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This study shows that in Vietnam, the problem of providing access to clean energy for all is largely solved for now: the fraction of households without access to electricity is below two percent, the median level of electricity usage in 2014 was 100 kWh per month per household, and the fraction of households declaring unsatisfied electricity needs is below three percent. However, we also find that electricity is becoming a heavier burden in Vietnamese households' finances, and this affordability problem will increase if electricity prices are raised to finance the clean development of the energy system. We show making the retail tariff of electricity more progressive could increase the collected revenue by 15% and at the same time provides free access to 30 kWh basic need per household.

Introduction

Access to clean and affordable energy for all is the seventh United Nations Sustainable D evelopment G oal , one of our overarching civilization goals in the beginning of this millennium. This text discusses the progress towards this goal of a middle income country comprising over ninety million people, the 14th most populated country in the world : Vietnam.

Vietnam's development is highly successful in economic terms. Its GDP per capita grew from 97.2 USD in 1989 to 2 186 USD in 2016 (current USD, World Bank database, accessed 2017-08-05). Table 1 provides more details on the country's conditions in recent years.

Vietnam's rural electrification program is oft-cited as an exemplary success of providing energy access [START_REF] Van Binh | Vietnam Rural Electrification Programme[END_REF]Asian Development Bank. 2011). Yet in the considerable academic literature on energy poverty [START_REF] Li | A Bibliometric Analysis of Energy Poverty Research: Results from SCI-E/SSCI Databases[END_REF] it is hard to find any study about Vietnamese households among the reports on China, India, Brazil and South Africa. [START_REF] Sovacool | Evaluating Energy Security Performance from 1990 to 2010 for Eighteen Countries[END_REF] includes Vietnam, but looks at small businesses rather than households. This manuscript contributes facts and numbers on the state of access to electricity for all in Vietnam, based on large-scale surveys conducted in the time period 2010-2014 independently from EVN, the national electricity company. We focus on electricity poverty, leaving fuel poverty questions for further research.

The outline and main results of the manuscript are as follows. Section 2 presents the scope relative to previous existing research, our data and methods. It presents this paper's main theoretical discussion on using a self-reported satisfaction indicator to account for the human dimension of energy poverty. One way to measure energy poverty is simply to ask people if they had enough of it to meet their needs. We will show that results obtained by this approach complement, rather than substitute, results obtained by engineering and economic approaches of energy poverty.

3 Table 1 : Vietnam's economy and electricity conditions in 2008-2014. a Source GSO, accessed 2016-10-10, b Source IEA, accessed 2016-10-10 c In 2014, includes industry 54%, household 36%, services 5%, agriculture 2% and other 4% [START_REF] Solidiance | Vietnam's Power Sector. Opening the Way towards a Greener Future?[END_REF]. Section 3 presents statistics on grid access and electricity usage, in kWh. Its main results are that 1/ Less than two percent of households lack grid access; and 2/ The median level of electricity usage in 2014 was 100 kWh per month per household.

Year
Section 4 discusses affordability, using a more narrative historical perspective on measures taken by the Government of Vietnam, in the form of a block tariff and direct subsidies. Our statistics find that 94.5% of households spend less than 6% of their income on electricity in 2014, but the effort level is increasing.

Section 5 presents results about satisfaction of needs. We observe that satisfaction increased quickly between 2010 and 2012, and conjecture two explanations. One is that the observation is due to chance, weather variability. The other is that the satisfaction increase is due to a great increase of system reliability in that period.

Policy discussion section 6 synthesizes the observed progress in terms of sustainable development indicators, and peeks at the challenges ahead : wealth and population growth ; urbanization and lifestyle changes ; national independence ; and pollution. We quantify an example of a more progressive electricity tariff that allows at the same time to a) reduce energy poverty, b) incite the richer households to conserve energy as well as c) increase available income to finance a cleaner development of the electricity generation system.

Section 7 summarizes and concludes.

Scope, data and methods

Energy poverty indicators

Universal access to electricity is sought at the early stages of economic development because it is an enabler. Lighting and electric engines increases productivity. Radio communication connects people. Refrigeration allows to better store food for sale or consumption. An electric fan in advanced cook stoves reduces the indoor air pollution caused by inefficient combustion in traditional biomass. Full electric cooking eliminates it in urban areas.

To focus the attention of the international community on the need to provide these benefits to all humans, the United Nations have adopted « Ensure access to affordable, reliable, sustainable, and modern energy for all » as Sustainable Development Goal 7. To assess progress towards this goal [START_REF] Sdsn | Indicators and a Monitoring Framework for the Sustainable Development Goals[END_REF] gives the following two Key Performance Indicators, the KPI #50 and #51 :

• Share of the population with access to modern cooking solutions (%)

• Share of the population with access to reliable electricity, by urban and rural (%)

These two KPI share a similar pattern. They each start from an aspect of energy poverty : respectively cooking with traditional solutions, and lacking access to reliable electricity. Then the indicator is constructed as « Share of the population not in that energy poverty situation ». Academic literature offers many others ways to recognize an energy poverty situation.

• Not having access to enough energy to meet the basic needs, defined according to human and environmental considerations. Shelter is a basic need for physical well-being. For example the official French definition according to the « Loi Besson du 2010-07-12 », also known as « Grenelle 2 law » states that "is in energy precarity a person who experiences in her house special challenges to have the necessary energy supply to satisfy its basic needs because of the inadequacy of its resources or its habitat." Make cities and human settlements inclusive, safe, resilient and sustainable. In short, energy poors face death from winter cold and summer heat.

• The previous definition overlaps the SDG Goal 11, and does not translate conveniently in statistics. A different take on the unsatisfied basic needs idea is to define an energy poverty line. There are many methods. One is to ask experts. Another is to consider the average energy consumption of households around the income poverty line [START_REF] Foster | Latin America and Caribbean Regional Studies Program[END_REF]. Yet another econometric approach defines the energy poverty line as "the threshold point at which energy consumption begins to rise with increases in household income". At or below this threshold point, households consume a bare minimum level of energy and should be considered energy poor. [START_REF] Barnes | Energy Poverty in Rural Bangladesh[END_REF]) [START_REF] He | Electricity Demand and Basic Needs: Empirical Evidence from China's Households[END_REF] • Spending more than 10 % of the income to pay the energy bill, including electricity and fuel for heating and cooking excluding transportation. This definition has been set out officially in the UK Fuel Poverty Strategy 2001, according to the critical study by [START_REF] Hills | Getting the Measure of Fuel Poverty: Final Report of the Fuel Poverty Review[END_REF]. According to ONPE ( 2016), this has also been used in France. While a convenient rule of thumb to assess the magnitude of the issue from national-scale statistics, it has a fundamental flaw: not related to absolute poverty. This is why Hill (2012) led UK to replace the 10 % of income criteria by a new definition under which households are considered fuel poor if a/ They have required fuel costs that are above the median level; and b/ were they to spend that amount they would be left with a residual income below the official poverty line. This Low Income High Cost definition is also used in France [START_REF] Chérel | Premier rapport de l'ONPE. Définitions, indicateurs, premiers résultats et recommandations[END_REF]).

To better focus on the facets of energy poverty related to electricity usage, we set aside aspects related to fuels for cooking, transportation or heating. The present note leaves KPI #50 out of its scope. On the other hand, we take a broad view on KPI #51 by looking not only at electricity access in terms of grid presence, but according to actual electricity use.

A subjective indicator

We argue that the approaches based purely on energy quantity and/or monetary indicators can only provide a structurally incomplete view of energy poverty, because they all come from an engineering or econometric approach. This remark also targets Multidimensional Energy Poverty Indices such as those proposed in [START_REF] Nussbaumer | Measuring Energy Poverty: Focusing on What Matters[END_REF][START_REF] Foster | Latin America and Caribbean Regional Studies Program[END_REF][START_REF] Pachauri | On Measuring Energy Poverty in Indian Households[END_REF]).

We This report exemplifies the complementarity between the objective and subjective indicators. Section 3 about access and section 4 about affordability are based on engineering and economic variables. Section 5 is about satisfaction levels is based on subjective self-assessments by households.

The subjective observable in section 5 is based on replies to the question "In the last month, did your consumption of electricity met the needs of your household?" A clear-cut Yes/No question directly related to the variable being estimated has methodological advantages. Households themselves are best placed to judge if their electricity needs are met. This reduces error compared to indirect measures of energy poverty based on income, expenditure, or basic needs. Regarding basic needs in particular, the adequacy of a shelter is expensive to observe statistically, as it depends on local climate and customs.

Surveys are an objectively repeatable measurement: two independent survey companies applying the same method will find coherent results. And while indicators based on energy quantity or income are theoretically based on precise objective numbers rather than subjective self assessments, in practice they are also collected by declarative survey and suffer from the same kind of imprecision. Moreover, Multidimensional Energy Poverty Indexes rely on normative aggregation methods that are hard to justify, whereas households have the legitimacy to aggregate the different aspects of their energy consumption experience.

The "needs of your household" as respondents understand it is not identical to the "basic needs" concept used in the poverty research. This can often be seen in rural electrification projects: when providing additional electricity capacity to a previously off-grid community, the demand increases as households buy new electric equipments. The households change their needs well above the small amount of power previously provided, usually at high price and by standalone diesel generators. This difference between self-assessed needs and basic needs can be seen as a theoretical limit of subjective indicators, or as an advantage that allows these indicators to be used across countries at different income levels.

Data and methods

The data used to produce all results presented below come from of four large sample surveys conducted in 2008[START_REF] Van Binh | Vietnam Rural Electrification Programme[END_REF][START_REF] Hills | Getting the Measure of Fuel Poverty: Final Report of the Fuel Poverty Review[END_REF]and 2014: the Intercensal Population and Housing Surveys (General Statistical Office 2015). Conducted under the Ministry of Planning and Investment with support from the United Nation Population Fund, the surveys aim to systematically collect basic information about population and housing as a basis for research, and for assessing and formulating policy mechanisms, programs, targets and plans on national socio-economic development generally, and for the population and housing sectors in particular.

In 2008 the survey had two waves lasting two months each, starting in May and September. In 2014 there was four waves of one month, in March, June, September and December. Electricity tariff increased on June 1 st , 2014. Assignment of households into waves was random.

The methods for analyzing the data are ordinary, based on simple robust estimators : counts and quantiles. All Stata and Python scripts we used are published as an electronic supplementary material, with open access under creative commons license. The dataset extracted from the primary survey files is also published.

We did not weigh answers, de-bias or otherwise adjust the data except by clipping outlying values and dropping missing responses. Clipping does not affect the counts and quantiles, but nonresponses are known to affect survey results. We were not involved in the data collection. We believe that the surveys were organized in the best possible conditions for the context. The results we present below are subject to systematic and random errors unavoidable in all survey data [START_REF] Kasprzyk | Measurement Error in Household Surveys: Sources and Measurement[END_REF]. We did not attempt to quantify these errors formally, but hereby forewarn that in the numbers presented below the third digit is not policy-relevant, it is meaningful mathematically only. The maps in Figure 1 and 4 are drawn without tone intensity correction for province size and province population : they reflect energy poverty levels within a province. Thus, a large gray area does not imply that a large number of people are impacted, since provinces in remote mountains are less densely populated than provinces in the river deltas.

Grid access and electricity usage

Surveys asked "Which Is the main lighting in your household", with possible answers: 1. Nationalgrid electricity, 2. Battery or generator or small-scale-hydroelectricity, 3.Gas, oil lamps of various kinds, 4. Other. Figure 1 shows the percentage of households who did not declare using nationalgrid electricity for lighting. This is a proxy for the state of electrification over 2008-2014. It shows that the grid was already operational in most of the territory in 2008, but problem areas remain in the remote villages of the northern mountains are slow to disappear. The cost of these grid connections are high compared to the number of households serviced, in these areas there are not many roads.

With respect to the overall population, our data shows that:

In 2014, 97.7 % of households in Vietnam used grid electricity for lighting.

This number is consistent with the estimate of (Doan Van Binh 2010) who wrote that :

Vietnam has gone through a rapid increase in electrification since 1990 where electrification levels jumped from a pre-policy reform rate of less than 50% in the late Other estimates are also about one million without access. (EVN 2015) reports that by the end of 2014, as much as 98.22 % percent of households were connected to electricity , which means that 1,78 % were not. According to (General Statistical Office 2015, 23-25), as of 1 April 2014 the national population of Viet Nam reached 90,493,400 people […] In 2014, the number of households in the entire country reached 24,264,990, an increase of 1,820,668 households since the 2009 Census. Based on the previous numbers, about 430,000 households were not connected in 2014, and assuming an homogeneous household size that amounts to 1.5 million people.

Figure 3 shows the amount of electricity the households declared using in the last month. Vietnam is a lower middle income economy in 2014. In this context, the median amount of electricity usage was 100 kWh per month, and the first quartile 50 kWh:

In 2014, out of four Vietnamese households, one used less than 50 kWh per month, and another between 50 kWh and 100 kWh.

Over the 2010-2014 period the distribution shifted to the right, that is towards higher quantities.

The median electricity consumption per Vietnamese household in the surveyed month went from 73 kWh to 100 kWh in these four years (+40%), and the mean from 104 kWh to 126 kWh (+21%).

Over that period, the use of electricity by Vietnamese households moved towards a more uniform distribution. The Gini index of Figure 3 The main reason why the electricity consumption increased is economic growth, as shown Table 1.

Richer consumers demand more electricity. To quantify this effect, we regressed within period the 8 quantity of electricity used over the annual income, for the poorer households defined as those with annual income below 200 M VND (about 8800 USD). The relation is stable for all three years (see Supplementary_Figure 1), we report only for 2014:

Electricity use in kWh per month = 28.3 + 0.99 * annual income in M VND (eq. 1)

In other words, statistically these Vietnamese households used 1 kWh per day as basic needs, plus 1 kWh per month for each million VND of annual income.

That rule of thumb only applies to compare different households within a period. It does not apply across periods. From 2010 to 2014, the increase in electricity consumption was 27 kWh for the median, and 22 kWh for the mean. According to our survey dataset, the household income increase from 2010 to 2014 was about 12 M VND2014 for the median and 11 M VND2014 for the mean, when adjusted for the inflation of the consumer price index. We did not use panel data, but these aggregate numbers suggest that across periods, the electricity / household income elasticity may be much higher than 1 kWh per million VND.

Overall, these numbers have shown that in 2014 almost all households in Vietnam had access to electricity, in quantities coherent with a middle income development level.

Energy affordability ensured by block tarification and subsidies

Figure 2 shows the electricity tariffs in Vietnam, from 2004 to 2014, compared to inflation. There are many curves, because the tariff is progressive. In 2010 for example, consumers paid electricity 600 VND/kWh up to the first 50 kWh, then 1004 VND/kWh from the 51st kWh to the 100th, and so on (see Supplementary_Figure 2).

Progressive block tariffs for electricity are popular for many developing countries since it has two advantages. Progressive block tariffs mean that the more a household consumes the higher price it has to pay. First, they ensure that poor people can access to electricity at lower price. Second, progressive tariffs stimulate electricity saving behavior, since bigger consumers face higher marginal costs. The first block can be provided at a price lower than production costs, enacting a solidarity between users.

Vietnamese government has adopted progressive block tariffs for electricity since 1994. The rules have evolved as follows :

• 1994: 3 blocks -the first block is 150kwh

• 1995: The 1994 first block was separated to 100kwh for new first block and 50kwh for second block

• 1997: adding new blocks but the first two remained the same

• 2009: splitting the first block to 2 blocks. The first 50kwh has the price of 35 -40% of average electricity price. The second 50kwh has the price equaling to the average production costs.

• 2011: amending the first two blocks

• The first block is 0 -50 kWh. The price equals to average production costs. This block and price is only for low income households which consume less than 50kwh per month. These households have to register to EVN for the block. If the electricity 10 consumption of three months exceeds 150 kWh, the seller will apply the price for the second block.

• The second block is 0 -100 kWh. The price is set to the average approved price of electricity.

• A household which has an income poverty certificate would get the subsidy of 30.000 VND/household/month if it consumes less than 50 kwh.

• 2014: Adding households that get subsidized price. The household must meet the criteria that Prime Minister define and use less than 50 kWh per month. The subsidized amount equals to the consumption of 30 kwh at the price of the first block.

Figure 2 shows that electricity tariffs for the first block was kept under control during the highinflation years after the global economic crisis of 2008 [START_REF] Nguyen | Preventing Power Tariffs From Stoking Inflation[END_REF]. This contributed to protect the poorer consumers and to mitigate inflation. Tariffs eventually caught up when the inflation cooled down (TN News 2012), but as of 2017 are still lagging behind the general price index.

Table 2 shows the weight of electricity bill in the budget of households (see Supplementary_Figure 3 and Supplementary_Figure 4 for the full distribution curves). This is in real terms, corrected for the inflation of the consumer price index. Between 2008 and 2014, Vietnamese households became richer, and the amount of money that they devote to electricity almost doubled. The share of income that Vietnamese households devote to electricity remains modest :

In 2014, 95 % of Vietnamese households devote less than 6.2 % of income to electricity.

This can be regarded as a measure of success that electricity is affordable in Vietnam, as it is far below the 10 % energy poverty limit mentioned above Section 2 (see Supplementary_Figure 5). It does not include any fuel expenses, for transportation or cooking. However the table shows a worrying trend:

Between 2010 and 2014, the share of income that Vietnamese households devote to electricity increased by about one third. In 2010, one out of four households in Vietnam declared that their electricity use was insufficient to meet their needs. That ratio dropped under 3 % in 2014.

Satisfaction : people say their electricity needs are meet

Figure 4 shows geographically this rapid progress in satisfaction between 2010 and 2012. In the 2014 survey wave, only 2.7 % answered that their consumption of electricity did not meet their needs. This may be a surprising result compared to the relatively slower progress of the grid shown Figure 1. During the 2010-2014 time period, what quick and decisive progress towards meeting the UN Sustainable Development Goal 7 could explain this result? Several reasons can be considered.

Expanded energy access: we do not think that is the main reason for the result. The grid did not expand that fast. A systematic survey error may be present, but according to the survey documentation, the wording of the question was exactly the same in 2010, 2012, 2014.

Energy-using expectations and behaviors are known to adjust. Would it be that households were more able to meet their needs with what was provided? We believe this effect may rather play in the opposite direction, given that the equipment levels increased. Regarding the demand for electricity by households, (General Statistical Office 2015, 26) stated that:

The percentage of households with fixed and/or mobile telephones reached 85%, the rate of households using a computer was 25.1%, the rate of households using a washing machine reached 30.9% and the rate of households using refrigerators was 59.0%. All of these were at least twice times higher than the indicators in the 2009 Census. In addition, the rate of households using air conditioning stood at 13.3%, nearly three times higher than the rate in the 2009 Census.

We cannot rule out that physiological needs decreased. Energy demand is known to be sensitive to weather, which is random. It is conceivable that the 2010 heatwave could have led to exceptionally high cooling needs and shortages due to low flows to hydropower stations. Further research is necessary to assess this effect in Vietnam, and to compare the 2014 heatwave to previous ones.

We conjecture that another reason for increasing satisfaction levels between 2010 is that the reliability of electricity supply increased. We cannot verify this conjecture statistically here, but in 2010 there were many shortages due to delays in adding new coal power plants. After Are the households who declared that their electricity usage did not meet their needs counted with the objective energy poverty indicators discussed in the two previous sections? First, consider the 'energy poverty bar' idea based on the quantity of electricity used. Table 3 shows that in 2014, the electricity consumption of households with unsatisfied tend to be lower than in the rest of the population. In 2014, half of the households in Vietnam who declared insufficient electricity used less than 22 kWh per month. A TV and fans can also fit in this energy budget. However, it does not go beyond into modern comfort appliances. This amount of energy is not enough to run an air conditioning unit, refrigerator, electric cooking or heating.

While households who declared that their electricity usage did not meet their needs tend to use little electricity (in 2014), the converse is not true. In our sample, among the households who used less than 30 kWh of electricity, most did not declare their needs unsatisfied (see Supplementary_Figure 6). Using small quantities of electricity can satisfy needs, if they are modest. This shows that the absolute amount of energy used is not a sufficient indicator to determine satisfaction. It is the perceived comparison of the energy used with the needs of the household that determine sufficiency.

Second, consider 'high cost' ideas based on the share of income devoted to electricity. As mentioned previous, in 2014; about 6% of households had 'high costs' of electricity, defined as over 6% of their income. Keeping only the 'low income' households, there is less than 1% of the population in the 'Low income High cost' energy poverty situation. Survey results show very small overlap between that population and the households declaring than their needs were not met (see Supplementary_Figure 6). This shows, again, that the share of income devoted to energy is not a sufficient indicator to determine satisfaction. [START_REF] Vignon | Premier Rapport de l'ONPE: Définitions et Indicateurs[END_REF]) also found a low correlation between objective and subjective energy poverty indicators. More specifically, in France, only 20% of the households spending more than 10% of their income on energy also declare suffering from cold. More investigation seems needed to better understand these effects, which also depend on the effectiveness of existing subsidies (see Supplementary_Figure 6).
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Discussion

Key performance indicators

Based on our survey data, Table 5 summarizes the three previous sections in key performance indicators to monitor progress towards the sustainable development goal SDG7 related to access to clean, reliable and affordable energy for all. Indicators are reported in the "minimize" direction.

The first row directly refer to the KPI #51 (see section 2). For now the problem of providing access to clean energy for all is largely solved. The fraction of households without access to electricity is one to two percent. This represents in the order of a million people, in areas where extending the grid is technically and economically difficult. The future may involve more decentralized electricity supply in these areas.

The second row is about satisfaction, the share of households stating that their electricity needs were not met. The perceived sufficiency of supply relates to the 'reliable' dimension of the SDG7.

These two indicators show success on the basic level of the sustainable development goal. Two essential engineering challenges have been solved : access to grid -as apparent from the first rowand generation capacity to satisfy demand -as apparent from the second. In one generation, most Vietnamese families are experiencing the transition from using decentralized, traditional energy to using modern fossil fuels and electricity grid power from centralized production sources.

The third row is the share of households below an electricity poverty line. This is a classic indicator. The literature offers many diverging approaches about where is the line. In the table we set the electricity poverty line at 30 kWh. There are three reasons to choose this number in Vietnam. First, it is the amount subsidized in official policies. Second, it is close to intercept when we regress the electricity consumption on income. Third, it corresponds to 1 000 Wh per day, which is a round number easy to reason with by stakeholders and researchers alike.

That third row shows that more than 10% of the population is still on the first step of the energy ladder -with less than 1 000 Wh per day, one can hardly use a refrigerator or air conditioning. This fraction is declining. This is consistent with the lower middle income status of the economy.

The fourth row is the share of households spending less than 6 % of income on electricity. This is also a classic indicator discussed above, related to affordability. We set the threshold at 6% for 15 Share of households paying more than 6 % of their income for electricity 2.6 % 2.4 % 3.1 % 5.5 % several reasons. a) Our statistic is for electricity only, excluding fuels for heating and transportation. b) The low number of answers in Vietnam at 10 % implies that relative measurement error is larger. c) For these reasons, we believe that 10 % threshold, commonly used in the literature discussed section 2, is not the appropriate criteria here. d) The shape of the tail of the distribution is regular, so the value of the threshold is does not matter much to assess progress. It does not matter is we look at a 4%, 6% or 8% threshold: the burden is increasing, fast.

That fourth row shows that electricity is affordable for most households in Vietnam. The improvement between 2008 and 2010 coincide with a period where the electricity tariff increased slower than the inflation. The degradation after 2010 show that electricity expenses have increased faster than income. One part of this is a price effect, the first block catching up with the general level of prices, and another part is a quantity effect, with demand for electricity increasing.

Future challenges

In 2014 almost all households in Vietnam had access to affordable and reliable electricity, but one KPI is not moving in the socially ideal direction. There are challenges ahead. As apparent in Table 1, the population growth rate is about one percent per year, and the economic growth rate six percent, the urbanization gains 0.7 percentage point per year. The average size of household is also decreasing, as the traditional family model with three generations under one roof is loosing ground. These factors imply a continued growth in the demand for electricity services. This growth has to be met by increase in energy efficiency and increase in energy generation, transmission and delivery capacity. This is challenging as the level of public debt is getting near the limits defined by the parliament, and the electricity generating companies are also deeply in debt. The domestic production of coal has peaked and since 2016 is too low to feed all power plants. Raising further the price of electricity is necessary to pay the price of imported coal, to finance investments in capitalintensive solar and wind power plants, to reinforce the grid and to make it smarter.

There is no space to discuss here all these challenges in detail, but we can explore one policy opportunity to meet them: household-level data allow to examine the distributional consequences of an increase of retail electricity tariffs accompanied by a change in subsidies mechanism.

More precisely, we demonstrate here that it is possible to reform the electricity tariff to achieve at the same time two seemingly opposite goals: increase the total sales revenue and improve the welfare of those who remain energy poor. The key to this is making the tariff more progressive. We will compare the tariff effectively paid by consumers -called "EVN 2013" in what followswith a more progressive tariff.

Outline of a revenue-increasing, more progressive electricity tariff reform

The electricity tariff reform question is politically important as of 2017 [START_REF] Quoc | Study on the Impacts of Electricity Tariff Increase on the National Economy of Vietnam[END_REF][START_REF] Keefjes | Green Growth and Fossil Fuel Fiscal Policies in Viet Nam -Recommendations on a Roadmap for Policy Reform[END_REF][START_REF] Long | Ensuring Social Equity in Viet Nam's Power Sector Reforms[END_REF]. A complete discussion would require working with many months from observed rather than declared data, considering differences in household composition, making forward looking projections for demand and macroeconomic considerations on inflation. More modestly, we discuss a more progressive tariff based on these principles:

A) The first block ensures universal access for basic needs, for free.

B) The top block is incitative. The marginal cost of electricity is set high, so that households who can conserve energy and invest in domestic production such as solar PV do so.

C) The middle blocks are where the majority of households lie. Tariff is based on electricity production costs. In a four blocks tariff, there are two middle blocks. The difference between them is about the way solidarity goes. A household at the frontier between blocks two and three pays exactly its electricity production cost. Consequently, those in the third block and above are subsidizing those in the first two blocks.

The primary justification for A) is that the existing subsidy mechanism does not work well. In the 2014 survey, the households receiving the subsidy were only: 20% of households declaring that their electricity use did not meet their needs ; 8.8% of households those bill was over 6% of their income, and 37% of households using less than 30 kWh in the last month (see Supplementary_Figure 6, bottom). Many eligible households do not claim the subvention because given their socio-economic conditions, the time and other administrative costs to claim it are large relative to the amount of the subvention -worth about 2 dollars per month. Others may not know the existence of the subvention.

Extending the subsidy all households, regardless of their income or power consumption level, eliminates that administrative cost. Moreover, making the first block free has an ethical basis on universal access to basic needs, and is a political carrot to offset the increase of marginal costs stick.

The first block is 30 kWh in our example. Currently, the first block limit is 50 kWh, but the current subsidy is only for 30 kWh of electricity. A smaller first block minimizes the cost of the measure to EVN. And this is greater than the 22 kWh we discussed above, it allows basic needs such as as phone charging, lightning and fan.

The last block starts at 300 kWh in our example. This aims the incitative tariff at the top 6% of electricity consuming households in the survey month. The EVN 2013 tariff distinguishes between a [300 kWh , 400 kWh ] and a >400 kWh. In 15 years, the relative difference between the tariff of those two blocks never exceeded 3.4%. Regarding income, it makes little difference to merge them into a single "over 250 kWh". Regarding political aspects of the tariff reform, more simplicity and dropping the top block makes a difference. Alternatively, defining the last block at >250 kWh would target the top 10% electricity using households in 2014.

We set this upper block tariff to 3500 VND/kWh, a marginal electricity cost of about 15 US cents/kWh. In the power system of tomorrow, so-called the Smart Grid, a critical mass of households will have become energy prosumers, and take an active part in providing energy and services to the electric network. A high electricity tariff alone is not sufficient to ensure that households take action, but it is more than a small nudge in the right direction. Numbers for this block are meant to shock and awe in proportion to the urgency of the climate change issue.

Having thus defined the first and last blocks, we turn to the middle blocks. In our example, we define the difference between the second and third blocks so that it defines the direction of solidarity. Households in the second block pays electricity at less than production costs, while those in the third block pay at more than cost. This requires defining the limit and tariff of the second block at the same time. If we keep to the round block limits used so far in Vietnam, there are two options, 100 kWh per month and 150 kWh per month.

• Setting the block limit at 100 kWh with a tariff of 2200 VND/kWh would ensure that the average cost of electricity to a household consuming 100 kWh per month, with the first 30 kWh for free, equals the EVN production cost which was 1540 VND/kWh in 2014 according to [START_REF] Evn | Announcement of EVN Electricity Production Cost of 2014[END_REF]. This divides the burden roughly 50/50 in numbers of households: half would pay less than the average production cost, and half pay more.

• Setting the block limit at 150 kWh with a tariff of 1925 VND/kWh ensures that the average cost of electricity to a household consuming 150 kWh per month, with the first 30 kWh for free, equals 1540 VND/kWh. This divides the households 70/30. This is the option used in our example.

According to VHLSS data the median annual household income in 2014 was 81 million VND.

According to (eq. 1) this corresponds to a monthly consumption of 108.5 kWh. With our option choice, the household with median income level falls in the second block, paying less than production cost.

The EVN 2013 tariff had a [50-100 kWh] block at the 1418 VND/kWh tariff, and a [100-150 kWh] block at the 1622 VND/kWh. For both options, the marginal electricity cost will increase. Accounting for the free 30 kWh, in the first option the households using less than 50 kWh would still come ahead under the more progressive tariff. As seen above this is a quarter of the household numbers. In the second option, households using up to 80.8 kWh benefit from the more progressive tariff.

We set the tariff for the third block at 2500 VND/kWh. This is purely illustrative. Total revenue generated would be an important criteria for this number.

Impacts of the more progressive tariff

In terms of total cost of electricity, the EVN 2013 and the more progressive one defined above are very close up to 150 kWh (see Supplementary_Figure 7).

We re-estimated the monthly bill of each household in the sample under the more progressive tariff. On the one side, we found that:

• The share of households with a zero electricity bill increases from 2.2% to 6.5%. The majority were not previously subsidized.

• Any household which were previously directly subsidized, do not loose their previous benefit, they access 30 kWh for free as every other household.

• The bill decreases for 28.3% of households, at most by -29.6 kVND.

On the other side, we found that the total revenue to EVN increases by 15%. This is because the average bill increases 15% from 199.9 kVND to 229.1 kVND, that is 29.2 kVND. Moreover:

• For 50% of households, the bill increases over 19.7 kVND

• For 5% of households, the bill increases over 83.6 kVND

• For 1% of households, the bill increases over 301.7 kVND, with a maximum increase of 1374.0 kVND Supplementary tables 1 and 2 provide more detailed results on the impacts on energy poverty of using the more detailed tariff, using different definitions of energy poverty. It stands out that the reform negatively impacts the households who already have a high cost of electricity, i.e. those who pay more than 6% of their income on the electricity bill. For example, the progressive tariff pushes 2.7% of the households in the high cost condition, while it lifts only 0.3% out of it.

But as shown in the theoretical literature discussed section 2, the high cost condition does not mean energy poverty. That criteria does not account for absolute wealth level, so it conflates rich households who spend a lot on energy services with poor households how cannot afford enough energy services. Our results show that under an energy poverty definition considering both high cost and official poverty status, the redistributive consequences of the tariff reform are not regressive.

Conclusion

To sum up, in 2014 almost all households in Vietnam had access to affordable and reliable electricity, in amounts coherent with a middle income development level :

• In 2014, 97.7 % of households in Vietnam used grid electricity for lighting.

• In 2014, out of four Vietnamese households, one used less than 50 kWh per month, and another between 50 kWh and 100 kWh.

• In 2014, 95 % of Vietnamese households devote less than 6.2 % of income to electricity.

• Between 2010 and 2014, the share of income that Vietnamese households devote to electricity increased by about one third.

• In 2010, one out of four households in Vietnam declared that their electricity use was insufficient to meet their needs. That ratio dropped under 3 % in 2014.

Our theoretical contribution to debates on energy poverty is to account for the human dimension by using an self-reported satisfaction indicator. We have demonstrated that, at least for Vietnam in 2014, objective energy poverty indicators defined from engineering or economic data alone are not sufficient to measure the satisfaction of needs. Our study shows that the subjective energy poverty indicator -designed from surveys asking people they had enough electricity to meet their households needs-is not subsumed by either the 'below poverty line' or the 'low income high cost' indicator.

Moreover, the subjective indicator may be easier to measure, and less biased than indicators based on energy companies. In our case for example, the national electricity company did not compute the System Average Interruption Duration Index in 2010. But the subjective satisfaction indicator was available. Only this indicator provides a clear view the development of access to affordable and reliable energy in that period.

Vietnam now faces the tough problem of financing the transition of a clean energy system. We show that there is an opportunity to increase the retail tariff of electricity without compromising the poors' access to affordable electricity. The more progressive block tariff we illustrate increases the revenue for EVN by 15% and at the same time provides free access to 30 kWh basic need per household. Lowering the costs to 28% of the households comes at the expense of increasing them for the 72% others. But we argue that high marginal electricity cost to the highest consumers is a useful signal in the context of clean development. 

Figure 1 :

 1 Figure 1: Progress of electrification. The share of households not relying on the national grid for lightning decreased from 2010 to 2014 in most provinces.

  's distributions was 45.3 in 2010 , 43.1 in 2012 and 42.6 in 2014.

Figure 2 :

 2 Figure 2: Monthly electricity usage by households in Vietnam. This is a cumulative distribution. For example, it shows that in 2010, about 80 % of the households used less than 150kWh of electricity in the month.

Figure 3 :

 3 Figure 3: The price of electricity in Vietnam increased slower than other prices. Electricity block tariff for households in Vietnam, and inflation (Consumer Prince Index)

Figure 4 :

 4 Figure 4: Satisfaction levels progress. The share of households declaring their electricity consumption was not sufficient to meet their needs in the previous month decreased rapidly between 2010 and 2012.

Supplementary_Figure 1 :

 1 Monthly electricity use as a function of annual income (declared, current million VND) for households in Vietnam. Richer households use more electricity. Regressions are limited to households with income < 200 M VND and do not include other known influential variables such as local climate, household size or housing characteristics.23

  

  

  

  

Table 2 :

 2 Electricity bill as a fraction of income.

	Source : VHLSS				
	Year	2008	2010	2012	2014
	Households not paying	0.02 %	3.4 %	3.2 %	2.1 %
	anything	of household	of households	of households	of households
	Households paying more than	2.6 %	2.3 %	3.0 %	5.4 %
	6 % of their income for	of households	of households	of households	of households
	electricity bill				
	Half of the households pay less	1.7 %	1.5 %	1.8 %	2.1 %
	than	of income	of income	of income	of income
	95 % of the households pay	4,8 %	4.6 %	5.2 %	6.2 %
	less than	of income	of income	of income	of income

  Table 4 summarizes the answers to VHLSS 2010/2012/2014 surveys Q12. Has consumption of electricity [.…] been sufficient to meet needs over the last 30 days? It shows that :

Table 3 :

 3 Quantity of electric energy used a month.What does 22 kWh per month means in terms of basic needs? It amounts to 733 Wh per day. This is largely enough to charge many telephones, since a phone battery contains about 5 Wh. It is also enough for lightning, as a modern efficient light bulb about 10 W and it is used a few hours per day.

	Source : Vietnam Intercensal Population and Housing Survey (2014)	
	Electricity used in the last month	All	Households who
		households	declared
			Insufficient electricity
			use
		n = 45 990	n = 611
	Median	100 kWh	22 kWh
	(half of the households used less than this)		
	50 % Interquartile range	50 -166 kWh	0 -80 kWh
	(one quarter of the households used less, one quarter		
	used more)		
	90 % Interquartile range	15 -320 kWh	0 -214 kWh
	(5 % used less, 5 % used more)		

Table 4 :

 4 Satisfaction with the electricity consumption.

	Survey year	2010	2012	2014
		n = 9 261	n = 9 242	n = 22 695
	Not sufficient	24.4 %	4.8 %	2.7 %
	Sufficient	72.6 %	89.6 %	91.7 %
	More than sufficient	3.0 %	5.6 %	5.6 %

Source : Question 'Has your household's consumption of electricity over the last 30 years been sufficient to meet its needs ?

' , Vietnam Intercensal Population and Housing Survey (2010[START_REF] Hills | Getting the Measure of Fuel Poverty: Final Report of the Fuel Poverty Review[END_REF], 2014)

.

Table 5 :

 5 Evolution of key performance indicators towards access to clean and affordable energy for all in Vietnam (less is better).

	Year	2008	2010	2012	2014
	Share of households not using grid	4.3 % /	4.7 % /	4.4 % /	3.1 % /
	electricity for lightning, rural / urban	0.3 %	0.3 %	0.3 %	0.2 %
	Share of households declaring their	NA	24.0 %	4.7 %	2.7 %
	electricity use within last 30 days did not				
	meet their needs				
	Share of households declaring less than	NA	16.4 %	14.0 %	13.1 %
	30 kWh of electricity use within the last				
	30 days				
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