A draft note toward re-characterization of wood cookstoves 
 “modern” vs. “conventional”

Draft 13 December 2012

The 20th Century mindset on wood as cooking energy has been fixated on saving renewable biomass, an example of high theory married to environmental goals of distant and ill-informed elite. This fixation was largely technology-driven and product-focused, with a limited and static view of the users and the supply chains of fuels and services. While some portions of the cooking market do remain in the 19th Century, the emerging realities of the 21st Century – reflected in demographics, infrastructure, preferences, priorities, affordability, and technological changes in materials, controls, communication and logistics – call for a user-centric objective – say, “clean and convenient” cooking – and a consideration of the market in the context of all fuels, users, technologies, and end-uses. This note proposes that (i) “improved (wood) cookstoves” (ICS) or “advanced (wood) stoves” be treated as legacy terms that should now be dispensed with as far as newer stove designs are concerned; and (ii) building on recent and ongoing work on technical standards and market research, product development and marketing of newer types of stoves should be sharply distinguished as “modern” versus “conventional” types, with additional, less sharp distinctions and ratings reflecting user preferences and geographic variations. Use of the general term “biomass energy” – without regard to fuel quality, form, reliability, and use features should also be discontinued, replaced with specific labeling of fuel type. It is hoped that a user-centric objective and definition would encourage greater diversity in RD&D activities in wood energy for cooking.
1. Stoves using wood for cooking

The Webster’s offers two definitions under “stove”:

A: a portable or fixed apparatus that burns fuel or uses electricity to provide heat (as for cooking or heating); and, 

B: a device that generates heat for special purposes (as for heating tools or heating air for a hot blast).

For the purposes of this note, definition A is adequate. 

Stoves and fuels typically go together, and many stoves are restricted to just one kind of use – space heating, water-heating, beverage-making, cooking, re-heating of foods, so on. 

Also, it is implicitly assumed that a stove is used repeatedly and for varying length of time. That is, a stove has a location – a home, a shed, a shop, a factory. A so-called “three-stone fire” is not a stove if it is used only once. Depending on the region, fuel availability, and affordability, people use more than one type of stoves. Historically, changes in shelter types and location have heavily influenced the types and uses of stoves. Many poor people lack a reliable, long-term shelter and thus do not have stoves or have stoves for limited purposes. 

This leads to a general definition of a wood cookstove is a stove that uses wood as the fuel and which is enough for at least cooking food. (The term stove itself being defined as in Webster (A) above.) Wood cookstoves can generally be used for a variety of ways; for simplicity, this note neglects their use for space heating which implies unique patterns of fuel supply and use, emissions, and ash disposal. 

A. A typology of stoves

(can be applied to any fuel type)

	Market segment 
	Home/small commercial; Event/medium commercial; Large commercial, industrial, institutional.

	Size 
	# of burners, heat rate (GJ per hour max/min), longest continuous run

	User’s position
	Standing, sitting, either, both

	Portability
	Stationary/portable/semi-portable

	Materials
	Metal (which?), Brick, Mud, cement, ceramic

	Dedicated use? 
	E.g., water heating, tea samovar, injera-making, animal feed, beer, crop/produce drying

	Production
	Factory/artisanal

	Quality control
	Public, manufacturer, none

	Delivery chain
	Retail stores, on-site construction, 

	(Other elements to be added as desired)

	Note: Apart from woods of different physical or chemical properties, solid biomass fuels include charcoal, dedicated energy crops, agro-wastes, and animal wastes; other solid fuels include coals of different types and peat. Liquid fuels include bioliquids (alcohols, oils) and their derivatives (gels) and fossil liquids such as kerosene and in principle some other hydrocarbons. Gaseous fuels include biogas (from agro/animal/human wastes), liquefied petroleum gases (propane and butanes) in storage tanks, and piped natural gas. Electricity of whatever origin and direct solar heat as well as via some heat transfer fluid are additional, multi-purpose energy options. 


Wood cookstoves in turn are found in different forms and made of different materials and use wood of different types, sizes, and chemical qualities. Some wood cookstoves can be used only with specific types and sizes of woods and specific types of cooking (e.g. baking or grilling).

Wood cookstoves can be further classified in many additional ways – size, market segment, principal use. Table A shows a general typology of stoves that can be applied to stoves for many fuels including wood. As urbanization proceeds, rural-urban transport and communication links become more extensive, networks for electricity and liquid/gaseous cooking fuels go deeper in the countryside and down the income groups, and housing stock modernizes, it is no longer tenable to limit the focus of cooking energy to wood, whether just households or just to rural areas. It is simply delusional to want to market 19th Century fuels and devices to 21st Century customers, especially shutting eyes to competing fuels and devices (and the option of purchase of processed foods and meals).

2. Improved wood cookstoves 
It appears that artisans and engineers have long tinkered with wood cookstoves to improve their performance and/or sales appeal. This was perhaps more so after during the 19th Century, as newer materials became available, combustion science was better understood (for wood or coal), and new uses developed in homes as well as commercial, industrial enterprises. By mid-20th Century, however, solid fuel use in cooking and heating had sharply declined in Europe and North America, and persisted mostly in the developing regions of Latin America, Asia, and Africa. These were also the regions that were slowly catching up in population growth and urbanization, and networks of modern energy were expanding even more slowly. 

Among these countries, direct use of coal use seems to have been limited mostly to colder regions with coal availability, i.e., for cooking as well as heating. Wood use, by contrast, continued more in the middle latitudes and/or the plains where coal was not as abundant
. The “improved stoves” movement in these countries started during the 1950s to the 1970s. Its approach typically focused on a single fuel type (woody biomass) for a single user (principal cook in a family) for a single market segment (rural households)
, and generally a simple, undifferentiated view of “cooking” – a hypothetical meal, 2-3 times a day plus perhaps making hot beverages. 
The movement’s main objective was to improve combustion efficiencies – measured in wood taken to boil specified amount of water, and, via such improvements, hopefully protect tree cover and possibly reduce the time spent on wood collection. These interventions often generally assumed no access to grid electricity or modern liquid or gaseous fuels (or that such access and use were prohibitively expensive). They were also, for the most part, based on “projects” – financed heavily by grants, covering high overhead costs, and fuelled by technological rigor and unbounded idealism to protect the environment – saving the trees. Some projects took on the complementary challenge of growing more trees. In short, trees in some form or shape provided the raison- d'être for “improved stoves” projects.

Improved wood cookstoves can therefore generally be defined as stoves that offer higher efficiency of wood combustion compared to some baseline. Since the baselines differed from place to place – and in most instances consisted of open “three-stone fire” which is not a stove at all in the first place – practically any stove could be taken as an “improved” stove. Once that, or any other proper “stove” was used as a baseline, another “improved” stove would emerge. What is more, these efficiency measures were typically only in controlled laboratory conditions and without much regard for efficiencies under the actual conditions of use and varieties of wood or cuisine or weather, practically no systematic long-term record of which has been available in any country. 

That is, in effect, the term “improved wood cookstoves” is meaningless and beyond definition. At best, we had a design of an “improved stove” in reference to some arbitrary baseline, and all it took for that design to get this designation is for some experts to collectively agree.
Fortunately, it seems to have not mattered much that “improved stoves” cannot be defined meaningfully. In the absence of systematic testing and record-keeping, it is not possible to state how many users bought any particular kind of “improved stove” and used it for how long to achieve what gains. The fuel reductions may have been entirely gratuitous from the users’ perspective. 

Towards the end of the 20th Century the promoters and the financiers began to recognize that such “improved woodstoves” projects were rarely successful in terms of mass adoption and sustained use. Saving wood – in most cases available for free – or time – by children who did not spend that much time in schools and adults who did not have round-the-year employment of fixed hours a day – did not seem to be a high priority. This too may not have mattered, since the assumed linear causal link between continued dependence on wood use as fuel (accentuated by population growth and consumption growth) and loss of forest cover seems to have been purely conjectural. Whether or not the “improved woodstoves” saved any trees, it did not matter, since forest cover largely grew or declined as a result of unrelated influences. Some “improved wood cookstoves” did use chimneys – a ventilation method known to humanity from the cave days – but primarily as a means to improve air flow for higher combustion efficiency, not knowingly for the purpose of reduction of exposures to air pollution. 
3. Advanced or clean wood cookstoves

Around the turn of the Century, greater awareness of several decades of research on household air pollution – from incomplete combustion of wood and other solid biomass (agro/animal wastes), frequently escaping outside of homes – provided another impetus for the “improved stoves” movement. Rather than aiming at greater – but middling – combustion efficiency of wood, some promoters aimed at a significantly higher range. The “baseline” was no longer the “three stone fire” or some artisanal design based on historical practices without specific consideration of efficiency (or, optimizing such considerations against other considerations not necessarily known and measured). Rather, if the baseline was for example 20-25% efficiency, these newer stoves sought efficiency levels that were closer to theoretically achievable highs subject to other design considerations such as the size of the firebox, desired heat rates, and the like. They also recognized that while greater efficiency need not translate into lower pollution, some designs could push the envelope in both directions. 
Noble intents or ambitions, however, need not translate into more rigorous definitions or approaches. Advanced wood cookstoves can also be defined essentially in the same way as improved wood cookstoves - stoves that offer higher efficiency of wood combustion compared to some baseline, albeit presumably a higher one
. Even as some advanced wood cookstoves programs seek to pursue low emissions, i.e., clean wood cookstoves, they are hampered in these efforts due to lack of technical standards and testing protocols.   
The core issue is that promoters of “improved” or “advanced” wood cookstoves ultimately run into the same bind – theirs is primarily a technology-driven perspective rather than a consumer-driven one, and even as they seek to produce “clean” cookstoves, such “clean” cookstoves so far exist on paper and in laboratories. This problem cannot be mitigated until and unless users accept the stoves and a field test of sufficient length and duration be obtained to confirm the “cleanness” of the stove. 
4. Modern wood cookstoves

If the strictly technical approach to marketable clean cookstoves has a bit of a Catch-22 problem, one alternative is to dispense with such restrictive approaches. Instead,  user acceptability and perceived benefits could be made central to stove design and promotion efforts. The primary focus is then on cleanliness and convenience as seen by the user. In a way this means respecting users’ subjective assessments; this is not prima facie inferior to respecting experts’ subjective assessments if only wrapped in dense theories and complex equipment and models. Users’ subjective assessments need not be the sole determinant of cleanliness, nor should expert-selected tools and dose-response relationships, but some combination of expert-assisted technical standards as incorporated in designs and tested in actual performance. In other words, stoves that pass some technical threshold arrived at by expert consensus, should be marketed as clean; if they also happen to convey a sense of convenience and greater comfort, security and confidence, larger number of users will be able to confirm that sense. 
This emphasis on “clean and convenient” is conveyed in a broader context of alleviation of energy poverty, the transition from traditional to modern energy in the annex Select Definitions. It is based on the observed trends in purchases of cooking fuels and appliances – including shifts toward purchase of prepared foods and meals (in other words an “outsourcing of the home kitchen”
). It also recognizes that the introduction of electricity can change a kitchen – within the home, by offering more convenient means of thermal energy (water kettles, water heaters, toasters) or means of storage (refrigeration) and without, by taking away the drudgerous, mechanical work of kitchens to retailers or fee-for-service providers (e.g., flour milling). 
“Clean combustion” is not just a matter of fuels or appliances alone but the two together plus operating practices. Solid fuels can be burnt cleanly and conveniently; conversely, combustion of liquid or gaseous fuels may also be unclean. The Human Development Report of the UNDP does not recognize this, and treats solid fuel dependence per se as an indicator of deprivation (in its computation of the Multi-dimensional Poverty Index). Similarly, draft documents of the SE4All (Sustainable Energy for All) treat solid fuel use as undesirable. This perception has to change if the more recent 21st Century designs of “advanced” woodstoves are to be marketed as clean and convenient, viable alternatives to fossil fuels or electricity.

As a beginning, it is proposed that wood cookstoves of recent and future designs be 
i) classified according to principal market segment, fuel type, principal or dedicated use, and mode of production and delivery and

ii) further designated as “modern” or “conventional” according to certain technical characteristics as well as user preferences for convenience and versatility. 

The latter distinction is absolute – a stove is modern or conventional, but more so or less so depending on minimum or maximum scores on technical performance (on cleanliness, subject to test protocols and standards that take into account variations in fuel quality, cuisine types, amount of cooking, food materials and seasonal influences)

As a beginning, Tier 3 or Tiers 2 and 3 as proposed in the Lima Consensus
 (February 2011) could be so defined as to meet as many indicators of “modernity” in Table 2 as possible with the remainder Tiers assigned to the “Conventional”. Simple “Yes/No” in terms of attributes and technical thresholds in terms of emissions and safety should permit such distinction.  It may well happen that some stoves designated “conventional” may meet some technical standards of cleanliness and safety as for the “modern” label; this only indicates that, for a given universe of customers and uses, it is a “clean” stove but not convenient enough. 
[image: image1.emf]
B. Toward an index of modernity for wood-based cooking
?
	Attributes of modernity

	
	Modern
	 Conventional 

	Fuel
	Biogas, bioliquid (alcohol, oil), charcoal, solid wood, agro/animal wastes. 
	charcoal, solid wood, agro/animal wastes

	Fuel form (solid)
	Processed, uniform consistency (briquettes, pellets, chips, bricks)
	Unprocessed

	Fuel quality
	“Small” variation in specs
	No specs

	
	
	

	Combustion airflow
	
	

	Gasifier?
	Yes/no
	No

	Combustion fan?
	Yes/no
	No

	Exhaust fan?
	Yes/no
	No

	
	
	

	Performance standards

	Cleanliness (emission rates)

	PM 2.5 
	Maximum
	Higher maximum

	Ultra-fine particles 
	Maximum
	Higher maximum

	CO
	Maximum
	Higher Maximum

	CO2
	No limit; only a reference value

	Methane
	Maximum
	Higher Maximum

	NMVOC
	Maximum
	Higher Maximum

	Safety

	(TO ADD TESTS); See Lima Consensus for example

	
	
	

	Principal user preferences/operating practices

	Convenience
	

	Heat rate (KJ/hr)
	Max, min
	Lower max, higher min

	Flame control
	Control knobs?
	None

	Start/stop time
	Max
	None

	Ash volume/storage 
	Dedicated space 
	No dedicated space

	Fuel delivery/ash pickup
	Yes/no
	No

	(to add)
	
	

	
	
	

	Versatility/Use rate (hours per month)
	(Depending on local habits and preferences)

	Suitability for multi-storeyed apartments?
	Yes
	Immaterial

	Suitable for “slums”?
	Yes
	Immaterial

	Pot size/type
	High heat transfer efficiency
	Immaterial

	Pressure cookers?
	Yes
	No

	Grilling/baking
	Yes/No
	Immaterial

	(to add)
	
	


Appendix: Selected definitions

Modern energy: With minor exceptions, electricity and liquid/gaseous fuels combusted in a clean, convenient manner. Cleanliness and convenience are key; kerosene for lighting is no longer regarded as ‘modern energy’. Processes and substances together –not just substances alone – define “modern energy”. Supply, transmission and end-use efficiencies – and degrees of cleanliness and convenience – vary. Therefore, exceptions or debatable examples include power generated by diesel or kerosene in the immediate vicinity of use (neither clean or convenient) or small/medium scale use of good quality wood, charcoal or processed biofuels in efficient stoves and well-ventilated areas (neither dirty nor inconvenient).‘Clean and convenient’ are seen from the users’ perspective, in comparison to the non-modern or 

Traditional energy: Fuel-based lighting and uncontrolled combustion of solid fuels that emits hazardous pollutants, or use of animal draught power that is not appropriate for many transport requirements - and may not apply to the entire fuel cycle. From the users’ perspective, whether a substance – e.g., biomass – or electricity generation input – e.g., wind or biomass – is “renewable” is entirely immaterial to whether it is “clean”,unless it provides greater degree of cleanliness at the cost and convenience offered by the alternatives.

Modern Energy Access: There is no commonly accepted definition of energy access; at the very least, the term seems to connote modern thermal fuels and electricity, and not traditional fuels (woody biomass, dung). It is also implicitly accepted that fuels and appliances go together and that users prefer cleanliness, convenience, versatility, and, in the case of electricity, newer applications they do not otherwise have. For example, kerosene for lighting is not considered desirable, nor poor quality solid fuels (biomass or coal) combusted without much or any control. So the term “modern energy access” seems preferable, keeping in mind that it is not fuels alone but fuel/appliance combination and operating practices that seem to determine what users aspire to. Some people too unfortunate to be able to collect or afford unprocessed solid fuels for traditional cooking or kerosene for lighting can be said to suffer a worse form of “energy access” problem, but from the viewpoint of energy sector planning, “modern energy access” seems to be adequate. In turn, at least from the expectations of the customers of modern energy to date, and correspondingly the “access” standard electricity and fuel providers seek to meet is, simply, “doorstep delivery on demand, subject to payment conditions.” 
This definition of “modern energy access” precludes consideration of users’ ability to meet the payment conditions, and can be considered fuzzy. It leaves extreme cases where only a handful of households in a particular geography can meet the payment conditions in the sense of purchasing fuels and appliances including generators in cities and transporting them home. Percentages for threshold household coverage can be set differently depending on near-term feasibility of plans. Regulatory framework can also affect payment conditions and hence access. Affordability considerations are captured by the concept of energy poverty.

Energy poverty: Users’inability to transition to “modern energy” with minimal expenditure of time and effort in fuel access.” This inability is considered to be primarily financial – the capital cost of making the transition up to the level that modern energy becomes the primary or exclusive source of lighting and cooking/heating. The qualification about time and effort is added to discount situations where a customer may have to walk a great distance to fill a fuel container or charge a battery. Other physical and economic barriers may also limit the transition – e.g., unaffordability of housing where a utility may agree to connect an electric meter or a gas company agree to register a customer. The definition can also be expanded to include transition to inanimate power. Especially in the case of non-household uses, limited information or management capacity may also limit the transition. 

Note that this definition does not address affordability of consumption, and thus distinguishes energy poverty from general poverty. Minimum threshold quantities of consumption – say, roughly 4 GJ useful energy per household per year for thermal uses (6 GJ or higher in cold regions), and 100 kWh per household per year for strictly electrical uses (i.e., lighting, electronics, fans) – may need to be set for planning purposes, and should be determined according to local conditions, fuel/technology menu, behavior patterns, and supply capabilities. Note that this definition does not address affordability of consumption, and thus distinguishes energy poverty from general poverty. An alternative definition of an 'absolute energy poverty' could provide for lower consumption standards - say, 0.5 GJ useful energy per capita per year for thermal energy (excluding space heating), and an allowance for 'basic battery electricity' for lighting and phone charging. An 'absolute energy poverty' problem could be defined along with entitlements to subsidies to help transition to modern energy, and therefore, similar to food ration schemes, vary according to country conditions of financing support to the poor.

Ecosystem of Energy Poverty: This is a concept in economic geography and for the purposes of this paper, refers to i) energy use in all the non-household activities with local employment with ii) significant degree of local exchange of assets, products and services, only weakly connected to the ‘external’transactions. It does not connote self-sufficiency as much as connoting the relative impermeability and structural limitations to change. It seeks to emphasize the role of market fragmentation so that the relative price/wage vectors for the poor are different from those for the non-poor, and also vary according to different “ecosystems”. Urban ‘slums’ and villages with limited trade with the rest of the economy tend to constitute an ‘ecosystem of energy poverty’. Elimination of energy poverty does not guarantee elimination of other forms and aspects of poverty at household or non-household level. 
Basic electricity: Individual or household consumption of small amounts of battery charge for lighting and IECTs (information, entertainment/education, communication technologies) such as mobile phone and some other small electronics.

� Only a few countries in Asia, Africa and Latin America have a) long and severe enough winters to demand extensive space heating and b) abundance of coal as well as wood. 


� Some projects also covered charcoal cooking in urban areas and coal cooking and heating in some parts of the world.


� See for example, C. Venkataraman, A.D. Sagar, G. Habib, N. Lam, K.R. Smith, � HYPERLINK "http://media.cigionline.org/geoeng/2010%20-%20Venkataraman%20et%20al%20-%20The%20Indian%20National%20Initiative%20for%20Advanced%20Biomass%20Cookstoves.pdf" ��The Indian National Initiative for Advanced Biomass Cookstoves: The benefits of clean combustion�. Energy for Sustainable Development 14 (2010) 63-72. The paper does not define “advanced combustion” or “advanced stove” or “advanced biomass stove”, effectively saying, “If you need to ask, we don’t need to tell you and you don’t deserve to know.” It asserts “Given the combined goals of fuel efficiency, health protection, low climate impacts, and reduction of outdoor pollution it is now realized that the best approach is to move toward high-combustion-efficiency and low-emissions advanced-combustion devices that do not produce any significant pollution in the first place.” Whether this is “best” from a user’s perspective to the extent that such devices would be used in a sustained manner does not seem to be the experts’ concern. The intellectual dead wood of 20th Century could be among the reasons three times as many people depend on 19th Century fuels and technologies today than did at the end of 19th Century.


� There can be some “in-sourcing” or “reverse sourcing” too, e.g., making things at home one bought from outside or once used to make at home but had been buying from outside. 


� Lima Consensus on Stove Performance Rating. 2011 PCIA Forum, Lima. http://www.pciaonline.org/testing/lima-consensus


� Includes beverage-making, baking, grilling, water heating but excludes space heating. 


� Based on unpublished work by Nikhil Desai and Russell J. deLucia. 
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