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Overview
In rural areas of many developing countries a major part of the used energy comes from biomass such as wood or agricultural residues [1]. The biomass is combusted in inefficient devices to generate energy services such as heat for cooking, water heating and space heating. There are numerous problems with the current use; one of the most serious is indoor pollution which is a major cause of illness and deaths in many developing countries 
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, mostly affecting women who are usually responsible for cooking and children in their care. Other problems are the time consuming and back breaking task of fuel wood collection, again mostly affecting women and children[4].In recent years, there have also been reports stating that biomass burning in open fires in developing countries have a large impact on global warming [5]. There are now several technology and policy options for a healthier and more efficient use of resources. To understand the effect and possibility of success for these options an understanding of underlying demand and use patterns is essential. One part of such a demand analysis is the construction of an energy ladder that relates household fuel choice to various variables.  
The energy ladder model is widely used as a basis for  scenario and policy analysis for rural energy use [6]. Evidence of socio-economical effects on fuel choice has been presented in various papers. Kennes et al [7]  examined fuel patterns among social groups in Bangladesh. They found large differences between the groups with commercial energy being more common in urban settings and agricultural residues most common in very large farmers, these groups being the highest income groups but with a drastically different fuel pattern. The energy ladder model has also been criticized for being an oversimplification by other authors.  Masara et al  [8] proposes, based on a survey in Mexico,  an expanded model that takes into account multiple fuel use  and is based on fuel economics, technical characteristics and cooking practices, cultural preferences and health impacts. The view that the image of a ladder is unfortunate is also expressed by Heltberg [6] since on account of  households’ multiple fuels use. Heltberg finds from a multinomial logit model performed on data from 8 different countries, of which one is Vietnam, a correlation between the existence of other modern facilities, electricity and tap-water, and the use of non-solid fuel. Other significant variables are level of income and household size. 
In rural areas modern fuels often, when introduced, do not completely displace biomass fuels but more often act as a complement [6].  They face two barriers, one is that they have to compete with biomass fuels that are often free in an environment where capital is scarce and the other hand the modern fuels might be limited in terms of supply as consequence of poor infrastructure. Instead when modern fuels are introduced they often act as a compliment to the collected biomass for special cooking, special times of the year when for example agricultural residues are scarce. In summary the energy ladder image for rural environments needs to be complicated a bit further since it is possible to stand on several rungs at the same time and income and relative prices are not the only variables that decide fuel choice.  Two earlier studies of factors determining the fuel choice of households in Vietnam has been performed to our knowledge, Tuan and Lefevre [9] and by Heltberg [6]. Tuan and Lefevre use data from a specialized energy survey in 4 Northern provinces and find that income is an important factor for fuel choice but also that other factors play a role, in particular they find differences between the provinces although they claim this to be an effect mainly of differences between urban and rural areas.  In rural areas wood and coal substitute agricultural residues as income rises when in urban areas coal is the substitute for wood.  The study is limited to areas around Hanoi in the Red River Delta and was conducted in 1996. LPG and biogas is not present and only a very limited amount of the households made use of kerosene for cooking.  Heltberg [6] performs a multinomial logit regression on data from Vietnam Living Standard Survey (VLSS) (1997/1998) and also divides the  calculation in the two categories urban and rural. Significant variables found for Vietnam that was related to fuel switching was, electrification, tap water, expenditures, household size, and whether secondary education was reached.  In this paper, in order to fill in the gaps in the information provided in [6, 9],  we try to further divide the rural region of Vinh Phuc province into three categories to see if the fuel ladder needs extensions not only based on an urban/rural division but if there are internal differences between rural flat, hill and mountainous regions.  
Methods

The primary data collection was made through traditional survey forms. The survey took place in Vính Phuc province in six different communes chosen so that two are in the delta flat-land, two are in the hill region and two are located in the mountainous uplands. This set up was made in order to enable comparisons between different regions and detect possible less obvious differences between villages in the same region and, at the same time, get a fairly accurate description of six real villages as basis for energy systems modeling. The survey covered households’ basic socio-economic status such as income, education and size together with current energy use for different purposes and croplands. The energy ladder used here not only takes into account multiple fuel use but also the share of time that the households use the different fuels. The ladder is constructed by first assigning the fuel a position on the ladder; this is done in different ways so as to ensure a minimizing of subjectivity,   basis of positioning is the normal ranking (residues, wood, coal, LPG) and on the efficiency of using the fuel (Masara et al [8], writes that climbing the energy ladder is often to switch to a more efficient device). The fuels position on the energy ladder is then multiplied by the share of time the household use different fuels to give the households position on the ladder. Normal linear regression is then performed on the resulting ladder to find out what variables are important for positioning on the ladder.  Regression was performed both on the area as a whole and for the different regions separately. 

Results and Conclusion
For the whole area, the six villages combined, the number of family members, average income per family member, household’s main source of income and the households total land area was found to be important variables. The first two can both be thought to be related to the households overall income and is thus well explained. If the household’s main income is from another source than agriculture is also positive for being high on the ladder. The household’s total land area gives a negative effect for positioning on the ladder. This can perhaps be explained by the fact that having a large land area gives the household more access to free fuel, agricultural residues and wood, which would support the claim of the first barrier for modern fuels mentioned above. The model with only four variables has a high level of explanatory success for the whole region but when subdividing the area into delta-, hill- and mountain-regions the model is found to be explaining the variations only in the delta- and hill- regions.  This is perhaps an indication that another model is needed for fuel choice in the mountain region. 
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