling Test at Aprovecho’s ASAT Lab. Aprovecho has proposed benchmark parameters for measuring and comparing the effectiveness of efforts to improve fuel efficiency and emissions among different cooking stoves. These benchmarks are not compulsory but only offer some guideline goals for measuring the relative health and economic gains of implementing one stove over another. These benchmarks hold for different fuel types for emissions between stoves but because fuel types vary in available energy the benchmarks must be modified to reflect that for amount of fuel used. The benchmark for fuel used for dung derives from a ratio of the heating value of dung at 17000 kJ/kg to that of wood. The figures below compare the dung stove prototype to the open wood fire and a variety of improved wood-burning stoves. 

To date, no testing has been performed on unimproved dung stove designs. Thus, a fully adequate statistical marker for level of improvement cannot be obtained. Nevertheless, in most respects, a comparison to wood-burning stoves will suffice. The wood stoves chosen here represent a similar design to many unimproved dung stoves in use including the hara and chulah stoves in India in that they do not contain an insulated combustion chamber. The only one that does contain such a chamber is the WFP rocket stove which is included to show a comparison to that type of stove which is similar to the rocket elbow contained in the dung prototype. 
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Figure 15 shows the amount of fuel used to cook 5L of water.  Notice that the benchmark for equivalent wood-fuel used was not met. However, improvements could be made to reduce fuel used including a shorter chimney above the combustion chamber or modifications in operator technique. Furthermore, the amount of fuel used in an unimproved dung stove is likely much greater. 

Figure 16 shows the amount of carbon monoxide emitted to cook 5L of water. Notice that, once again, the dung stove prototype did not meet the proposed benchmarks. Nevertheless, the CO emissions were significantly lower than in any of the other wood stoves save for the WFP rocket with a 44% reduction in CO as compared to open wood fire! 
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Figure 17 shows the amount of particulate matter emitted to cook 5L of water. Notice, that the dung prototype does meet the benchmark for PM. Just barely! Once again, no other improved stove included herein met the benchmark save the WFP rocket. The improvement in PM emitted over the open wood fire was a whopping 37%!
Conclusions/Recommendations
While not meeting two of the three proposed benchmarks, the dung stove prototype demonstrates a marked improvement over most other simple, chimney-less, improved wood stoves. The benchmarks were developed as a means for comparison and as incentive to continue the great work on improving stove designs around the world. This stove has demonstrated that dung can, in fact, be burned cleanly and efficiently. Much of the carbon monoxide was emitted during the low-power simmering phase of the cooking test due to the instances of reductions in flame intensity which is crucial for completely combusting CO into CO2. 

Thus, there is room for improvement and with continued prototype development or modified operator technique those other two benchmarks could be met. This project demonstrates the need for expanded efforts in improving dung-burning. Furthermore, great potential exists for reducing exposure to harmful pollutants and reducing the economic or physical strain of high fuel use. 
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Figure 14: Prototype Ash Tray





Figure 12: Closer View of Prototype





Figure 10: Concept Schematic of Weyer’s Prototype  Stove





Figure 7, Photo and diagram of hara stove, India. 5 
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Figure 8, Photo of cooking/heating stove, Tibet.





Figure 9, Photo of cooking/heating stove, Tibet.





Figure 6, Chulah-type dung stove. 





Figure 13: Prototype Combustion Chamber





Figure 11: Weyer Dung-Burning Prototype Stove





Figure 15: Comparison of dung stove to wood-fueled stoves for fuel used. 





Figure 16: Comparison of dung stove to wood-fueled stoves for CO.





Figure17: Comparison of dung stove to wood-fueled stoves for PM. 
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Chart8

		Weyer Dung Stove

		Open Fire

		Ghana Wood

		WFP

		Mud Surround

		VITA



proposed benchmark

850

1005

Fuel to Cook 5L (850/1500chimney) g

Fuel (g)

Fuel to Cook 5L Water

1552.16

1117.7772362377

996.1294167798

732.6594622252

792.8809350578

689.4326895915



Data

		Stove type/model

		Location

		Wood species

		Date								needs simm						missing?												need PM

						Open Fire		Ghana Wood		WFP		Mud Surround		VITA		Justa		Uganda		Patsari		Onil		Ecostove		Wood Flame Fan		Wood Gas Fan		Mali Char		Gyapa Char		Propane		Alcohol		Kerosene		Solar

		1. HIGH POWER TEST (COLD START)		units

		Time to boil Pot # 1		min		28		25		22		20		16		52		20		42		35		53		23		29		38		37		32		67		46		76

		Burning rate		g/min		24.08		21.03		17.13		24.15		25.18		25.41		20.38		25.57		33.58		29.87		12.68		8.20		11.10		10.97		2.43		3.92		2.73		0.00

		Thermal efficiency		--		0.19		0.24		0.37		0.28		0.29		0.17		0.40		0.20		0.18		0.13		0.42		0.45		0.17		0.18		0.69		0.53		0.52		0.28

		Specific fuel consumption		g/liter		136.02		106.38		76.70		94.28		83.71		150.86		60.84		123.31		139.35		296.04		59.37		53.46		88.55		81.28		14.94		60.80		25.82		0.00

		Temp-corrected specific consumption		g/liter		118.44		92.13		68.06		82.02		72.91		130.11		52.41		108.29		118.98		260.29		49.85		47.22		78.31		70.65		12.70		53.30		22.25		0.00

		Firepower		watts		7761		6774		5532		7801		8129		8203		6577		8212		10829		8998		4093		2656		5859		5790		1946		1322		1977		2087

		Equivalent Dry Wood Consumed		g		511.0		387.4		395.3		412.5		269.6		884.5		265.6		709.2		743.3		1074.4		265.9		0.0		253.2		256.8		0.0		204.3		114.0		0.0

		2. HIGH POWER TEST (HOT START)		units		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		Time to boil Pot # 1		min		30		22		23		16		15		39		15		33		28		34		23		29		47		29		30		67		51		77

		Burning rate		g/min		25.61		19.32		18.03		24.86		24.66		26.92		23.50		26.27		32.53		31.84		12.43		8.50		10.31		12.76		2.40		3.92		2.56		0.00

		Thermal efficiency		--		0.20		0.27		0.31		0.31		0.31		0.21		0.45		0.24		0.22		0.16		0.42		0.46		0.18		0.19		0.66		0.53		0.51		0.23

		Specific fuel consumption		g/liter		136.87		86.67		85.99		83.30		74.97		151.80		58.63		129.78		131.72		234.21		58.65		51.05		93.34		75.02		14.86		60.80		27.67		0.00

		Temp-corrected specific consumption		g/liter		121.92		76.54		76.18		72.58		67.82		134.75		52.29		114.79		114.77		208.16		49.66		46.60		83.97		65.95		12.94		53.30		23.75		0.00

		Firepower		watts		8243		6207		5809		8004		7944		8685		7580		8439		10498		9626		4003		2761		5443		6735		1915		1322		1859		2386

		Equivalent Dry Wood Consumed		g		567.6		310.0		416.0		390.9		273.6		703.2		231.3		529.6		551.8		735.6		278.7		0.0		272.9		230.9		67.0		204.3		113.0		0.0

		3. LOW POWER (SIMMER)		units		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		Burning rate		g/min		9.49		9.91		6.68		6.28		7.15		12.70		7.71		12.96		14.50		14.67		6.21		4.20		4.84		5.89		1.32		3.92		2.40		0.00

		Thermal efficiency		--		0.26		0.23		0.26		0.44		0.34		0.14		0.33		0.14		0.13		0.16		0.42		0.46		0.27		0.34		0.61		0.53		0.40		- 0

		Specific fuel consumption		g/liter		103.38		114.89		74.41		81.28		67.52		140.90		91.71		143.93		160.32		168.50		75.42		44.85		53.64		70.54		15.00		35.64		26.37		0.00

		Firepower		watts		3130		3298		2235		2078		2385		4180		2550		4253		4796		4531		2059		1400		2586		3174		1072		1322		1799		1383

		Turn down ratio		--		2.77		1.99		2.64		3.92		3.85		2.03		3.11		1.99		2.24		2.04		1.88		1.97		2.10		2.82		1.89		1.00		1.10		0.00

		Equivalent Dry Wood Consumed		g		419.4		279.1		192.8		221.5		208.8		392.5		214.9		401.3		409.0		448.8		276.5		0.0		157.9		137.6		41.3		0.0		96.0		0.0

						0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

						0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		Net Calorific Value (dry)		kJ/kg		19,260		19,260		19,260		19,260		19,260		19,260		19,260		19,260		19,260		19,260		19,260		19,260		31,680		31,680		47,490		20,417		43,500		0

		Moisture Content				11%		11%		11%		11%		11%		11%		11%		11%		11%		11%		12%		12%		6%		6%		0%		0%		0%		0%

		Effective Calorific Fuel Value		kJ/kg		17,302		17,332		17,332		17,334		17,281		17,384		17,384		17,384		17,345		17,384		17,258		17,196		29,983		29,983		47,490		20,417		43,500		0

		Temp-Corr Time to Boil		min		23.8		24.0		22.7		18.1		14.1		54.5		18.7		40.1		30.4		47.8		19.6		23.7		34.5		34.0		20.9		NO		40.7		69.9

		Energy Consumption Rate		kJ/min		408		327		261		343		393		363		310		397		541		521		200		124		291		289		136		81		104		0

		Temp-Corr Specific Energy Consumption		kJ/liter		2,024		1,619		1,262		1,293		1,122		2,437		843		1,869		1,942		5,338		816		755		2,081		2,035		589		1,132		916		0

						605		865		432		503		411		0		0		0		0		0		264		0		0		0		0		267		0		0

		Total Energy Consumed		kJ		11,282		8,968		6,853		7,152		6,213		23,080		6,914		18,530		19,356		28,032		4,587		3,558		11,370		11,540		1,606		5,558		4,959		0

						0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		Temp-Corr Time to Boil		min		29.6		19.7		21.9		13.9		13.9		38.9		13.6		29.6		25.6		29.5		19.4		23.7		42.7		22.7		25.0		NO		43.1		70.0

		Energy Consumption Rate		kJ/min		431		318		296		428		412		420		377		413		489		571		214		124		297		392		114		0		105		0

						0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

						0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		Temp-Corr Specific Energy Consumption		kJ/liter		2,160		1,298		1,337		1,223		1,149		2,006		759		1,463		1,474		3,642		856		755		2,321		1,821		593		1,132		911		0

						877		726		535		523		481		0		0		0		0		0		302		0		0		0		0		0		0		0

		Total Energy Consumed		kJ		11,766		7,173		7,220		6,784		6,314		18,322		6,021		13,811		14,369		19,245		4,809		3,558		12,191		10,357		1,631		0		5,307		0

						0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		Energy Consumption Rate		kJ/min		161		143		111		114		107		228		125		233		237		261		106		124		161		141		65		0		93		0

						0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		Temp-Corr Specific Energy Consumption		kJ/liter		1,807		1,580		1,216		1,364		1,175		2,493		1,475		2,599		2,592		2,989		1,266		1,132		1,759		1,674		743		757		1,011		0

						0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

						413.128		278.432		0		414.1722488038		305.552		0		0		0		0		0		309.72		0		0		0		0		0		0		0

		Total Energy Consumed		kJ		7,265		6,455		4,977		5,137		4,813		10,239		5,609		10,490		10,648		11,734		4,773		5,337		7,259		6,332		2,949		0		4,176		0

						0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

						0:00:00		0:00:00		0:00:00		0:00:00		0:00:00		0:00:00		0:00:00		0:00:00		0:00:00		0:00:00		0:00:00		0:00:00		0:00:00		0:00:00		0:00:00		0:00:00		0:00:00		0:00:00

		Totals				0:00:00		0:00:00		0:00:00		0:00:00		0:00:00		0:00:00		0:00:00		0:00:00		0:00:00		0:00:00		0:00:00		0:00:00		0:00:00		0:00:00		0:00:00		0:00:00		0:00:00		0:00:00

		CO		grams		26.50		29.25		5.27		18.01		24.59		26.93		13.03		16.47		32.89		52.83		6.49		3.64		73.97		105.09		0.64		26.73		5.43		0.00

		CO2		grams		818		737		836		628		515		1983		372		1700		1730		2382		510		525		524		665		281		630		409		0

		HC(propane)		grams(propane)		1.7405		2.0569		0.5386		1.5064		1.5081		5.1406		1.4423		2.6841		2.4597		4.1091		1.2411		2.3581		8.0845		7.7670		0.9349		5.3471		0.7374		0.0000

		appx PM		mg		1793		5294		997		1847		1887		983		662		903		1437		5535		6		14		1026		1155		2		2		2		0

		CO/CO2ratio				0.0572		0.0648		0.0101		0.0478		0.0752		0.0200		0.0539		0.0147		0.0286		0.0349		0.0201		0.0109		0.2219		0.2522		0.0043		0.0693		0.0208		0.0000

		Flame Temp		degrees C		485		159		226		155		282		11		12		12		396		13		228		366		181		312		13		325		479		0

						0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		Totals				0:00:00		0:00:00		0:00:00		0:00:00		0:00:00		0:00:00		0:00:00		0:00:00		0:00:00		0:00:00		0:00:00		0:00:00		0:00:00		0:00:00		0:00:00		0:00:00		0:00:00		0:00:00

		CO		grams		28.91		20.22		6.50		16.39		26.19		17.40		12.46		13.18		17.19		27.41		5.14		3.64		75.57		85.79		0.50		26.73		5.06		0.00

		CO2		grams		934		669		784		523		523		1726		369		1549		1361		1442		504		525		577		630		323		630		434		0

		HC(propane)		grams(propane)		2.3698		2.0739		0.7755		1.5788		1.9752		5.1970		2.0540		3.1776		3.1035		3.1484		1.5259		2.3581		10.8352		18.7060		1.5905		5.3471		1.6961		0.0000

		appx PM gr		mg		2004		3751		594		2255		2642		933		813		835		1483		4343		48		14		1149		1656		1		2		3		0

		CO/CO2ratio				0.0533		0.0479		0.0137		0.0523		0.0804		0.0148		0.0529		0.0146		0.0193		0.0302		0.0182		0.0109		0.2279		0.1579		0.0025		0.0693		0.0185		0.0000

		Flame Temp		degrees C		300		155		177		164		301		13		13		13		442		13		251		366		214		360		13		325		341		0

						0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		Totals				0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		CO		grams		31.43		24.71		9.95		29.90		21.88		12.80		12.87		11.96		18.10		14.06		4.52		5.46		43.41		56.89		0.02		17.88		3.11		0.00

		CO2		grams		815		682		830		735		661		1254		654		1010		1141		1077		664		788		359		522		341		421		403		0

		HC(propane)		grams(propane)		3.6547		3.8498		2.6255		4.1328		3.4533		5.8437		4.8623		4.1460		4.2688		4.3466		3.5576		3.5372		7.8860		10.9529		4.3930		3.5753		2.0206		0.0000

		appx PM gr		grams		281		948		MISS		663		421		340		264		446		671		1044		25		22		162		169		2		1		5		0

		CO/CO2ratio				0.0694		0.0594		0.0188		0.0645		0.0525		0.0168		0.0304		0.0205		0.0247		0.0201		0.0117		0.0109		0.2251		0.1726		0.0001		0.0693		0.0119		0.0000

		Flame Temp				207		77		121		62		70		13		14		12		277		13		180		0		187		202		11		217		317		0

						0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		(Corrected for water temp and Moisture)				0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000

		Correction Factor		0.1408		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000

		CO		gr/liter		3.6351		3.7049		0.8044		2.3990		3.3932		2.3540		1.1894		1.2863		2.6733		8.1161		0.9190		0.5488		12.7035		15.5781		0.1164		4.2546		0.8918		0.0000

		CO2		gr/liter		112.0006		94.4812		126.7232		82.3402		71.3697		172.6200		33.9872		132.9404		139.3402		365.8552		71.9071		79.2075		90.0783		98.5886		50.3029		128.8701		68.2801		0.0000

		HC(propane)		gr/liter		0.2385		0.2604		0.0800		0.1990		0.2090		0.4454		0.1327		0.2106		0.1952		0.6313		0.1759		0.3557		1.3648		1.1513		0.1661		1.1000		0.1157		0.0000

		appx PM mg		mg/liter		238.2039		652.9593		162.3765		265.2436		283.4517		83.1819		62.6387		71.8650		111.7469		851.8434		0.8663		2.1627		50.2483		102.5396		0.2854		0.3755		0.4546		0.0000

						0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000

						0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		Not including ramp test		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000

						0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000

		Correction Factor		0.1446		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000

		CO		gr/liter		4.0321		2.4414		0.9921		2.2284		3.6219		1.5561		1.1529		1.0826		1.3988		4.0083		0.7203		0.5488		13.2394		12.7283		0.0907		4.2546		0.8347		0.0000

		CO2		gr/liter		130.2379		82.4174		119.2356		69.2491		72.3851		153.5459		34.0263		127.0328		109.4260		211.2221		71.3950		79.2075		102.0851		93.3947		58.1523		128.8701		71.1966		0.0000

		HC(propane)		gr/liter		0.3298		0.2511		0.1155		0.2118		0.2757		0.4603		0.1871		0.2610		0.2401		0.4607		0.2141		0.3557		1.8575		2.7752		0.2848		1.1000		0.2874		0.0000

		appx PM mg		mg/liter		277.0760		414.9405		95.4476		324.7657		392.1768		78.5652		72.2213		69.3188		112.0330		642.2649		6.7223		2.1627		38.6633		96.6982		0.2511		0.3755		0.5829		0.0000

						0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000

						0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000

						0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000

		Correction Factor		0.2274		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000

		CO		gr/liter		7.3046		7.0095		2.1654		7.3922		5.0520		2.8703		3.2840		2.7024		4.2671		3.5458		1.0222		0.8232		9.5875		12.8843		0.0046		2.8448		0.7004		0.0000

		CO2		gr/liter		185.1880		185.2308		180.5102		178.7203		154.5302		280.5839		166.6359		224.6289		269.0215		266.7382		152.4690		118.8113		82.6742		118.2473		85.7806		86.1687		94.5210		0.0000

		HC(propane)		gr/liter		0.8474		1.0770		0.5715		0.9864		0.8090		1.3105		1.2417		0.9257		1.0003		1.0712		0.8266		0.5335		1.7700		2.4806		1.1048		0.7355		0.4944		0.0000

		appx PM mg		mg/liter		214.9977		323.4849		128.9121		175.4471		92.2347		77.6056		68.1982		105.3058		156.6180		273.3383		5.7257		3.2441		7.5531		17.7353		0.6331		0.2511		1.3829		0.0000

						0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000

		DILUTION RATIO				5.1255		4.7426		4.8484		4.9880		5.2141		3.9097		14.6276		15.1635		5.0021		5.1713		5.0200		0.0000		3.1378		4.6135		2.5964		3.1321		14.9754		0.0000

						0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		AVERAGE OF HOT AND COLD START				0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

						0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		Time to Boil (temp-corrected)		min		26.69		21.84		22.29		15.99		14.00		46.73		16.17		34.82		28.00		38.63		19.50		23.75		38.62		28.35		22.98		NO		41.89		69.95

		Temp-Corrected Specific Consumption		g/L		120.18		84.33		72.12		77.30		70.37		132.43		52.35		111.54		116.87		234.23		49.76		46.91		81.14		68.30		12.82		53.30		23.00		0.00

		Temp-Corr Specific Energy Consumption		kJ/L		2091.87		1458.46		1299.32		1257.74		1135.57		2221.74		800.88		1666.19		1708.19		4490.09		836.17		754.73		2200.86		1928.27		590.92		1132.16		913.49		0.00

		Firepower		W		8001.96		6490.30		5670.31		7902.64		8036.66		8444.21		7078.41		8325.55		10663.36		9312.02		4047.99		2708.92		5650.63		6262.64		1930.36		1321.90		1917.90		2236.41

		Thermal Efficiency		%		0.20		0.25		0.34		0.29		0.30		0.19		0.43		0.22		0.20		0.15		0.42		0.45		0.18		0.18		0.68		0.53		0.52		0.25

						0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		COOKING TASKS				0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

						0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		CO TO BOIL		g/L		3.83		3.07		0.90		2.31		3.51		1.96		1.17		1.18		2.04		6.06		0.82		0.55		12.97		14.15		0.10		4.25		0.86		0.00

		CO To Simmer		g/L		7.30		7.01		2.17		7.39		5.05		2.87		3.28		2.70		4.27		3.55		1.02		0.82		9.59		12.88		0.00		2.84		0.70		0.00

		CO TO COOK		g/L		11.14		10.08		3.06		9.71		8.56		4.83		4.46		3.89		6.30		9.61		1.84		1.37		22.56		27.04		0.11		7.10		1.56		0.00

						0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		PM To Boil		mg/L		257.64		533.95		128.91		295.00		337.81		80.87		67.43		70.59		111.89		747.05		3.79		2.16		44.46		99.62		0.27		0.38		0.52		0.00

		PM to Simmer		mg/L		215.00		323.48		128.91		175.45		92.23		77.61		68.20		105.31		156.62		273.34		5.73		3.24		7.55		17.74		0.63		0.25		1.38		0.00

		PM to Cook		mg/L		472.64		857.43		257.82		470.45		430.05		158.48		135.63		175.90		268.51		1020.39		9.52		5.41		52.01		117.35		0.90		0.63		1.90		0.00

						0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		CO2 to Boil		g/L		121.12		88.45		122.98		75.79		71.88		163.08		34.01		129.99		124.38		288.54		71.65		79.21		96.08		95.99		54.23		128.87		69.74		0.00

		CO2 to Simmer		g/L		185.19		185.23		180.51		178.72		154.53		280.58		166.64		224.63		269.02		266.74		152.47		118.81		82.67		118.25		85.78		86.17		94.52		0.00

		CO2 to Cook		g/L		306.31		273.68		303.49		254.51		226.41		443.67		200.64		354.62		393.40		555.28		224.12		198.02		178.76		214.24		140.01		215.04		164.26		0.00

						0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		HC to Boil		g/L		0.28		0.26		0.10		0.21		0.24		0.45		0.16		0.24		0.22		0.55		0.19		0.36		1.61		1.96		0.23		1.10		0.20		0.00

		HC to Simmer		g/L		0.85		1.08		0.57		0.99		0.81		1.31		1.24		0.93		1.00		1.07		0.83		0.53		1.77		2.48		1.10		0.74		0.49		0.00

		HC to Cook		g/L		1.13		1.33		0.67		1.19		1.05		1.76		1.40		1.16		1.22		1.62		1.02		0.89		3.38		4.44		1.33		1.84		0.70		0.00

						0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

						0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		Average CO/CO2 Ratio for Boil				0.0552		0.0564		0.0119		0.0501		0.0778		0.0174		0.0534		0.0147		0.0239		0.0325		0.0192		0.0109		0.2249		0.2050		0.0034		0.0693		0.0197		0.0000

		CO/CO2 Ratio for Simmer				0.0694		0.0594		0.0188		0.0645		0.0525		0.0168		0.0304		0.0205		0.0247		0.0201		0.0117		0.0109		0.2251		0.1726		0.0001		0.0693		0.0119		0.0000

		BOILING				0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		EF CO		g/kg		49.82		50.61		20.91		61.21		62.08		17.65		30.93		15.21		22.74		23.86		14.71		14.95		167.38		194.73		3.89		79.82		31.67		0.00

		EF CO2		g/kg		1370.16		1373.72		2071.15		1605.00		1641.98		1623.22		1392.79		1388.10		1419.26		1378.78		1790.50		2157.97		1326.31		1542.98		5033.18		2417.73		3327.16		0.00

		EF PM		g/kg		1.15		2.68		0.88		1.86		2.45		0.30		0.47		0.28		0.40		1.85		0.03		0.02		0.33		0.72		0.01		0.00		0.01		0.00

		EF HC		g/kg		5.06		6.69		4.57		7.52		7.62		6.45		9.73		4.55		4.39		4.02		8.16		9.69		25.09		32.01		47.82		20.64		14.10		0.00

						0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		16.57		0.00		0.00		0.00		0.00		0.00		0.00		0.00		114.57

						0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		2.21		0.00		Average COV for Specific CO		0.00		0.00		5.42		0.00		0.00		0.06

						0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		11.27		0.00		0.00		0.00		0.00		0.00		0.00		0.00		8.38

		benchmark fuel				1117.78		996.13		732.66		792.88		689.43		1366.63		720.29		1277.34		1385.95		2013.65		625.86		458.81		673.88		694.24		139.09		444.71		246.85		0.00

		benchmark CO				55.69		50.41		15.32		48.53		42.80		24.13		22.28		19.43		31.52		48.04		9.21		6.86		112.79		135.19		0.54		35.50		7.82		0.00

		benchmark PM				2363.19		4287.17		1289.12		2352.26		2150.24		792.40		678.14		879.49		1342.54		5101.96		47.60		27.03		260.04		586.77		4.51		3.13		9.51		0.00

																														Room conc (ug/m3)

																										stove		N		Average		Stdev

																										methanol		3		17		55		3.24

																										propane		3		50		94		1.88

																										helps		3		111		113		1.02

																										eco		3		235		287		1.22

																										uganda 2-pot		3		479		415		0.87

																										tom reed		5		1640		1431		0.87

																										kerosene		2		2932		3513		1.20

																										gyapa charcoal		3		8409		2461		0.29

																										mali charcoal		3		8437		6839		0.81

																										rocket wfp		3		8974		667		0.07

																										mud		3		13035		2233		0.17

																										vesto		1		15543		-

																										ghana wood		1		20532		-

																										open fire		5		24428		12646		0.52

																										gyapa wood		2		29749		5152		0.17

																										vita		3		33066		9194		0.28

																																		0.90





Master Chart

		

										Open Fire		Ghana Wood		WFP Rocket		Mud Surround		VITA		Justa		Uganda Two-Pot		Patsari Prototype		Onil		Ecostove		Wood Flame Fan		Wood Gas Fan		Mali Charcoal		Gyapa Charcoal		Propane		Alcohol		Kerosene		Solar				Avg No Chim		Avg Chim		Avg Fan		Avg Charcoal

																																Simmer Estimated								Simmer Estimated

		Time To Boil 5L of Water						min		26.7		21.8		22.3		16.0		14.0		46.7		16.2		34.8		28.0		38.6		19.5		23.7		38.6		28.4		23.0		NO		41.9		70.0		0.0		18.5		32.9		21.6		33.5		0

										0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0.0		0.0		0.0		0.0		0

										0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0.0		0.0		0.0		0.0		0

		Fuel Used to Boil 1L of Water						g/L		120.2		84.3		72.1		77.3		70.4		132.4		52.4		111.5		116.9		234.2		49.8		46.9		81.1		68.3		12.8		53.3		23.0		0.0		0.0		76.0		129.5		48.3		74.7		0

		Fuel Used to Simmer for 45min						g/L		103.4		114.9		74.4		81.3		67.5		140.9		91.7		143.9		160.3		168.5		75.4		44.9		53.6		70.5		15.0		35.6		26.4		0.0		0.0		84.5		141.1		60.1		62.1		0

		Fuel Used to Cook 1L of Food						g/L		223.6		199.2		146.5		158.6		137.9		273.3		144.1		255.5		277.2		402.7		125.2		91.8		134.8		138.8		27.8		88.9		49.4		0.0		0.0		160.6		270.6		108.5		136.8		0

										0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0.0		0.0		0.0		0.0		0

		Energy Used to Boil 1L of water						kJ/L		2,092		1,458		1,299		1,258		1,136		2,222		801		1,666		1,708		4,490		836		755		2,201		1,928		591		1,132		913		0		0		1287.8		2177.4		795.5		2064.6		0

		Energy Used to Simmer 1L of water						kJ/L		1,807		1,580		1,216		1,364		1,175		2,493		1,475		2,599		2,592		2,989		1,266		1,132		1,759		1,674		743		757		1,011		0		0		1333.7		2429.5		1199.0		1716.8		0

		Energy Used to Cook 1L of Food						kJ/L		3,899		3,038		2,516		2,621		2,311		4,715		2,276		4,265		4,301		7,479		2,102		1,887		3,960		3,603		1,334		1,889		1,925		0		0		2621.4		4606.9		1994.4		3781.3		0

										0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0.0		0.0		0.0		0.0		0

		Boil Firepower						Watts		8,002		6,490		5,670		7,903		8,037		8,444		7,078		8,326		10,663		9,312		4,048		2,709		5,651		6,263		1,930		1,322		1,918		2,236		0		7025.0		8764.7		3378.5		5956.6		0

		Simmer Firepower						Watts		3,130		3,298		2,235		2,078		2,385		4,180		2,550		4,253		4,796		4,531		2,059		1,400		2,586		3,174		1,072		1,322		1,799		1,383		0		2498.8		4061.9		1729.4		2880.0		0

										0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0.0		0.0		0.0		0.0		0

		Boil Efficiency								20%		25%		34%		29%		30%		19%		43%		22%		20%		15%		42%		45%		18%		18%		68%		53%		52%		25%		0%		0.3		0.2		0.4		0.2		0%

		Simmer Efficiency								26%		23%		26%		44%		34%		14%		33%		14%		13%		16%		42%		46%		27%		34%		61%		53%		40%		0%		0%		0.3		0.2		0.4		0.3		0%

										0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		TDR								2.8		2.0		2.6		3.9		3.8		2.0		3.1		2.0		2.2		2.0		1.9		2.0		2.1		2.8		1.9		1.0		1.1		0.0		0.0		3.1		2.3		1.9		2.5		0

										0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0.0		0.0		0.0		0.0		0

		CO Released				to Boil		g/L		3.83		3.07		0.90		2.31		3.51		1.96		1.17		1.18		2.04		6.06		0.82		0.55		12.97		14.15		0.10		4.25		0.86		0.00		0.00		2.4		2.5		0.7		13.6		0

						To Simmer		g/L		7.30		7.01		2.17		7.39		5.05		2.87		3.28		2.70		4.27		3.55		1.02		0.82		9.59		12.88		0.00		2.84		0.70		0.00		0.00		5.4		3.3		0.9		11.2		0

						To Cook		g/L		11.14		10.08		3.06		9.71		8.56		4.83		4.46		3.89		6.30		9.61		1.84		1.37		22.56		27.04		0.11		7.10		1.56		0.00		0.00		7.9		5.8		1.6		24.8		0

						Kitchen		ppm		394		487		102		294		478		NA		10		NA		0		1		93		88		766		1150		4		57		191		0		0		340.4		3.4		90.3		957.7		0

										0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.0		0.0		0.0		0.0		0

		PM Released				To Boil		mg/L		257.64		533.95		128.91		295.00		337.81		80.87		67.43		70.59		111.89		747.05		3.79		2.16		44.46		99.62		0.27		0.38		0.52		0.00		0.00		323.92		215.57		2.98		72.04		0.00

						To Simmer		mg/L		215.00		323.48		128.91		175.45		92.23		77.61		68.20		105.31		156.62		273.34		5.73		3.24		7.55		17.74		0.63		0.25		1.38		0.00		0.00		180.02		136.21		4.48		12.64		0.00

				FET		To Cook		mg/L		472.64		857.43		257.82		470.45		430.05		158.48		135.63		175.90		268.51		1020.39		9.52		5.41		52.01		117.35		0.90		0.63		1.90		0.00		0.00		503.94		351.78		7.46		84.68		0.00

				KIT		Kitchen		ug/m3		14,972		26,676		8,974		13,035		24,759		NA		479		NA		111		235		2,152		2,204		8,437		8,409		51		17		2,932		0		0		18361.0		275.1		2177.8		8422.8		0

										0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		CO2 Released				To Boil				121.12		88.45		122.98		75.79		71.88		163.08		34.01		129.99		124.38		288.54		71.65		79.21		96.08		95.99		54.23		128.87		69.74		0.00		0.00		0		0		0		0		0

						To Simmer				185.19		185.23		180.51		178.72		154.53		280.58		166.64		224.63		269.02		266.74		152.47		118.81		82.67		118.25		85.78		86.17		94.52		0.00		0.00		0		0		0		0		0

						To Cook				306.31		273.68		303.49		254.51		226.41		443.67		200.64		354.62		393.40		555.28		224.12		198.02		178.76		214.24		140.01		215.04		164.26		0.00		0.00		0		0		0		0		0

										0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		HC Released				To Boil				0.28		0.26		0.10		0.21		0.24		0.45		0.16		0.24		0.22		0.55		0.19		0.36		1.61		1.96		0.23		1.10		0.20		0.00		0.00		0		0		0		0		0

						To Simmer				0.85		1.08		0.57		0.99		0.81		1.31		1.24		0.93		1.00		1.07		0.83		0.53		1.77		2.48		1.10		0.74		0.49		0.00		0.00		0		0		0		0		0

						To Cook				1.13		1.33		0.67		1.19		1.05		1.76		1.40		1.16		1.22		1.62		1.02		0.89		3.38		4.44		1.33		1.84		0.70		0.00		0.00		0		0		0		0		0

										0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

										0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		CO/CO2 Ratio				Boil				0.055		0.056		0.012		0.050		0.078		0.017		0.053		0.015		0.024		0.033		0.019		0.011		0.225		0.205		0.003		0.069		0.020		0.000		0.000		0		0		0		0		0

						Simmer				0.069		0.059		0.019		0.065		0.053		0.017		0.030		0.021		0.025		0.020		0.012		0.011		0.225		0.173		0.000		0.069		0.012		0.000		0.000		0		0		0		0		0

										0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		Safety Score								21		32		33		33		29		38		37		36		39		34		35		33		33		32		33		37		35		32

										0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000

		Cost to Purchase								$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0

		Cost to Use								$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0

		Emission Factors				EF CO		g/kg		49.82		50.61		20.91		61.21		62.08		17.65		30.93		15.21		22.74		23.86		14.71		14.95		167.38		194.73		3.89		79.82		31.67		0.00

						EF CO2		g/kg		1370.16		1373.72		2071.15		1605.00		1641.98		1623.22		1392.79		1388.10		1419.26		1378.78		1790.50		2157.97		1326.31		1542.98		5033.18		2417.73		3327.16		0.00

						EF PM		g/kg		1.15		2.68		0.88		1.86		2.45		0.30		0.47		0.28		0.40		1.85		0.03		0.02		0.33		0.72		0.01		0.00		0.01		0.00

						EF HC		g/kg		5.06		6.69		4.57		7.52		7.62		6.45		9.73		4.55		4.39		4.02		8.16		9.69		25.09		32.01		47.82		20.64		14.10		0.00





20 Questions

		SORTED DATA										Graphs Below

								stove		Alcohol		Solar		Justa		Kerosene		Ecostove		Mali Charcoal		Patsari Prototype		Gyapa Charcoal		Onil		Open Fire		Wood Gas Fan		Propane		WFP Rocket		Ghana Wood		Wood Flame Fan		Uganda Two-Pot		Mud/Sawdust		VITA								CO Kitchen		Gyapa Char		Mali Char		Ghana Wood		VITA		Open Fire		Mud/Sawdust		Kerosene		WFP Rocket		Wood Flame Fan		Wood Gas Fan		Alcohol		Uganda Two-Pot		Propane		Ecostove		Onil		Justa		Patsari Prototype		Solar

		Time To Boil 5L of Water								NO		70.0		46.7		41.9		38.6		38.6		34.8		28.4		28.0		26.7		23.7		23.0		22.3		21.8		19.5		16.2		16.0		14.0								sort by kit		27.04		22.56		10.08		8.56		11.14		9.71		1.56		3.06		1.84		1.37		7.10		4.46		0.11		9.61		6.30		4.83		3.89		0.00

																																																						1149.67		765.67		487.33		477.80		394.33		294.00		190.50		102.33		92.85		87.67		56.67		9.67		4.00		0.67		0.00		NA		NA		0.00

										Ecostove		Justa		Open Fire		Onil		Patsari Prototype		Ghana Wood		Mali Charcoal		Mud Surround		WFP Rocket		VITA		Gyapa Charcoal		Alcohol		Uganda Two-Pot		Wood Flame Fan		Wood Gas Fan		Kerosene		Propane		Solar								PM Kitchen		Ghana Wood		VITA		Open Fire		Mud Surround		WFP Rocket		Mali Charcoal		Gyapa Charcoal		Kerosene		Wood Gas Fan		Wood Flame Fan		Propane		Alcohol		Uganda Two-Pot		Ecostove		Onil		Justa		Patsari Prototype		Solar

		Fuel Used to Cook 1L of Food						g/L		234.2		132.4		120.2		116.9		111.5		84.3		81.1		77.3		72.1		70.4		68.3		53.3		52.4		49.8		46.9		23.0		12.8		0.0								sort by kit		857.43		430.05		472.64		470.45		257.82		52.01		117.35		1.90		5.41		9.52		0.90		0.63		135.63		1020.39		268.51		158.48		175.90		0.00

																																																						26676.33		24758.67		14972.25		13035.00		8974.00		8437.00		8408.67		2932.00		2203.50		2152.18		50.67		17.00		479.00		235.33		111.00		NA		NA		0.00

										Ecostove		Justa		Onil		Patsari Prototype		Mali Charcoal		Open Fire		Gyapa Charcoal		Ghana Wood		Mud Surround		WFP Rocket		VITA		Uganda Two-Pot		Wood Flame Fan		Kerosene		Alcohol		Wood Gas Fan		Propane		Solar

		Energy Used to Cook 1L of Food						kJ/L		7,479		4,715		4,301		4,265		3,960		3,899		3,603		3,038		2,621		2,516		2,311		2,276		2,102		1,925		1,889		1,887		1,334		0

										Gyapa Charcoal		Mali Charcoal		Open Fire		Ghana Wood		Mud Surround		Ecostove		VITA		Alcohol		Onil		Justa		Uganda Two-Pot		Patsari Prototype		WFP Rocket		Wood Flame Fan		Kerosene		Wood Gas Fan		Propane		Solar

		CO Released To Cook 1L						g/L		27.04		22.56		11.14		10.08		9.71		9.61		8.56		7.10		6.30		4.83		4.46		3.89		3.06		1.84		1.56		1.37		0.11		0.00

						Kitchen		ppm		1149.67		765.67		394.33		487.33		294.00		0.67		477.80		56.67		0.00		NA		9.67		NA		102.33		92.85		190.50		87.67		4.00		0.00

		PM								Ecostove		Ghana Wood		Open Fire		Mud Surround		VITA		Onil		WFP Rocket		Patsari Prototype		Justa		Uganda Two-Pot		Gyapa Charcoal		Mali Charcoal		Wood Flame Fan		Wood Gas Fan		Kerosene		Propane		Alcohol		Solar

				FET		To Cook		mg/L		1020.39		857.43		472.64		470.45		430.05		268.51		257.82		175.90		158.48		135.63		117.35		52.01		9.52		5.41		1.90		0.90		0.63		0.00

				KIT		Kitchen		ug/m3		235.33		26676.33		14972.25		13035.00		24758.67		111.00		8974.00		NA		NA		479.00		8408.67		8437.00		2152.18		2203.50		2932.00		50.67		17.00		0.00

		Eff vs consumption								Ecostove		Justa		Open Fire		Onil		Patsari Prototype		Ghana Wood		Mali Charcoal		Mud Surround		WFP Rocket		VITA		Gyapa Charcoal		Alcohol		Uganda Two-Pot		Wood Flame Fan		Wood Gas Fan		Kerosene		Propane		Solar

		Fuel Used to Boil 1L of Water						g/L		234.2285263142		132.4281762464		120.1795461896		116.8727377388		111.5381245066		84.3340337626		81.1385726703		77.2963923113		72.1228029952		70.3662642381		68.3039500404		53.3019930982		52.3522145474		49.7555502733		46.9106590728		23.0005398293		12.8190490547		0

		simmering efficiency								0.15		0.19		0.20		0.20		0.22		0.25		0.18		0.29		0.34		0.30		0.18		0.53		0.43		0.42		0.45		0.52		0.68		0.25

		eff vs energy consumption								Ecostove		Justa		Mali Charcoal		Open Fire		Gyapa Charcoal		Onil		Patsari Prototype		Ghana Wood		WFP Rocket		Mud Surround		VITA		Kerosene		Wood Flame Fan		Uganda Two-Pot		Wood Gas Fan		Propane		Alcohol		Solar

		Energy to Boil 1L								4,490		2,222		2,201		2,092		1,928		1,708		1,666		1,458		1,299		1,258		1,136		913		836		801		755		591		1,132		0

		boiling efficiency								0.15		0.19		0.18		0.20		0.18		0.20		0.22		0.25		0.34		0.29		0.30		0.52		0.42		0.43		0.45		0.68		0.53		0.25

										Open Fire		VITA		Ghana Wood		Gyapa Charcoal		Solar		WFP Rocket		Mud Surround		Wood Gas Fan		Mali Charcoal		Propane		Ecostove		Wood Flame Fan		Kerosene		Patsari Prototype		Uganda Two-Pot		Alcohol		Justa		Onil

		safety								21		29		32		32		32		33		33		33		33		33		34		35		35		36		37		37		38		39

				Keep Scrolling Down

																										How does energy in fuel change this?





20 Questions
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Time to Boil 5L (min)

Stoves that Boil 5L of Water Faster than the Open Fire
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Fuel to Cook 1L (g)

Stoves that Use Less Fuel than the Open Fire



Charcoal
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Energy to Cook 1L (kJ)

Stoves that Less Energy than the Open Fire



GHGS
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Carbon Monoxide to Cook 1L (g)

CO Released to Cook



Costs
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Particulates to Cook 1L (mg)

PM Released to Cook



Ranks
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*Lighter colored bars show stoves with chimney which remove most smoke from the kitchen

Hood

Kitchen

CO to Cook (g)

CO in Kitchen (ppm)

CO to Cook 1L under Hood and Average CO Level in Test Kitchen



Kit Safety
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*Lighter colored bars show stoves with chimney which remove most smoke from the kitchen

Hood

Kitchen

PM to Cook (mg)

PM in Kitchen (ug/m3)

PM to Cook 1L under Hood and Average PM Level in Test Kitchen



emisquestions
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Specific Consumption

Efficiency

Specific Consumption (g/L)

Thermal Efficiency

How are Specific Consumption and Thermal Efficiency Related?



PM Study
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Specific Consumption

Thermal Efficiency

Specific Energy Consumption (kJ/L)

Efficiency (%)

Specific Energy Consumption vs Thermal Efficiency



EmisFctr

										Open Fire		Ghana Wood		WFP Rocket		Mud Surround		VITA		Justa		Uganda Two-Pot		Patsari Prototype		Onil		Ecostove		Wood Flame Fan		Wood Gas Fan		Mali Charcoal		Gyapa Charcoal		Propane		Alcohol		Kerosene		Solar				Avg No Chim		Avg Chim		Avg Fan		Avg Charcoal

		Fuel Used to Boil 1L of Water						g/L		120.2		84.3		72.1		77.3		70.4		132.4		52.4		111.5		116.9		234.2		49.8		46.9		81.1		68.3		12.8		53.3		23.0		0.0		0.0		0.0		0.0		0.0		0.0		0

		Fuel Used to Simmer for 45min						g/L		103.4		114.9		74.4		81.3		67.5		140.9		91.7		143.9		160.3		168.5		75.4		44.9		53.6		70.5		15.0		35.6		26.4		0.0		0.0		76.0		129.5		48.3		74.7		0

										223.6		199.2		146.5		158.6		137.9		273.3		144.1		255.5		277.2		402.7		125.2		91.8		134.8		138.8		27.8		88.9		49.4		0.0

		Co								3.83		3.07		0.90		2.31		3.51		1.96		1.17		1.18		2.04		6.06		0.82		0.55		12.97		14.15		0.10		4.25		0.86		0.00

										7.30		7.01		2.17		7.39		5.05		2.87		3.28		2.70		4.27		3.55		1.02		0.82		9.59		12.88		0.00		2.84		0.70		0.00

		PM								257.64		533.95		128.91		295.00		337.81		80.87		67.43		70.59		111.89		747.05		3.79		2.16		44.46		99.62		0.27		0.38		0.52		0.00

										215.00		323.48		128.91		175.45		92.23		77.61		68.20		105.31		156.62		273.34		5.73		3.24		7.55		17.74		0.63		0.25		1.38		0.00

		Time								26.693065708		21.8368357644		22.2897998098		15.9905680349		13.9989816536		46.7338530978		16.1698462824		34.8161959446		27.9998096115		38.6348228203		19.4986176671		23.7458654906		38.6217232723		28.354294611		22.9770936425		NO		41.8893799613		69.9542064371

										45		45		45		45		45		45		45		45		45		45		45		45		45		45		45		45		45		45





EmisFctr
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Fuel Used to Boil 1L

Fuel Requirement to Simmer

Fuel Used to Boil and Simmer 1L (g)

Fuel Savings Through Use of a Haybox
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CO Produced to Boil 1L

CO Emissions During Simmering

CO Produced to Boil and Simmer 1L (g)

CO Emission Savings Through Use of a Haybox
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PM Produced to Boil 1L

PM Emissions During Simmering

PM Produced to Boil and Simmer 1L (mg)

PM Emission Savings Through Use of a Haybox
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Time to Boil

Time to Simmer

Time to Boil and Simmer 5L for 45 minutes

Time Savings Through Use of a Haybox



		

						Open Fire		Average of Wood Stoves Without Chimney		Mali Charcoal		Gyapa Charcoal

				Fuel		223.5554472475		160.5551251827		134.7764086406		138.8475327523

				Energy to Cook		3,899		2621.4311627835		3,960		3,603

				Energy Lost to Making Charcoal		0		0		7920.211924808		7205.0673286016

				Time to Boil		26.693065708		18.5290463157		38.6217232723		28.354294611

				CO Emissions		11.14		7.8529281166		22.56		27.04

						4.73		5.04		0.52		1.17

				PM Emissions		472.64		503.94		52.01		117.35
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"70% to 80% of the energy in wood is used to produce the charcoal." 
(Charcoal: Small Scale Production and Use, Aprovecho/GTZ, 1984).

Energy to Cook

Energy Lost to Making Charcoal

Energy to Cook 1L (kJ)     .

Comparison of Energy Used to Cook 1L
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Time to Boil 5L

Time to Boil 5L (min)

Comparison of Time to Boil 5L
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CO

PM

CO (g) and PM (mg/100)       .

Comparison of CO and PM Emissions to Cook 1L



		

						Gyapa Char		Mali Charcoal		Alcohol		Justa		Ecostove		Uganda Two-Pot		Propane		Ghana Wood		Onil		Mud Surround		Patsari Prototype		Open Fire		VITA		Wood Flame Fan		Wood Gas Fan		Kerosene		WFP Rocket		Solar

				HC to Cook		4.44		3.38		1.84		1.76		1.62		1.40		1.33		1.33		1.22		1.19		1.16		1.13		1.05		1.02		0.89		0.70		0.67		0.00

						Ecostove		Justa		Onil		Patsari Prototype		Open Fire		WFP Rocket		Ghana Wood		Mud Surround		VITA		Wood Flame Fan		Alcohol		Gyapa Charcoal		Uganda Two-Pot		Wood Gas Fan		Mali Charcoal		Kerosene		Propane		Solar

				CO2 to Cook		555.28		443.67		393.40		354.62		306.31		303.49		273.68		254.51		226.41		224.12		215.04		214.24		200.64		198.02		178.76		164.26		140.01		0.00
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HC to Cook (g/L)

HC to Cook 1L
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CO2 to Cook (g/L)

CO2 to Cook 1L



		Gyapa Charcoal

		Mali Charcoal

		Open Fire

		Ghana Wood

		Mud Surround

		Ecostove

		Alcohol

		VITA

		Onil

		Justa

		Uganda Two-Pot

		Patsari Prototype

		WFP Rocket

		Wood Flame Fan

		Kerosene

		Wood Gas Fan

		Propane

		Solar



CO to Cook 1L (g)

CO to Cook 1L

27.0374693521

22.5589299881

11.1382614434

10.0826121216

9.7059248819

9.6080366873

9.1407089083

8.559541736

6.303088049

4.8253392669

4.4551309101

3.8868566762

3.0636337267

1.8418163491

1.5635590872

1.3719394617

0.1081441054

0



		Open Fire		Open Fire

		Ghana Wood		Ghana Wood

		WFP Rocket		WFP Rocket

		Mud Surround		Mud Surround

		VITA		VITA

		Justa		Justa

		Uganda Two-Pot		Uganda Two-Pot

		Patsari Prototype		Patsari Prototype

		Onil		Onil

		Ecostove		Ecostove

		Wood Flame Fan		Wood Flame Fan

		Wood Gas Fan		Wood Gas Fan

		Mali Charcoal		Mali Charcoal

		Gyapa Charcoal		Gyapa Charcoal

		Propane		Propane

		Alcohol		Alcohol

		Kerosene		Kerosene

		Solar		Solar
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CO

HC

CO and HC to Cook

11.1382614434

1.1314923798

10.0826121216

1.3327040464

3.0636337267

0.6692010076

9.7059248819

1.19182709

8.559541736

1.0513212611

4.8253392669

1.763385625

4.4551309101

1.4016287677

3.8868566762

1.1614825167

6.303088049

1.2179050494

9.6080366873

1.6172377304

1.8418163491

1.0215295193

1.3719394617

0.889144764

22.5589299881

3.3811344152

27.0374693521

4.44386979

0.1081441054

1.3302336983

9.1407089083

1.8354664405

1.5635590872

0.6959745382

0

0



		COSTS OF FUEL				cost to buy------>																																				COST TO BUY

												$/m3		dens kg/m3		$/g

		Methanol 3.50/gallon		$   3.50		gallon		0.0000000167				924.7027741083		791.3		0.0011685868																																3 Stone Fire		Ghana Wood		World Food		Mud/Sawdust		VITA		Justa		Uganda 2 Pot		Patsari Prototype		Onil		Ecostove		Wood Flame		Wood Gas		Mali Charcoal		Gyapa Charcoal		Solar Cooker		Propane		Alcohol		Kerosene

		Kerosene 3.25/gallon		$   3.25		gallon						858.6525759577		817.75		0.0010500184																														Cost to Buy		$   - 0		$   5.00		$   - 0		$   - 0		$   2.00		$   75.00		$   40.00		$   35.00		$   72.00		$   67.00		$   229.00		$   99.00		$   2.40		$   5.90		$   55.00		$   18.00		$   25.00		$   9.50

		Propane 2.20/gallon		$   2.20		gallon						581.2417437252		582		0.0009986972																														Rank		1		6		1		1		4		16		12		11		15		14		18		17		5		7		13		9		10		8

												$/lb				$/g

		Wood free $125		$   125.00		2000 lbs						$   0.0625				0.0001369713

		Charcoal 20lbs/$8.00		$   8.00		20lbs						$   0.40				0.0008766163

										1 lb=.4563 kg

		Electricity 15cents/kilowatt		$   0.15		kw		1 hr to cook		5W fan		0.00075		per hour

						3 Stone Fire		Ghana Wood		World Food		Mud/Sawdust		VITA		Justa		Uganda 2 Pot		Patsari Prototype		Onil		Ecostove		Wood Flame		Wood Gas		Mali Charcoal		Gyapa Charcoal		Solar Cooker		Propane		Alcohol		Kerosene

		g fuel to cook 1L				178.9		215.1		136.3		151.0		146.3		273.7		149.2		242.0		286.7		348.6		133.2		69.3		127.4		138.4		0.0		27.2		66.9		51.0

		Liters cooked per day		Cost per Month		$   11.03		$   13.26		$   8.40		$   9.31		$   9.02		$   16.87		$   9.20		$   14.92		$   17.67		$   21.48		$   8.28		$   4.34		$   50.24		$   54.59		0		$   12.21		$   35.19		$   24.08

		15

																																																				Wood Flame		Wood Gas		Justa		Onil		Ecostove		Solar Cooker		Uganda 2 Pot		Patsari Prototype		Alcohol		Propane		Kerosene		Gyapa Charcoal		Ghana Wood		Mali Charcoal		VITA		3 Stone Fire		World Food		Mud/Sawdust

		SORTED				3 Stone Fire		Ghana Wood		World Food		Mud/Sawdust		VITA		Justa		Uganda 2 Pot		Patsari Prototype		Onil		Ecostove		Wood Flame		Wood Gas		Mali Charcoal		Gyapa Charcoal		Solar Cooker		Propane		Alcohol		Kerosene										Cost to Buy		$   229.00		$   99.00		$   75.00		$   72.00		$   67.00		$   55.00		$   40.00		$   35.00		$   25.00		$   18.00		$   9.50		$   5.90		$   5.00		$   2.40		$   2.00		$   - 0		$   - 0		$   - 0

		Liters cooked per day		Cost per Month		$   11.03		$   13.26		$   8.40		$   9.31		$   9.02		$   16.87		$   9.20		$   14.92		$   17.67		$   21.48		$   8.28		$   4.34		$   50.24		$   54.59		$   - 0		$   12.21		$   35.19		$   24.08

		15
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Cost to Buy Stove

Cost to Buy Stove, $US
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Cost to Buy Stove, $US



		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Cost to Cook 1L

Monthly Fuel Cost, $US



		

				may need to add separate graphs for fuel to boil and simmer

																										How does energy in fuel change this?

																										Should we remove kero/alch/and propane?

				Recheck monthly fuel cost maths





		Solar

		Justa

		Kerosene

		Ecostove

		Mali Charcoal

		Patsari Prototype

		Gyapa Charcoal

		Onil

		Open Fire

		Wood Gas Fan

		Propane

		WFP Rocket

		Ghana Wood

		Wood Flame Fan

		Uganda Two-Pot

		Mud/Sawdust

		VITA



NO

Time to Boil 5L (min)

Time to Boil 5L of Water

69.9542064371

46.7338530978

41.8893799613

38.6348228203

38.6217232723

34.8161959446

28.354294611

27.9998096115

26.693065708

23.7458654906

22.9770936425

22.2897998098

21.8368357644

19.4986176671

16.1698462824

15.9905680349

13.9989816536



		Ecostove

		Justa

		Open Fire

		Onil

		Patsari Prototype

		Ghana Wood

		Mali Charcoal

		Mud Surround

		WFP Rocket

		VITA

		Gyapa Charcoal

		Alcohol

		Uganda Two-Pot

		Wood Flame Fan

		Wood Gas Fan

		Kerosene

		Propane

		Solar



Fuel to Cook 1L (g)

Fuel to Cook (Boil + Simmer 45min) 1L of Water

234.2285263142

132.4281762464

120.1795461896

116.8727377388

111.5381245066

84.3340337626

81.1385726703

77.2963923113

72.1228029952

70.3662642381

68.3039500404

53.3019930982

52.3522145474

49.7555502733

46.9106590728

23.0005398293

12.8190490547

0



		Ecostove

		Justa

		Onil

		Patsari Prototype

		Mali Charcoal

		Open Fire
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		Mud Surround

		WFP Rocket

		VITA

		Uganda Two-Pot

		Wood Flame Fan

		Kerosene

		Alcohol

		Wood Gas Fan

		Propane

		Solar



Energy to Cook 1L (kJ)

Energy to Cook (Boil + Simmer 45min) 1L of Water

7478.9100910548

4714.5416380836

4300.5887148161

4264.7317669894

3960.105962404

3899.2518962464

3602.5336643008

3037.9848589226

2621.3470596161

2515.743479568

2310.6492530274

2275.9611202085

2102.0326726496

1924.5847549876

1889.1736376263

1886.8285024025

1334.0996887534

0
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		Patsari Prototype

		WFP Rocket

		Wood Flame Fan
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		Wood Gas Fan

		Propane

		Solar



Carbon Monoxide to Cook 1L (g)

CO Released to Cook (Boil + Simmer 45min) 1L of Water

27.0374693521

22.5589299881

11.1382614434

10.0826121216

9.7059248819

9.6080366873

9.1407089083

8.559541736

6.303088049

4.8253392669

4.4551309101

3.8868566762
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1.5635590872
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0
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Particulates to Cook 1L (mg)

PM Released to Cook (Boil + Simmer 45min) 1L of Water

1020.3924777813

857.4348410582

472.637644287

470.4517824444

430.0489194535

268.5079128873

257.8241472387

175.8976733085

158.4791166672

135.6282009172

117.3541600631

52.0089557175

9.5199859757

5.4067531241

1.9016597546
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0.6265902548
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Safety Score out of 40

Safety Rating for Stove Design
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		Wood Flame

		Wood Gas
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		Onil
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Cost to Purchase Stove, $US

Cost to Purchase Stove $US

229

99
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72

67

55

40
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18

9.5

5.9

5

2.4
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0

0



		Stove				Open Fire		Ghana Wood		Mud Surround		VITA		WFP Rocket		Uganda Two-Pot		Onil		Ecostove		Wood Flame Fan		Wood Gas Fan		Mali Charcoal		Gyapa Charcoal		Propane		Alcohol		Kerosene		Solar

		Time to Boil (min)				27		22		16		14		22		16		28		39		19		24		39		28		23		60		42		70

		Cooking Time (hours)				1.19		1.11		1.02		0.98		1.12		1.02		1.22		1.39		1.07		1.15		1.39		1.22		1.13		1.75		1.45		1.92

		CO in Kitchen (ppm)				394		487		294		478		102		10		0		1		93		88		766		1150		4		57		191		0

		PM in Kitchen (ug/m3)				14,972		26,676		13,035		24,759		8,974		479		111		235		2,152		2,204		8,437		8,409		51		17		2,932		0

		Housr per Day basis for CO				8

		Hours per Day basis for PM				24

		Times Cooked per Day				3

						Open Fire		Ghana Wood		Mud Surround		VITA		WFP Rocket		Uganda Two-Pot		Onil		Ecostove		Wood Flame Fan		Wood Gas Fan		Mali Charcoal		Gyapa Charcoal		Propane		Alcohol		Kerosene		Solar

								Simple Stoves								Stoves with Chimney						Fan Stoves				Charcoal Stoves				Liquid Gas Stoves

		Closed Kitchen

		Level During Cooking		CO Level		394		487		294		478		102		10		0		1		93		88		766		1,150		4		57		191		0

				Health Effect

				PM Level		14,972		26,676		13,035		24,759		8,974		479		111		235		2,152		2,204		8,437		8,409		51		17		2,932		0

				Health Effect

		Daily Average		Average CO in 8 hours		177		204		112		176		43		4		0		0		37		38		400		527		2		37		103		0

				Health Effect

				Average PM in 24 hours		2,236		3,715		1,656		3,043		1,258		61		17		41		289		316		1,470		1,285		7		4		531		0

				Health Effect

		Small Hole in Roof (30% of Pollution)				30%

		Level During Cooking		CO Level		118		146		88		143		31		3		0		0		28		26		230		345		1		17		57		0

				Health Effect

				PM Level		4,492		8,003		3,911		7,428		2,692		144		33		71		646		661		2,531		2,523		15		5		880		0

				Health Effect

		Daily Average		Average CO in 8 hours		53		61		34		53		13		1		0		0		11		11		120		158		1		11		31		0

				Health Effect

				Average PM in 24 hours		671		1,114		497		913		377		18		5		12		87		95		441		386		2		1		159		0

				Health Effect

		Door Open (5% of Pollution)				5%

		Level During Cooking		CO Level		20		24		15		24		5		0		0		0		5		4		38		57		0		3		10		0

				Health Effect

				PM Level		749		1,334		652		1,238		449		24		6		12		108		110		422		420		3		1		147		0

				Health Effect

		Daily Average		Average CO in 8 hours		9		10		6		9		2		0		0		0		2		2		20		26		0		2		5		0

				Health Effect

				Average PM in 24 hours		112		186		83		152		63		3		1		2		14		16		73		64		0		0		27		0

				Health Effect

						35 ppm CO not to be exceeded for 1 hour, EPA per Rob B.												under 100 ppm for 8 hours is minimal symptoms

						9 ppm not to exceed 8 hours

						100 ppm evacuation of buildings





										Gyapa Char		Mali Char		Open Fire		Ghana Wood		Mud Surround		Ecostove		Alcohol		VITA		Onil		Justa		Uganda Two-Pot		Patsari Prototype		WFP Rocket		Wood Flame Fan		Kerosene		Wood Gas Fan		Propane		Solar				Avg No Chim		Avg Chim		Avg Fan		Avg Charcoal

								CO to Cook		27.04		22.56		11.14		10.08		9.71		9.61		7.10		8.56		6.30		4.83		4.46		3.89		3.06		1.84		1.56		1.37		0.11		0.00

										1.17		0.52		4.73		8.57		4.70		10.20		0.01		4.30		2.69		1.58		1.36		1.76		2.58		0.10		0.02		0.05		0.01		0.00

								PM to Cook		117.35		52.01		472.64		857.43		470.45		1020.39		0.63		430.05		268.51		158.48		135.63		175.90		257.82		9.52		1.90		5.41		0.90		0.00

				Kitchen Chimney Emissions

				Uganda Two-Pot		Onil		Ecostove																Gyapa Charcoal		Mali Charcoal		Open Fire		Ghana Wood		Mud Surround		Ecostove		Alcohol		VITA		Onil		Justa		Uganda Two-Pot		Patsari Prototype		WFP Rocket		Wood Flame Fan		Kerosene		Wood Gas Fan		Propane		Solar

		CO		10		0		1														CO/CO2 to Boil		0.2050478915		0.224886335		0.0552219408		0.0563590149		0.0500925097		0.032512322		0.0692528441		0.0777958981		0.0239442855		0.0173897151		0.0534058715		0.0146706152		0.0119041919		0.0191724083		0.0196519123		0.0108873747		0.0034264268		0

		PM		479		111		235														CO/CO2 to Simmer		0.1726312325		0.2251136377		0.0694481401		0.0594178554		0.0645090777		0.0200735581		0.0692528441		0.0525054613		0.0247369472		0.0168390595		0.0304427188		0.0205192317		0.0188020018		0.0116731303		0.0118809696		0.0108873747		0.0000839953		0

																						CO to Cook		27.04		22.56		11.14		10.08		9.71		9.61		7.10		8.56		6.30		4.83		4.46		3.89		3.06		1.84		1.56		1.37		0.11		0.00
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PM (ug/m3)     .

CO and PM Emitted by Chimney Stoves in the Test Kitchen
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CO to Cook

PM to Cook

CO to Cook 1L (g)      .

PM to Cook 1L (mg)       .

Relation of CO and PM for a Cooking Task
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CO/CO2 to Boil

CO/CO2 to Simmer

CO to Cook

CO/CO2 Ratio

CO to Cook (g/L)

Comparison of CO/CO2 Ratio and CO Produced



										VITA		Ghana Wood		Open Fire		Mud Surround		WFP Rocket		Mali Charcoal		Gyapa Charcoal		Kerosene		Wood Gas Fan		Uganda Two-Pot		Ecostove		Onil		Propane		Alcohol		Justa		Patsari Prototype		Wood Flame Fan		Solar

		PM Released				Cold start		mg/L		338		534		258		295		129		44		100		1		2		67		747		112		0		0		81		71		4		0		0.00

						Hot Start				392		415		277		325		95		39		97		1		2		72		642		112		0		0		79		69		7		0

						To Simmer		mg/L		92		323		215		175		129		8		18		1		3		68		273		157		1		0		78		105		6		0		0.00

				FET		To Cook		mg/L		430		857		473		470		258		52		117		2		5		136		1020		269		1		1		158		176		10		0		0.00

				KIT		Kitchen		ug/m3		24759		26676		14972		13035		8974		8437		8409		2932		2204		479		235		111		51		17		0		0		0		0		0

						Kit factored		30		825.2888888889		889.2111111111		499.075		434.5		299.1333333333		281.2333333333		280.2888888889		97.7333333333		73.45		15.9666666667		7.8444444444		3.7		1.6888888889		0.5666666667		0		0		0		0
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		Alcohol

		VITA

		Onil

		Justa
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		WFP Rocket

		Wood Flame Fan
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		Wood Gas Fan

		Propane
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Carbon Monoxide to Cook 1L (g)

CO Released to Cook

11.1382614434

10.0826121216
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Particulates to Cook 1L (mg)

PM Released to Cook

472.637644287

470.4517824444

430.0489194535

268.5079128873

257.8241472387

175.8976733085
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0
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*Lighter colored bars show chimneyed stoves which remove most smoke from the kitchen

Hood

Kitchen

CO to Cook (g)

CO in Kitchen (ppm)

CO to Cook 1L and Average CO Level in Test Kitchen

27.0374693521

1149.6666666667

22.5589299881

765.6666666667

10.0826121216

487.3333333333

8.559541736

477.8

11.1382614434

394.3333333333

9.7059248819

294

1.5635590872

190.5

3.0636337267

102.3333333333

1.8418163491

92.85

1.3719394617

87.6666666667

9.1407089083

56.6666666667

4.4551309101

9.6666666667

0.1081441054
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9.6080366873

0.6666666667

6.303088049

0

4.8253392669

0

3.8868566762

0
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*Lighter colored bars show chimneyed stoves which remove most smoke from the kitchen

Hood

Kitchen

PM to Cook (mg)

PM in Kitchen (ug/m3)

PM to Cook 1L and Average PM Level in Test Kitchen

430.0489194535

24758.6666666667

472.637644287

14972.25

470.4517824444

13035

257.8241472387

8974

52.0089557175

8437

117.3541600631

8408.6666666667

1.9016597546

2932

5.4067531241

2203.5

9.5199859757

2152.175

0.9013736503

50.6666666667

0.6265902548
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135.6282009172

479

1020.3924777813

235.3333333333

268.5079128873

111

158.4791166672

0

175.8976733085

0
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cold start

hot start

kitchen

PM in Hood (g/L)

PM in Kitchen (ug/m3)

PM Variation
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		Emission Factors

										Gyapa Charcoal		Mali Charcoal		Alcohol		VITA		Mud Surround		Ghana Wood		Open Fire		Kerosene		Uganda Two-Pot		Ecostove		Onil		WFP Rocket		Justa		Patsari Prototype		Wood Gas Fan		Wood Flame Fan		Propane		Solar				Avg No Chim		Avg Chim		Avg Fan		Avg Charcoal

								EF CO		194.73		167.38		79.82		62.08		61.21		50.61		49.82		31.67		30.93		23.86		22.74		20.91		17.65		15.21		14.95		14.71		3.89		0.00

								EF HC		32.01		25.09		20.64		7.62		7.52		6.69		5.06		14.10		9.73		4.02		4.39		4.57		6.45		4.55		9.69		8.16		47.82		0.00

								EF PM*100		71.75		32.98		0.42		244.99		186.03		268.01		115.25		1.05		46.81		185.50		40.37		87.98		29.59		27.63		2.36		3.03		0.96		0.00

								EF PM		0.72		0.33		0.00		2.45		1.86		2.68		1.15		0.01		0.47		1.85		0.40		0.88		0.30		0.28		0.02		0.03		0.01		0.00
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Emission Factors
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Chart11

		Weyer Dung Stove

		Open Fire

		Ghana Wood

		WFP

		Mud Surround

		VITA



proposed benchmark

CO to Cook 5L (20) g

CO (g)

CO to Cook 5L Water

31.14

55.6913072169

50.4130606081

15.3181686337

48.5296244093

42.7977086802



Sheet1

		Stove type/model				Dung Stove		Dung Stove

		Location				Aprovecho		Aprovecho

		Wood species				cow dung		cow dung

		Date				2/3/06		2/7/06

		Basic Operation

		1. HIGH POWER TEST (COLD START)		units

		Time to boil Pot # 1		min		16		20

		Burning rate		g/min		38.23		33.76

		Thermal efficiency		--		23%		20%

		Specific fuel consumption		g/liter		126.16		139.72

		Temp-corrected specific consumption		g/liter		106.44		127.79

		Firepower		watts		10135		8949

		Equivalent Dry Wood Consumed		g		611.6		675.1				18

		2. HIGH POWER TEST (HOT START)		units		Test 1		Test 1

		Time to boil Pot # 1		min		19		18

		Burning rate		g/min		54.51		42.15

		Thermal efficiency		--		13%		18%

		Specific fuel consumption		g/liter		213.63		156.87

		Temp-corrected specific consumption		g/liter		180.23		133.85

		Firepower		watts		14451		11174

		Equivalent Dry Wood Consumed		g		1035.7		758.6

		3. LOW POWER (SIMMER)		units		Test 1		Test 1

		Burning rate		g/min		14.04		14.97

		Thermal efficiency		--		20%		18%

		Specific fuel consumption		g/liter		177.53		169.18

		Firepower		watts		3722		3968

		Turn down ratio		--		3.30		2.54

		Equivalent Dry Wood Consumed		g		687.9		673.5

		Energy Consumption

		Net Calorific Value (dry)		kJ/kg		15,907		15,907

		Moisture Content				5%		5%

		Effective Calorific Fuel Value		kJ/kg		15,178		15,178

		Temp-Corr Time to Boil		min		13.5		18.3

		Energy Consumption Rate		kJ/min		580		512

		Temp-Corr Specific Energy Consumption		kJ/liter		1,616		1,940

		Dry Wood Consumed		g		789		725

		Total Energy Consumed		kJ		9,284		10,247

		Temp-Corr Time to Boil		min		16.0		15.4

		Energy Consumption Rate		kJ/min		827		640

		Temp-Corr Specific Energy Consumption		kJ/liter		2,736		2,032

		Dry Wood Consumed		g		919		789

		Total Energy Consumed		kJ		15,720		11,515

		Energy Consumption Rate		kJ/min		213		227

		Temp-Corr Specific Energy Consumption		kJ/liter		2,695		2,568

		Dry Wood Consumed		g		692		704

		Total Energy Consumed		kJ		10,441		10,223

		Total Emissions

		Totals				(cold start)		(cold start)

		CO		grams		10.29		7.76

		CO2		grams		613		756

		HC(propane)		grams(propane)		1.0864		1.4369

		appx PM		mg		967		1

		CO/CO2ratio				0.0264		0.0161

		Flame Temp		degrees C		11		10

		Totals				(hot start)		(hot start)

		CO		grams		8.84		7.26

		CO2		grams		647		660

		HC(propane)		grams(propane)		1.5547		1.3351

		appx PM gr		mg		835		423

		CO/CO2ratio				0.0215		0.0173

		Flame Temp		degrees C		10		11

		Totals				(simmer)		(simmer)

		CO		grams		21.01		20.14

		CO2		grams		1019		788

		HC(propane)		grams(propane)		4.7016		3.4811

		appx PM gr		grams		707		945

		CO/CO2ratio				0.0324		0.0402

		Flame Temp				10		10

		Specific Emissions

		Correction Factor		0.1284

		CO		gr/liter		1.3215		1.3022

		CO2		gr/liter		78.6904		126.8246

		HC(propane)		gr/liter		0.1395		0.2410

		appx PM mg		mg/liter		124.1960		68.2229

		(Corrected for water temp and Moisture)

		Correction Factor		0.1868

		CO		gr/liter		1.6504		1.1717

		CO2		gr/liter		120.8797		106.5653

		HC(propane)		gr/liter		0.2904		0.2156

		appx PM mg		mg/liter		155.8830		68.2229

		Correction Factor		0.2442

		CO		gr/liter		5.1296		4.6035

		CO2		gr/liter		248.8568		180.0871

		HC(propane)		gr/liter		1.1481		0.7959

		appx PM mg		mg/liter		172.6391		216.1421

		DILUTION RATIO				5.8132		9.8749

		Emission per kg Fuel

		COLD START

		g CO/kg wood consumed		g/kg		13.04		10.70

		g CO2/kg wood consumed		g/kg		776.60		1042.45

		mg PM/kg wood consumed		g/kg		1.23		0.54

		g HC/kg wood consumed		g/kg		1.38		1.98

		HOT START

		g CO/kg wood consumed		g/kg		9.62		9.20

		g CO2/kg wood consumed		g/kg		704.53		836.30

		mg PM/kg wood consumed		g/kg		0.91		0.54

		g HC/kg wood consumed		g/kg		1.69		1.69

		SIMMER

		g CO/kg wood consumed		g/kg		30.35		28.58

		g CO2/kg wood consumed		g/kg		1472.48		1118.12

		mg PM/kg wood consumed		g/kg		1.02		1.34

		g HC/kg wood consumed		g/kg		6.79		4.94

		Total consumption/emission

		COLD START

		Wood (g)				546		421

		CO (g)				10.29		7.76

		CO2 (g)				613		756

		HC(propane) (g)				1.09		1.44

		appx PM (mg)				967		1

		CO/CO2 (molar)				0.026		0.016

		EF-CO (g/kg)				18.86		18.42

		EF-PM (g/kg)				1.77		0.00

		Flame temp				10.8		10.4

		Diluted gas avg				Phase 1		Phase 1

		PM (mg/m3)				4.742		0.002

		CO (ppm)				64.5		13.7

		CO2 (ppm)				1948		395

		CO2 (g/m3)

		Average CO Undiluted (ppm)				374.88		135.62

		Average PM Undiluted (mg/m3)				27.57		0.02

		HOT START

		Wood (g)				575		368

		CO (g)				8.84		7.26

		CO2 (g)				647		660

		HC(propane) (g)				1.55		1.34

		appx PM (mg)				834.66		422.54

		CO/CO2 (molar)				0.021		0.017

		EF-CO (g/kg)				15.38		19.70

		EF-PM (g/kg)				1.45		1.15

		Flame temp				10.2		11.3

		Diluted gas avg				Phase 2		Phase 2

		PM (mg/m3)				3.982		1.102

		CO (ppm)				52.8		31.8

		CO2 (ppm)				0.180		0.136

		CO2 (g/m3)

		Average CO Undiluted (ppm)				307.19		314.24

		Average PM Undiluted (mg/m3)				23.15		10.88

		SIMMER

		Wood (g)				920		453

		CO (g)				21.01		20.14

		CO2 (g)				1019		788

		HC(propane) (g)				4.70		3.48

		appx PM (mg)				707		945

		CO/CO2 (molar)				0.032		0.040

		EF-CO (g/kg)				22.83		44.49

		EF-PM (g/kg)				0.77		2.09

		Flame temp				9.7		10.5

		Diluted gas avg				Phase 3		Phase 3

		PM (mg/m3)				1.252		1.040

		CO (ppm)				45.3		43.9

		CO2 (ppm)				1250		989

		CO2 (g/m3)

		Average CO Undiluted (ppm)				263.24		433.59

		Average PM Undiluted (mg/m3)				7.28		10.27

		ZERO

		PM (mg/m3)				0.000		0.000

		CO (ppm)				12.1		13.5

		CO2 (ppm)				436		406

		CO2 (g/m3)

		High Power Average

		These work only for Full WBTs

		Time to Boil (temp-corrected)		min		14.76		16.83

		Temp-Corrected Specific Consumption		g/L		143.33		130.82

		Temp-Corr Specific Energy Consumption		kJ/L		2175.53		1985.66

		Firepower		W		12292.94		10061.58

		Thermal Efficiency		%		18%		19%

		Cooking Emissions

		CO TO BOIL		g/L		1.49		1.24

		CO To Simmer		g/L		5.13		4.60

		CO TO COOK		g/L		6.62		5.84

		PM To Boil		mg/L		140.04		68.22

		PM to Simmer		mg/L		172.64		216.14

		PM to Cook		mg/L		312.68		284.37

		Average CO/CO2 Ratio for Boil				0.0239		0.0167

		CO/CO2 Ratio for Simmer				0.0324		0.0402

		Pollution Production Rate

		Cold Start CO/min		g/min		0.64		0.39

		Cold Start CO2/min		g/min		38.31		37.81

		Cold Start HC/min		g/min		0.07		0.07

		Cold Start PM/min		mg/min		60.46		0.05

		Hot Start CO/min		g/min		0.47		0.40

		HOt Start CO2/min		g/min		34.06		36.67

		Hot Start HC/min		g/min		0.08		0.07

		Hot Start PM/min		mg/min		43.93		23.47

		Simmer CO/min		g/min		0.47		0.45

		Simmer CO2/min		g/min		22.65		17.50

		Simmer HC/min		g/min		0.10		0.08

		Simmer PM/min		mg/min		15.71		21.01

		Cold Start EF CO2		g/kg		1794.16		1794.16

		Hot Start EF CO2		g/kg		1791.51		1791.51

		Simmer EF CO2		g/kg		1740.35		1740.35

		Standard of Performance				Test 1				AVG

		Fuel to Cook 5L (850/1500chimney)		g		1604.29		1500.03		1552.16

		CO to Cook 5L (20)		g		33.08		29.20		31.14

		PM to Cook 5L (1500)		mg		1563.39		1421.83		1492.61

		wood equivalent fuel used				1356.76		1268.5779056438		1312.67

						Weyer Dung Stove		Open Fire		Ghana Wood		WFP		Mud Surround		VITA

		Fuel to Cook 5L (850/1500chimney)		g		1552.16		1117.78		996.13		732.6594622252		792.8809350578		689.4326895915

		CO to Cook 5L (20)		g		31.14		55.69		50.41		15.3181686337		48.5296244093		42.7977086802

		PM to Cook 5L (1500)		mg		1492.61		2363.19		4287.17		1289.1207361933		2352.258912222		2150.2445972676





Sheet1

		0

		0

		0

		0

		0

		0



&A

Page &P

proposed benchmark

850

1005

Fuel to Cook 5L (850/1500chimney) g

Fuel (g)

Fuel to Cook 5L Water



Sheet2

		0

		0

		0

		0

		0

		0



proposed benchmark

CO to Cook 5L (20) g

CO (g)

CO to Cook 5L Water



Sheet3

		0

		0

		0

		0

		0

		0



proposed benchmark

PM to Cook 5L (1500) mg

PM (mg)

PM to Cook 5L Water



		





		






