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[bookmark: _Toc206536503]ABSTRACT


This paper investigates the relationship between household energy consumption (electricity and gas consumption) and the related behavioural characteristics during a year within the financial crisis. Although energy consumption is an important macroeconomic indicator it is often misunderstood how important the role of residential or household energy consumption is.

Consequently, although there is some research within the area of household energy consumption there is a lack of understanding of household energy practices. In this sense, household consumption is still very much a “black box” for those interested in this area. Furthermore, literature-involving data sets that follow the same consumers over a longer period of time are rare prompting the interest for research in this area. The author used available literature (including scientific journals, reports and trends), and conducted field research in the form of questionnaires within a for him familiar district in The Hague, Netherlands. The target group being 39 households, where domicile did not differ in terms of size or year of construction. The spread of data amongst low, normal and high-energy intensity users was preserved as well as possible to avoid selection bias amongst these classes. A cross sectional and multivariate analysis provides interesting revelations as to the drivers of household energy consumption and in turn which groups offer the most interesting opportunities for energy conservation. This last point however is not discussed in further detail within this paper but rather offers an opportunity for further research.  
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[bookmark: _Toc206536504]1.0 INTRODUCTION:

Given the onset of current global economic downturn, marked by a fall in economic growth both in terms of Gross Domestic Product (GDP) and Gross National Income (GNI) since 2008 (World Bank GNI Metadata, 2010), governments are plagued with finding a balance between stimulating investment and cutting expenditure. Despite this, and given the importance of energy in our world, awareness and attention for reducing greenhouse gas emissions have continued to gain pace since the intervention of Kyoto Protocol in 1997. Since this milestone where ratification from 141 parties was achieved to collectively set targets about Global CO2 emissions, the European Union (EU) target under the Kyoto Protocol for the period 2008–2012 was to reach a reduction of CO2 emissions by 8% compared to 1990 levels (Sardianou 2007). Since Kyoto a further three important conferences: Climate Conference (2000), World Summit on Sustainable Development (2002) and Climate Change Conference in Copenhagen (2009) were organised to address the need for a sustainable future above economic growth. In 2007 the EU set ambitious targets for its member states to improve energy efficiency by 20% by the year 2020 (Sahakian 2011). However this was closely marked by the onset of what has been coined the worst Global Financial Crisis (GBC) since the Great Depression in the 1930’s. It is anticipated that the further development of the BRIC countries (Brazil, Russia, India & China) growing demand for energy will lead to a 40% increase in energy needs over the next 20 years (Joffe 2009). This puts considerable stress upon oil prices with the effects being felt by and households. 

[bookmark: _Toc206536505]HOW IMPORTANT IS HOUSEHOLD ENERGY CONSUMPTION?

Whilst this topic of CO2 emissions is often coupled with energy efficiency, energy consumption and sustainable energy, it is often misunderstood how important the role of residential energy consumption is. 

Residential and commercial buildings are often grouped together because they use energy in the same way, i.e. for heating and cooling, lighting, heating water, and operating appliances (http://www.eia.gov). In 1999, the United Nations published that the household sector is responsible for about 15 to 25% of primary energy use in OECD countries and for a higher share in many developing countries (Dzioubinski and Chipman, 1999). In a recent publication by the International Energy Agency it is estimated that buildings - residential, commercial and public -account for one-third of the globe's total final energy consumption (International Energy Agency 2008). According to a similar report in the Netherlands (Energie-Nederland 2011) households in the Netherlands were quoted as being accountable for 24% of electricity use and 20% of gas consumption. Overall, households in the Netherlands are responsible for 17% of the total energy consumption (Energy Research Centre of the Netherlands 2009), (MURE 2011).
[bookmark: _Toc206536506]PROBLEM DEFINITION:

Despite the relative importance of household energy consumption in the world, there is still a lack of understanding and reinforcement of energy consumption practices. The Netherlands prides itself as being one of the leaders in energy conservation and best practices herein. Given this, it is would be reasonable to assume that household be in control of what they consume during an economic downturn.

In a nutshell, this paper takes on the following research objective:

Research objective - Core research question: 

“How are household energy consumption and behavioural characteristics related to each other in a year during the financial crisis?” 

[bookmark: _Toc206536507]TRENDS OF THE RECESSION

It is widely accepted that we are in a period of global financial crisis. The period 2007 – to date has been marked by the collapse of a number of leading financial institutions and wide scale bailout of banks and the tumbling of stock market prices. The effects can be seen in consumer spending, unemployment and the housing market amongst others (Baily 2009) (United Nations 2009)

In their article ‘Understanding the post recession consumer’ Flatters & Wilmott (2009) identify a number of trends in consumer behaviour. They typify the period prior to the financial crisis to be the product of 15 years of uninterrupted prosperity albeit with the occasional dip that didn’t last for more than a year. The effect of this period was that consumers continued to invest in gadgets and technology and for a large part for enrichment purposes rather than content purposes. There was also a greater interest in green consumption. As a result of the current recession, Flatters & Wilmott (2009) observed the following key trends:

· Consumer demand for simplicity
· Call for ethical business governance
· A desire to economise
· A tendency to switch from one provider or supplier to another

The need for simplicity and user friendliness is the result of increased stress caused by the complexity of overwhelming choice.  Similarly, the call for more ethical business governance is not surprising given the number of scandals and failure to protect the investor despite excessive pay and bonuses. As a result, a number of high profile firms have been forced to enter receivership and governments have been prompted to provide bailouts to avoid a any further economic collapse. Another effect during the recession is a shift in focus towards cost management and tighter budgets with even the wealthier consumers pushing for  “more for less.” This need to economise can be witnessed in recycling and eliminating waste. Finally it goes without saying that customers choose to switch between providers and suppliers for reasons mentioned.

Flatters & Wilmott (2009) also observed a decline in the following trends:

· green consumption
· respect for authority
· ethical consumption
· extreme experience seeking

Whilst green consumption has dominated the social and political agenda for more than a decade, such environmentally friendly products often come at a higher price. For this reason green consumerism is expected to take a back seat role unless their substance is more than just “green washing.” Perceived failure of governments and regulatory bodies has led to a demise in respect for such authority. Instead consumers feel as though they need to do their own research in order to facilitate choices made. Previously they might have trusted traditional sources of authority such as business people, economists, doctors, and other upstanding members of the community. Like the fall in green consumption, concern for ethical consumption and charity weakens. Consumers after all tend to look after their own interests before venting concern for others. All in all, frivolous consumer expenditure and experience seeking is shelved until confidence in the economy is restored Flatters & Wilmott (2009), (International Energy Agency 2009).

As cited in Brounen, Kok & Quigley (2012), Lakshmanan and Anderson documented concern for the energy crisis in the aftermath of the oil price shocks during the 1970’s and this again received attention more recently with regards to residential electricity demand (Reiss & White, 2005)

In theory, one would think that an emphasis on greater energy consciousness would lead to a change in energy consumption and behavioural characteristics.
[bookmark: _Toc206536508]DEFINITION OF HOUSEHOLD ENERGY CONSUMPTION & TRENDS

Since the scope of this research is limited to the research of household energy consumption behaviour within the Netherlands, the author has decided to use the IEA definition of  “household energy consumption” (International Energy Agency 2008):

“ all energy-using activities in apartments and houses, including space and water
heating, cooking, lighting and the use of appliances. It does not include personal transport”

The drivers of household energy consumption comprise mostly of the need for heat in the form of gas consuming systems (boilers & central heating systems) and electricity for appliances. Team analysis from The Dutch National Think Tank (NDT) report (Stichting De Nationale DenkTank 2009) found that 54% of household energy expenditure was spent on gas consumption and 46% on electricity consumption excluding energy taxes and VAT (Energie-Nederland 2011). See figure 1.1 below.


Figure 1.1 Dutch household energy consumption expenditure adapted from (Energie-Nederland 2011)

Household gas consumption is determined by the surface area, number of rooms, form of insulation and the state and of year of construction of the accommodation. The latter affects the “leakiness” or otherwise what is sometimes referred to as the heat-loss coefficient of the building (Mackay 2008). Such variables can be measured or expressed as quantitative factors or characteristics. In addition to this, the behavioural patterns of residents also influences how much gas is consumed by households (NIBUD, 2009; Egmond, 2010). Although it is not always explicit in the literature, most behavioural patterns take a qualitative nature as these attributes describe items in terms of some quality or categorization. As figure 1.2 below illustrates, the majority of household gas consumption is spent upon heating the home and providing warm water. 
Figure 1.2 Adapted from (Energie-Nederland 2011)

Electricity consumption is although not directly dependent upon the size of the accommodation, it is more tightly geared to the number of people within the household. It is proven that the greater the number of household members, the more electrical appliances used (NIBUD 2009).

Figure 1.3 below illustrates the composition of electricity use within Dutch households.


Figure 1.3 Composition of electricity use Dutch households adapted from (Energie-Nederland 2011)

Figure 1.3 elaborates upon how electricity is typically used within the household. As the chart shows, almost 70% of household electricity consumption is spent upon cleaning, cooling, lighting and heating. Whilst more dynamic than gas consumption, it is perhaps worthwhile noting that most of these activities are spent on maintaining basic functions within the home and not upon powering entertainment or personal devices. 
In the quest to examine household energy consumption various sources were used (Central Bureau of Statistics (CBS); NIBUD, 2009; and (Energie-Nederland 2011)) to be able to provide the reader with an overview of how average gas and electricity consumption has developed per household in relation to income. Table 1.1 illustrates this:




	 
	Average gas consumption per household [m3]
	Average electricity consumption per household [kWh]
	Average income households private housing x €1000

	2000
	1,965
	3,230
	42.3

	2001
	1,875
	3,255
	44.9

	2002
	1,812
	3,275
	46.5

	2003
	1,759
	3,296
	47.4

	2004
	1,736
	3,346
	48.9

	2005
	1,664
	3,397
	49.8

	2006
	1,643
	3,402
	51.6

	2007
	1,560
	3,521
	54.2

	2008
	1,625
	3,558
	55.3

	2009
	1,608
	3,430
	55.6

	2010
	1,608
	3,430
	55.7

	2011
	1,617
	3,480
	 


Table 1.1 Adapted from: Energy-Ned & CBS data (corrected for temperature)

Representing this information once again graphically helps us to visualise how household energy consumption has developed in the last decade including during the onset of the global financial crisis towards the end of 2007. It is important to stress that gas consumption is corrected for temperature to avoid the changes being attributable to severe winters. 


Figure 1.4 Average gas consumption per household in the Netherlands (2000 – 2011)
As the graph in figure 1.4 above shows, household gas consumption has continued to fall in the last ten years. Numerous sources point to this 18% decrease in gas consumption between 2000 and 2011 being the result of significant improvements in technology in heating both water and serving heating systems (Energie-Nederland 2011); (MURE 2011). Furthermore, newly built houses have become better insulated to better retain the heat created (Guerra Santin, Itard, Visscher, 2009; Santamouris et al, 2007). Conversely these advances have been partly conceded by longer and more frequent showering times. 

The IEA warned that whilst spatial energy consumption appears to have stabilised, it continues to be the most important driver of energy consumption within the residential energy sector. Nevertheless, it is expected that a greater reliance on electricity consumption prompts the need to address this issue (http://www.odyssee-indicators.org, 2011). 

Electricity consumption on the other hand continued to gain pace between 2000 and 2008, before witnessing a sharp fall in 2009 and stabilisation in the last two years. See figure 1.5 below.  


Figure 1.5 Average electricity consumption per household in the Netherlands (2000 – 2011)

The growth in electricity consumption up to 2008 is the result of an increasing demand for household appliances such as freezers, tumble dryers and dishwashers. Also the increased dependence on the PC/laptop and their peripherals being more commonplace in homes has played a pivotal role in increased household energy consumption (Energie-Nederland, 2011; MURE 2011). In the last 20 years for example the NDT documented that 80% of Dutch households are in possession of a computer (Stichting De Nationale DenkTank 2009). The number of lights in a Dutch household has also doubled within the same period and stand-by consumption is reported to represent as much as 8% -10% of electricity usage (Gram-Hannsen, 2009; http://www.milieucentraal.nl, 2012). According to Meier (2005) standby consumption is “energy consumed by appliances when they are not in active use”. Although this is not the central focus of this paper it is perhaps interesting to give this more than just a cursory inspection. The notion of standby is still a concept in its infancy and has only been publicly acknowledged within the last 10 years (Scott, Barreto, Quintal & Oakley, 2011). Consequently it was a neglected element in the know-how of how an appliance works and it required less effort to leave the appliance on standby mode than to turn it off. Gram-Hannsen (2009) put part of this down to adults not contemporarily being taught to switch of appliances as they did with lights and water since its power is integrated in the normal use of the appliance. In addition to this, Bordieu (as cited in Gram-Hannsen, 2009) stresses the importance of “habitus”. This refers to the intuition formed during childhood and determines habits and class position, and is an important determinant of how social structures are shaped by the physical surroundings a person possesses. Finally standby is a feature, which is embedded in the technological design or structure of an appliance. 
	
Similar to household gas consumption, another trend that has been witnessed is the replacement of household appliances that typically used large amounts of electricity with more energy efficient models. In addition to this, there has been a decrease in the average number of people per household within the Netherlands from 2.3 persons per household between 2000-2006 to 2.2 persons per household between 2007-2010 (www.cbs.nl, 2011). However the number of appliances per household witnessed an increase (Energie-Nederland 2011), (SenterNovem 2008). Without knowing this, an unsuspecting reader might be misled by the upward trend alone.

Furthermore, several studies have found that as we get richer, we use even more electrical appliances (Hellinga, 2010). Under the empirical section, we will examine whether this condition holds under periods of lesser economic prosperity such as during the financial crisis (2008- to date).


Figure 1.6 below provides us with an insight as to whether this condition holds within the Netherlands. 


Figure 1.6 Gross household income within the Netherlands 2000 – 2010 (adapted from www.cbs.nl, 2011)

As figure 1.6 above illustrates, an initial inspection of the graph shows that there could be a relationship between gas consumption and gross household income within the Netherlands although this too is speculative since gas consumption amongst household seems to have stabilised a number of years prior to the onset of the financial crisis in 2008. The correlation between electricity consumption and gross household appears even less convincing since electricity consumption has continued to rise (albeit with the exception of a slight fall (3%) between 2008-2009). Therefore it would be inappropriate to speculate upon drivers of change in household energy consumption during the financial crisis. This leads us to the literature review where a more theoretically sound explanation may be offered and tested within the empirical study later in this paper. 


[bookmark: _Toc206536509]2.0 LITERATURE REVIEW

Consumption plays an important role in economic theory whether we are interested in macroeconomics, the theory of the firm or consumer behaviour (Kotler & Keller, 2011). Similarly the field of consumer studies embraces three main paradigms; economic, psychological & cultural disciplines all of which have been used to approach energy studies in the past (Gram-Hanssen, 2009). For the purposes of this paper we have embedded the cultural paradigm under the psychological discipline since there is a great deal of overlap between the two.

[bookmark: _Toc206536510]ECONOMIC PARADIGM

As asserted above, existing literature on energy studies and in particular literature on energy behaviour is usually seen through three paradigms. Under the economic paradigm, traditional economists make a basic assumption that individuals are rational, i.e. when faced with choices agents (individuals) will choose that course of action that yields the greatest utility. Whilst this has proven to be true when studying the “theory of the firm” there has been a growing acceptance for behavioural economics. One of the pioneers of behavioural economics, Daniel Kahneman was awarded a Nobel prize for his work on “prospect theory” which placed the very logic of rationality under scrutiny. In doing so Kahneman found that although human choices may be orderly, they are not always rational (Tversky and Kahneman, 1992; (Thaler 2005)). 

Blundell (1988) found that there is little reason to believe that consumer behaviour holds at the aggregate level even if it holds at the individual level.  Therefore the ‘Engel Curve’ - a curve illustrating the relationship between household expenditure for a particular good or service and household income may not necessarily be useful in aggregating the result due to reasons of low homoethicity. Furthermore, price elasticity for household energy consumption is not linear in both the long term and short term (Mackay, 2008). Literature involving data sets that follow the same consumers over a longer period of time are rare indicating the need for research in this area. Hence one of the motivations reasons for this paper. Nevertheless, there is evidence to suggest that consumers use “grouping requirements” to facilitate their decision making process. For example, the number of switches to another energy provider amongst households from 334,000 in 2006 to 828,000 in 2010. (Energy in the Netherlands, 2011). This is consistent with the earlier mentioned trends observed by Flatters & Wilmott (2009).  

The other traditional finance assumption is that agents act upon new information accordingly. In his book “Predictably Irrational”, Ariely (2008) portrays people to display quirks in their behaviour. He describes humans to be myopic, easily confused and even vindictive. Although traditional economists never said that we should ignore emotion or sentiment, in practice most economists prefer to develop theories based upon mathematical models (Ariely, 2008). Even when evaluating new information in the decision making process, psychological factors play a role (Cowen, 2007). On this note, we discuss the next paradigm (psychological norms).

[bookmark: _Toc206536511]PSYCHOLOGICAL PARADIGM

For the purpose of this paper, the psychological paradigm has been subdivided in the following four elements.

· Need theories
· Perception & Culture
· Unconscious & routine consumption
· Goal setting theory

[bookmark: _Toc206536512]NEED THEORIES

It seems all too odd that whilst energy consumption is ranked as the second or third largest expenditure item for households after accommodation costs and a car running costs, most households seem all too willing to just accept this for what it is despite it being a variable expense. Moreover the whole purpose of liberalisation in 2004 was part of a European Directive requiring that all energy markets of EU member countries to be completely open by 2007 was to promote competition and improve servicing in these markets (Energie-Nederland 2011).

If we accept that demand for household energy is relatively inelastic (Redl, Haas, Huber & Bohm, 2009; Van den Bergh, 2008), it then follows that there are implications for the consumption function. An interesting counter argument to this was investigated by Palacio Eraso (2010) who discovered an inverse U relationship exists between household electricity and GNI. In his test amongst 169 countries between 1990 – 2007 he found that at around $38,630, household electricity consumption declines as income continues to rise. Fritzsche as cited in Brounen, D., et al., (2012) found the same inverse U relationship in his research amongst 20,000 households in the United States and put this down to different needs during the various phases of the human life cycle, i.e. lower consumption during the early and later stages of the life cycle. Baxter & Moosa (1996) identify energy products and housing amongst other “basic needs” as being more stable than other expenditure although they emphasise that such needs are not static over time. A criticism of this rationale however can be seen in the household consumption trends from figure 1.5 and figure 1.6. Here we see that consumption for electricity has been anything but stable, firstly because of the determinants and nature of energy consumption (climate, household demographics, number of appliances and secondly because of the concept of bounded rationality (Van den Bergh, 2008). This concept implies that we use the information made available to us. This is discussed further under feedback. 

Despite this criticism, Baxter & Moosa’s view dates back to classical economists such as Ricardo & Smith (Baxter & Moosa, 1996). Fifty years ago, a colour television, washing machine and landline phone might have been seen as luxury items whereas today these items are often seen in multiple quantities in single unit households and might be coined as being necessary basic goods ‘out habit.’ We discuss the notion of habit further on in this paper. Georgescu-Roegen and Stone (as cited in Baxter & Moosa, 1996) agree that wants are hierarchical up to a certain extent before they become replaced by needs. Maslow’s hierarchy of needs (1970) depicted this idea in a pyramid style. 
In this pyramid of needs, Maslow argued that higher order needs (esteem & self-actualisation) could not be met until the lower order needs (physiological and safety needs) were satisfied. Whilst some scholars may argue that physiological warmth (spatial heating) consumption would fall under the category of fulfilling physiological needs, others might argue that energy consumption for the purposes of maintaining television or phone or other digital appliances are also necessary for their safety, i.e. without being updated by the news or carrying a mobile their safety might be compromised. On the other hand, consumption energy to power a laptop for educational purposes might be viewed by others as serving to fulfil self-actualisation. 

In the same scientific time line, Herzberg’s two-factor theory (as cited in De Shields, Kara & Kaynak, 2005) distinguished between satisfiers and motivators. Similar to Maslow’s work, Herzberg proposed that the absence of hygiene factors would lead to dissatisfaction. In this respect one could argue that spatial heating in order to maintain normal body temperature and energy required for cooking food and showering be deemed a hygiene factor but that energy consumption beyond this level be perceived as a sign of a higher level of fulfilment. However it should also be noted that Herzberg’s theory did not define satisfaction and dissatisfaction as being at opposite ends of the same continuum (De Shields., et al., 2005). Thus, the opposite of satisfaction is not necessarily dissatisfaction but rather no satisfaction.

[bookmark: _Toc206536513]PERCEPTION & CULTURE

We have discussed the topic of needs, however, Streeton (1984) quite rightly poses the question: who is to determine basic needs? Consumers’ self-perception of satisfaction of needs follows on from the neoclassical economical theory that consumers are the best judges of their consumption needs. This idea is embraced in various empirical studies including Flynn, Schroeder & Sakakibara (1994) where both feedback and customer interaction were shown to be high indicators of quality management. The importance of perception is a common rhetoric throughout this paper and is demonstrated by Mackay’s observation (Mackay, 2008). In his online book he explains that “…nowadays many people seem to think that 17 ◦C is unbearably cold. A human’s perception of whether they feel warm depends on what they are doing, and what they’ve been doing for the last hour or so…” (Mackay, 2008). Seligman et al (1979) and Becker et al. (1980) share similar views. Ariely (as cited in Boerbooms, Diepenmaat, & van Hal, 2010)  takes the example of humans using their first experiences or childhood to form a reference about future expectations. He calls this process of seeding thoughts in our minds from previous experiences ‘anchoring’. Therefore if new householders were brought up in an environment where energy-slurping appliances were left on, heating is kept relatively high and showering habits are frequent this nurtures future behaviour for children when they grow up. Similarly, a family who is conservative in this respect might also nurture high-energy consciousness. If is true, it may help to explain why electricity consumption has continued to rise during a stagnated economy. It might also justify why there is no linear relationship between gas consumption for heating homes and household income.

Another aspect is that perception is happiness or utility is relative, i.e. not only derived from what we have but also what we don’t have (Ariely, 2008). In terms of energy consumption patterns it might help us explain why we consume more than we necessarily need to fulfil our basic needs. 
This goes against the Buddhist cultural perspective of simplicity and avoiding pollution of environment. “There is an increasing concern to learn from indigenous cultures, whose relationship with nature contains more affinity with spiritual and cultural aspects than western ethnocentric attitudes” (Hofstra 2008).

[bookmark: _Toc206536514]UNCONCIOUS & ROUTINE CONSUMPTION

Related to the above, Veltkamp, Custers & Aarts, (2011) found that daily consumption takes place subliminally, i.e. without being conscious of the incoming information. They found that consumers are influenced to consume regardless of whether the need exists or not. It fact, research shows that 95% of our behaviour is unconscious (Egmond, 2010). This draws on our earlier introduction to the notion of “habitus.” Habits are automatic actions that have been learned from frequent repetition  (Evers 2004). One might draw a comparison between subliminal energy consumption and forming good habits in children to avoid obesity, brushing one’s teeth or driving. This ties back to our earlier point about anchoring and seeding. 

Whilst it usually takes a long process to develop good habits there is evidence from the NDT that the effects of subsidies used attract consumers to buy high energy saving apparatus (for example A- label products) have a longer-term effect (Stichting De Nationale DenkTank 2009). For example, even when the subsidy was taken away, consumers continued to consume these products despite their being relatively more expensive in their purchase price. This way of rewarding draws similarities with the “carrot method”, which appeared to be successful in the Netherlands but unsuccessful in the United States. In the latter case, the “stick was found to be mightier than the carrot.” Prast (2007) argues that the concept of loss aversion is far more powerful than the concept of gaining something. In this respect, if consumers are aware that they may be losing as much as 10% of their energy consumption on appliances being in the standby mode, it might be easier to influence this behaviour than if they were told that they could gain 10% efficiency. Similarly if households do not invest in energy efficient apparatus or make structural changes to their housing, they would also be losing out albeit having to make a financial opportunity cost transaction.

Ariely (2008) also provides us with evidence that ownership influences a great deal of what we do since we like to believe that what we have and do is better than what we don’t have or don’t do. This might give us reason to believe that householders who own their properties hold their consumption patterns closer to their chest than non-house owners. This too ties in with the concept of loss aversion. An extension of this is that ownership need not be related to materiality but also owning or sharing a vision. Hence, ownership influences our perspectives (Boerbooms et al., 2010).

It is perhaps worthwhile noting at this stage that one of the characteristics of household energy is that it is intangible (Van Dam, Bakker & van Hal, 2009, 2012) and for the most part consumed on a daily basis. Thus the demand for electricity and gas is routine derived demand. Whether or not the former feeds the latter is arbitrary but it is certainly plausible to argue that because individuals cannot see the energy consumed there is a low association with the products and services which it facilitates, i.e. warmth and comfort. Thus there is low energy literacy. Let it also not go unmentioned that one of the reasons why consumption patterns are not tied with the financial consequences be because most people are financially illiterate (Prast, 2005). Brounen & Kok (2011) investigated behaviour of residential energy consumption amongst 1721 respondents across the Netherlands and found that there was a strong relationship between financial literacy and energy literacy. Their main conclusions being that energy literacy was alarmingly low and that consumers did not use the information made available to them. In addition to this, Ariely (2008) found that people find it difficult to work towards a goal if it means giving up something, which they enjoy that is socially deemed negative. One might compare this to forsaking their comfort (a colder room temperature) in order to achieve lower energy consumption to avoid damage to the environment.


[bookmark: _Toc206536515]FEEDBACK

Studies on feedback for energy studies can be traced back to the late1970’s. Hayes and Cone (as cited in Abrahamse, Steg Vlek & Rothengatter, 2007) found that feedback on energy use resulted in reductions in consumption yet providing information on the energy consumption of various appliances alone was not effective. 

In a more recent study amongst 20 Danish households over a period of 5 years, Grønhøj & Thøgersen (2011) revealed how empowerment in the form of detailed feedback about their electricity consumption on a small liquid crystal display (LCD) screen helped households reduce their consumption by 8.1%. Since most utilities do not provide consumers with real-time feedback it is often difficult for consumers to realise the benefit of their efforts and so the learning curve is hampered in this way (Kluger & De Nisi, 1996).  Prior studies over the last three decades show that the instruments used in providing feedback vary from improving billing (Wilhite and Ling, 1995) to advanced electronic feedback (Van Houwelingen & Van Raaij, 1989; Abrahamse et al., 2007 and Vassileva, Wallin & Dahlquist (2011) and can help reach savings of up to 20%. Whilst most of this research attributes this to consumers’ improved information, Kluger & DeNisi (1996) and Vassileva et al., (2011) also show how quickly consumers can return to their old habits prior to the gains achieved by the introduction of feedback. In this respect, breaking the feedback cycle may provide similar results to the Hawthorne Effect detected by Elton Mayo in his research at the Western Electric factory, i.e. it does not necessarily hold in the long-term when the laboratory setting is removed.  Furthermore, Vassileva et al., (2011) added that the success of the LCD/SMART meters declined as the novelty wore off. A possible enforcement tool might be the introduction of prompts (visual or auditory aids); which reminds individuals to engage in the desired behaviour (Ariely, 2008) and people like to feel that they are the ones in control (Cowen, 2007), otherwise they feel like slaves (McKenzie-Mohr, as cited in Egmond, 2010). 

Darby and Fischer (as cited in Grønhøj & Thøgersen, 2011) suggested that successful feedback needs to: 




(1) capture the consumer’s attention; 
(2) draw a close link between specific actions and their effects; and 
(3) activate various motives that may appeal to different consumer groups (e.g. cost savings, resource conservation or social comparison). This point is further dealt with under goal setting.

A differentiation can made between indirect feedback (providing consumers with information to help future decision-making) in the form of more frequent billing, and direct feedback (providing consumers with real time information about their consumption patterns) whilst consumption is taking place. 

A noteworthy comment from Grønhøj & Thøgersen (2011) was that consumption of both electricity and gas is usually expressed in monetary (euros) or ecological terms (CO2 equivalents). For some householders, quantifying consumption in terms of CO2 equivalents is less personal and effective. For others, it may provide individuals beyond a certain income threshold with motives to change their consumption patterns as found by Palacio Eraso (2010). 

The importance of feedback is further acknowledged by Van den Bergh (2008). His research documented a number of economics and psychological studies using the example of pre-paid energy use. He also emphasises the need for complete information, i.e. matching cost and quantity of energy consumption.  One might detract that there is some similarity between these conclusions and the work of Frederick Taylor. Taylorism portrays individuals to lack initiative, need to be controlled and only be motivated by money. Since a household consist of individuals it is reasonable to contend that householders’ energy consumption is only influenced by price rather than intrinsic factors. In this sense, raising awareness of consumption in the form of e-mails, post and phone calls may be comparable to dis-satisfiers, but ultimately financial incentives (changes in energy prices) lead to desired energy consumption levels. As Cowen (2007) asserts, financial incentives work well for those who have a low intrinsic motivation but this may not necessarily hold for those who are financially secure and whose lower order needs have been met . This may not necessarily be a bad thing as the Pricewaterhouse research/ NDT report (2009) illustrates. Almost half of their respondents said that they would be more conscious of their household energy consumption if they were aware of how their usage compared to others. This once again hints towards a general need for feedback. However, conflicting results also compromise the usefulness of the findings. For example, whilst 64% of the consumers said that they were conscious of their energy usage, more than ¾ of this group felt that they had taken all the sufficient measures possible to save energy (NIBUD, 2009). This group consisted mostly of women above the age of 34 who owned their own house and car with an income of twice the Dutch modal standard. Even though this group appeared to be more positive than the rest of the population it is not representative of the average Dutch household. The majority of young male renters on the other hand whilst being less optimistic about energy conservation techniques also felt it was important to save energy.

The NDT report (Stichting De Nationale DenkTank 2009) showed that consumers gave preference for comfort and short-term solutions rather than make large investments. Another interesting revelation from the report is that 78% of consumers give the impression that they are willing to purchase energy efficient products, but it remains to be seen as to whether their actions are equally sincere. This is tested under the empirical research of this paper. According to the consumer index, people do not choose for energy conscious behaviour out of reasons of being energy conscious, but rather because it is financially fruitful. This finding again enforces the Taylorist view of individuals being motivated by extrinsic factors. 

As previously touched up, Brounen & Kok (2011) found that energy literacy was alarmingly low (especially amongst younger higher earners) and that consumers did not use the information made available to them once again recalling the notion of bounded rationality or rather lack of. As with the NDT report, they found that demographics and in particular education is more important than their ecological inclinations (Stichting De Nationale DenkTank 2009). 

The limitations of Brounen & Kok’s research on the other hand is that it only covered one year and was based upon residential energy expenditure rather than consumption itself. Also, there was no control setting for the number of appliances or size of accommodation. There are also conflicting conclusions for the gender preferences in their findings.  They found no indication that women had a preference for higher ambient temperatures within the household than men as opposed to the findings by Karjalainen (2007). Conversely, Palm & Ellegård (2011) found that there were differences between members of the household through a study on time diaries. They investigated 463 individuals from 179 households in Sweden. Certain patterns were found to be similar, i.e. all individuals sleep at night and perform activities during the day. Overall patterns during the week and weekend followed the same trends. Activity patterns between men and women revealed that women’s electricity usage was more transparent (housework, taking care of children and cooking). The same was true for children since children’s school days are shorter than the adults’ working hours. Pensioners’ midday is dominated by household activities. This is not surprising since they are less mobile and often grounded to the house. Another finding is that electricity use for cooking peaks at 17:00 for cooking dinner. Furthermore, appliances were not always used for their purpose alone. The television for example was used during the day “as company” whilst performing other tasks. This pattern repeated itself at 21:00 when more people are at home. In short the higher the number of people, the greater the electricity consumption Palm & Ellegård (2011). 

[bookmark: _Toc206536516]GOAL SETTING

Depending upon whether we accept that households recognise the importance of energy consumption or not, it then follows that the Economic Paradigm, and the three elements of the Psychological Paradigm discussed so far should culminate in households giving this a priority. 

The final aspect of the literature review which we will evaluate relates to how these priorities are quantified, i.e. the notion of goal-setting. 

Goal setting provides other alternatives for the various limitations discussed above, although the results of goal-setting differs amongst authors. Becker (1978) found that providing “…a relatively difficult goal combined with feedback produced energy savings, while an easy goal with feedback did not….” Also providing consumers with a historic benchmark of their consumption patterns (Abrahamse et al., 2007; Schultz et al., 2008) seemed to be more effective than providing consumers with comparisons with “similar households” (Darby, 2006). Allcott (2011) performed a similar test in cooperation with a utilities organisation and found that sending home energy report letters with comparisons of household consumption within the neighbourhood was effective in using indirect goal setting to bring down consumption within the area. This provokes different standpoints depending on which perspective lens is adopted from the various motivation theories/goal-setting theories. Darby’s report also found that there were social benefits of allowing consumers to understand the metrics of their actions and that feedback is a function of ‘energy literacy.’ Cowen (2007) emphasises that that “…how people assess their choices usually depends on social context, such as what we perceive… to be valid in those around us and how we think our peers will perceive us...” 

On the one hand, we might adopt the Taylorist perspective lens of individuals being selfish and needing coercion to achieve lower gas and electricity consumption levels. This compares to the “X” characteristics of individuals being results driven to the exclusion of everything and everyone else in accordance with Douglas McGregor's X & Y theory (Rousseau, Manning & Denyer, 2008). This might also explain why individuals are sceptical of comparisons with similar households. On the other hand; if we portray our household energy consumers to be participative, and concerned with issues other than merely the financial consequences of their own consumption patterns we adopt a very different lens (Y characteristics). These intrinsic motivators such as ecological factors, “feel good factor”, and being able to better ones previous performance are dubbed as “achievement motivators” as depicted by David McClelland (McClelland and Cook, 1980). This does however assume that households have already satisfied their basic needs in terms of their household energy consumption. A variation on this rather rigid X & Y theory is the Z theory developed by William Ouchi, mixing the best of both the X & Y theory, i.e. high participation and recognition without losing sight of individual differences (Ouchi 1979). This might imply that households are neither poverty-stricken nor in the highest incomes category, and so are motivated by financial incentives as well as the intrinsic aspects. McKenzie Mohr (as cited in Egmond, 2010) and Cowen (2007) tend to agree with this Ouchi ideology and found that financial gains were not the only incentive for engaging in sustainable behaviour. 

The goal setting theory developed by Locke & Latham (as cited in Rose & Manley, 2011) found that when individuals set the goals, these goals themselves can act as the motivator. Autonomy in goal setting leads to setting higher challenges and having greater performance than when goals are assigned. Once you have chosen your own goal, you are also more committed to that goal (Wright and Kacmar, 1994). When this is coupled with an incentive the motivation and effort involved in striving to achieve these goals can be sustained (Hollenbeck and Klein, 1987). In their research amongst 20 participants, Scott, et al, (2011) presented their audience with 33 goals to choose from varying from easy yet specific goals to more difficult and vague goals with regards to energy conservation. Most of the respondents elected for easy yet specific goals supporting the goal setting theory. Reasons why the participants elected for these goals are possibly attributable to long term commitment and investment being more difficult and vague options. During financially difficult times, uncertainty tends to cast a shadow above long term planning. This follows the expectancy theory developed by Victor Vroom. Lessons learned from energy conservation studies using goal setting include “personalized information and personalized recommendations” to encourage involvement (Abrahamse, W., et al, 2005). 
Other factors that affect the motivation or incentive to strive towards such goals often depend upon:

Distributive justice – where the intensity of the reward should match the intensity of the effort involved (Zenger & Marshall, 2000), i.e. changing ones energy consumption behaviour such as taking shorter showers and or reducing the temperature in the room should feel worthwhile.

Procedural justice - that the procedures involved in measuring consumption should also be fair, and meet certain criteria such as consistency, representative (free from bias) and most of all accurate (Leventhal, as cited in Rose & Manley, 2011). This might involve the use of an LCD/SMART meter, which is accurate, and stand by killers that don’t consume energy in order to save electricity.

[bookmark: _GoBack]Interactional justice between the principal and the agent - if the agent feels that the principle is unfair, the perception of future incentives may be harmed. This may induce potential opportunistic behaviour and or lack of cooperation (Bies & Moag, as cited in Rose & Manley, 2011).  An example of this might involve the use of subsidies provided by the local municipality for energy conservation based upon household income or tax breaks.

In their most recent work, Brounen, D., et al (2012) published another study building on their previous paper from 2011 this time based on a larger sample study of some 300,000 Dutch homes. Whilst there is considerable overlap between their recent work, they found that the group which is more likely to compromise on their comfort in the form of lower temperatures are those who have a preference for energy conservation. They refer to this group as “woodies” and are perhaps the easiest to reach in terms of achieving energy consumption change. Sleepers on the other hand, whilst having a disregard or lack of interest in thermostat use to maintain average temperatures represents the most interesting group to target for household energy consumption reduction since it is this group that provides opportunities for maximum improvement. Van Raaij & Verhallen (1981, 1983) and Wilhite (1996) emphasise the importance of understanding such home characteristics and socio-demographics before being able to perpetuate change. On this note, we shall enter the empirical part of this research paper.
Ajay Sisodia 		Draft Thesis
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[bookmark: _Toc206536517]3.0 METHODOLOGY


Brounen, D., et al (2012) found that the target group where the most energy savings can be made are to approach housing stock built prior to 1980, since this is the group which consumes 50% more energy than those buildings built after this time. 
[bookmark: _Toc206536518]Approach to the questionnaire

A street within a working class district (East Bezuidenhout) of the city of The Hague falls into this category of housing stock prior to 1980, and was therefore forms the basis of a case study for this thesis surrounding household energy consumption and behaviour. This comprising household electricity consumption and household gas consumption. The district East Bezuidenhout comprises both affluent and less affluent households within the city of The Hague. The construction of housing in this street is almost identical comprising three floors, in terms of floor space (75m2 – 95m2), year of construction (pre world war II) and type of housing (flats). The main exception being that ground floor apartments have a garden instead of balcony (first and second floor). However, since the purpose of this research is to investigate household energy consumption and behaviour within the household, there is no concern for external rooms such as garages or other forms of annex. This serves as a control setting to ensure that differences in consumption are a consequence of behaviour and other socio-demographic characteristics rather than technical differences in buildings or climate as highlighted in the literature review. The street chosen is perceived to be representative of the district of East Bezuidenhout. This type of approach follows on from earlier research during 2010 in The Hague in cooperation with KOW architects where almost 800 private households were approached using questionnaires (KOW 2009). According to Malhotra  (Malhotra & Birks, 2006) and Clough & Nutbrown (2007), questionnaires are structured techniques for data collection consisting of a series of written questions that help respondents. They are also cost effective. Since privately owned properties represent the majority of dwellings (61%) within the Hague (KOW 2009), this is yet another reason for approaching the target group for the study using a questionnaire. (KOW 2009). This questionnaire was compiled after reviewing questionnaires used by existing research and interviewing the authors that gathered them. The results were then presented in a format that was consistent with the NIBUD report, i.e. classification of energy consumption for electricity and gas amongst different households (NIBUD 2009). This NIBUD report was compiled using data gathered between 2000 – 2006 after research amongst approximately 1500 Dutch households. Five classes were used to equally represent different electricity and gas consumption amongst low intensity users through to high intensity users. The purpose being to establish whether there is a relationship between energy consumption and household characteristics and or household consumer behaviour. However, since the purpose of this paper specifically focussed upon apartments within a street, a choice was made to opt for three classes because of the relatively low number of observations amongst respondents. In other words, using five categories or classes would hinder meaningful interpretation of the results. 

Despite the wealth of resources at the hands of the municipality their sample measured less than 1% of the number of dwellings in The Hague (KOW 2009). According to the architects’ expert panel, this relatively small sample was representative of the city. Given the time, scope and resources available for this research the author decided to focus upon consumption during the period of 2010 as this is a valid middle point for the financial crisis (late 2007 - to date). It is also a year where a good number of observations in terms of information for both gas consumption and electricity consumption was attained. This serves as a comparison with the research conducted by the municipality of The Hague. 

According to CBS data (www.cbs.nl, 2011) dwellings within the street of East Bezuidenhout averaged 1.7 persons per household between the target years 2007 and 2011 and this average number of persons per household was monitored to be reasonably stable between the years 2004 and 2011 (www.cbs.nl, 2011) . There is no information readily accessible prior to this period.  Table 2.1 below summarises the main similarities and differences between East Bezuidenhout and The Hague.









	Households
	East Bezuidenhout
	The Hague

	Male/Female ratio
	48.6%: 51.4%
	49.3%: 50.7%

	Number of households
	4,920
	242,975

	Average family size
	1.7
	2

	Number of households
	4,920
	242,975

	Single persons
	55%
	45%

	Couples without children
	26%
	22%

	Families with children
	18%
	31%

	 
	 
	 

	Age group
	 
	 

	0 - 15
	12%
	13%

	15 - 25
	23%
	24%

	25 - 45
	47%
	32%

	45 - 65
	8%
	12%

	65+
	11%
	17%

	 
	 
	 

	Consumption data
	 
	 

	Average gas consumption 2004 - 2010 (m3)
	1,650
	1,500

	Average Electricity consumption 2004 - 2010 (kWh)
	2,200
	2,350


Table 2.1 Demographic information East Bezuidenhout/Hague  (adapted from CBS data)

Despite the differences between the district of East Bezuidenhout and The Hague, the sample of almost forty households is presumed to be similarly representative (1%) of the district in question. An assumption made in this paper is that there is stable occupancy within the street and that there is no major difference in behaviour between male and female occupants or occupants of foreign origin (Brounen, D., et al, 2012).

The participant households were provisionally approached in person so that they would understand the purpose of this research being for academic purposes rather than for commercial reasons. For those who were not at home, a letter was left for them informing them of the questionnaire to be distributed for academic purposes. The rationale behind the choice of questionnaire being (similar to the Municipality of The Hague) their practicality, their cost effectiveness, and being more readily and objectively scientifically analysed (Popper, 2004). It is also thought that potential respondents are more likely to be responsive to aiding academic research than cold calling on behalf of a commercial organisation. Furthermore, it gave the author of this paper the opportunity to present and voice his legitimate interest as a fellow inhabitant of the street, and provide respondents with sufficient time (one month) to research their energy consumption documentation for the last five years. A copy of the questionnaire is attached in the appendix. In this way, selection bias is restricted to better facilitate reliable conclusions.

In being able to tackle the research question outlined earlier in the paper the author formulated the following hypothesis questions:

H1:	Variables concerning how the characteristics of apartments impact energy consumption.
H2: 	Variables concerning how the characteristics of the household impact energy consumption.
H3:	Variables concerning how behavioural patterns of occupants impact household energy consumption.
From the above-mentioned hypotheses, null-hypotheses are developed further in this chapter.

As the reader will have learned from the literature review, the focus is on those (quantitative) indicators and (qualitative) behavioural characteristics that influence household energy consumption. For consistency purposes the same definition of household energy consumption is used as prescribed by the IEA. Research by Brounen, D., et al, (2012), Vassileva, I., et al (2011), Egmond (2010) and the NIBUD (2009) helped the design of the questionnaire and methodology. The difference between this other academic research and this research paper being that this paper focuses upon consumption rather than expenditure during a longer period of time, and in particular during the financial crisis. This being said, and given the limited scope of this study, a choice is made to analyse household energy consumption during 2010 for reasons of continuity using existing data from available literature, i.e NIBUD and research by Brounen, D., et al, (2012). Thus, this research paper follows on chronologically from existing data using similar variables.
As the reader will discover from the questionnaire in the appendix, the questions comprised:

· General characteristics about dwelling (construction year, size)
· Household characteristics (income, age, education, presence of children)
· Energy behaviour (type of appliance, frequency of use and average temperatures set using the thermostat)

Table 2.2 below illustrates an overview of the characteristics between household energy consumption, dwelling characteristics and household composition for 2010: 
[image: ]
Table 2.2: energy consumption, dwelling characteristics and household demographics (39 observations, 2010) 

As table 2.2 illustrates, our sample mean from the 39 observations is fairly in line with the mean for East Bezuidenhout for the number of persons per household, energy consumption figures for electricity and gas and earlier research performed by the municipality of The Hague, where 61% of housing within The Hague as a whole was found to be in private hands (KOW 2009).

In order to understand the relationship between variables, our research takes two forms of analysis:

1) Cross-sectional analysis (quantitative indicators and qualitative indicators)
2) Multivariate regression

[bookmark: _Toc206536519]CROSS-SECTIONAL ANALYSIS

The cross sectional analysis seeks to analyse the relationship between variables by investigating their dependence upon one another (for the year 2010). Based upon the questionnaire attached in the appendix, we developed variables for each of the 14 questions in a statistics programme, SPSS. Where the variables are quantitative in nature they take an interval, scale values (ratios). An example of such data include actual consumption figures for both electricity consumption (kWh) and gas consumption (m3) for the 2010. Qualitative variables on the other hand take on nominal or ordinal values. Such values include level of satisfaction and availability of electrical appliances. 

This cross sectional analysis firstly takes a univariate approach in order to discover which individual variables are of importance. Once these have been established, they are tested simultaneously in a multivariate regression model for their statistical significance. This is done for both electricity consumption and gas consumption. 

The quantitative analysis revealed the following:













[bookmark: _Toc206536520]QUANTITATIVE INDICATORS
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Figure 2.1 Relationship between financial crisis and disposal income

[image: ]
Figure 2.2 Relationship between financial crisis and satisfaction

As figures 2.1 and 2.2 show, even though 45% of households said that they had been affected by the financial crisis the majority of respondents (scored a 7 on the Likert scale) were optimistic about how satisfied they are with their current financial situation. In general, a financial downturn tends to point to a reduction in the purchasing power of individuals and so one would imagine that there would be more awareness for variable housing expenses such as utility bills. 

In order to facilitate the analysis phase within SPSS, we classified variables further into sub-classifications using “dummy variables”. By grouping in this manner, we are better able to ascertain whether certain cross sectional analysis results are significant. 

For purposes of consistency the author divided the number of observations into scales according to household gas consumption and electricity consumption so that there was some degree of fairness in their distribution amongst the respondents:

	Electricity consumption
	
	Gas consumption

	less than 2025 kWh
	
	1330 m3 or less

	2025-2915 kWh
	
	1331-1630 m3 

	more than 2915 kWh
	
	1631 m3 or more




















[bookmark: _Toc206536521]Household energy consumption according to number of household members

(1 member, N=10; 2 members, N=16; 3 members or more, N=5)

Figure 2.3 Electricity consumption according to number of household members


Figure 2.3 illustrates the relationship between household energy consumption and the number of household members. This correlation provided a good result as there seems to be a positive relationship between the number of members of the household and electricity-usage. There is however an high-representation (70%) of low electricity-users, (less than 2025 kWh) where the household consists of only 1 member. Similarly, most households with 3 members or more fell into the high electricity consumer (more than 2915 kWh). However it should be noted that there were only 5 households observed with 3 members or more.













(1 member, N=9; 2 members, N=16; 3 members or more, 5)

Figure 2.4 Gas consumption according to number of household members

As can be seen from figure 2.4, the result for household gas consumption is not as convincing as the results for electricity consumption. A positive relationship is however visible between the number of household members and high intensity users of gas (more than 2915 kWh). On the other hand there are equally as many low users of gas (less than 1330m3) for households with 3 or more members.













[bookmark: _Toc206536522]Household energy consumption according to age

(younger than 65, N=26; 65 and older, N=4)

Figure 2.5 household energy consumption according to age

Almost 90% of electricity consumers within the sample were younger than 65 years of age. See figure 2.5. Despite this majority there was little to differentiate between low and high gas consumers. Elderly gas consumers on the other hand tended to consume less than 2025 kWh. Despite the relatively low N for this group, literature suggests a reason for this being that the elderly do not have an abundance of electrical gadgets.   

When age was cross-referenced against gas consumption the results offered a slightly different picture. Those aged 65 and above consumed an average of 1657m3 compared to 13993 for those under the age of 65. This implies congruence with the literature that elderly have a preference for ambient temperatures. 

	








[bookmark: _Toc206536523]Household energy consumption according to income 

(less than 24.000 euro, N=8; 24.000-33.400 euro, N=6; 33.400-46.100 euro, N=10; 46.100 euro and more, N=6)

Figure 2.6 Electricity consumption according to income

The sample used found a fairly equal distribution of observations between the classes for income and electricity consumption. See figure 2.6. These observations confirmed that the lowest energy consumers were also the lowest earners. Similarly it can also be observed that the proportion of high electricity consumers falls as incomes rise at a point of €33,400. This suggests consistency with the findings of an inverse U relationship by (Fritzsche 1981) and (Palacio Eraso 2010). The group that does seem to witness an increase in consumption as income rises is the middle or normal users group (2025 kWh – 2915 kWh) derived by the convex trend line for this group.

Figure 2.7 below shows a similar finding for gas. Here we once again see a positive relationship between low gas consumers as income rises. Gas consumption on the other hand follows a more inverse U relationship marked by the trend line for the high consumers group of gas.
(less than 24.000 euro, N=7; 24.000-33.400 euro, N=6; 33.400-46.100 euro, N=10; 46.100 euro and more, N=6)

Figure 2.7 Gas consumption according to income

[bookmark: _Toc206536524]Household energy consumption according to ownership

Ownership appears to have an impact upon both electricity and gas consumption. From figures 2.8 and 2.9 below we can see that owners of their apartments tend to consume more electricity and gas (although this condition is less strong for household gas consumption). Almost twice as many high electricity users (more than 2915 kWh) and high gas users (1631 m3) were owners of their property compared to non-owners for this group. This disagrees with our earlier findings in the literature review (Boerbooms et al., 2010; Ariely, 2008). 










(own house, N=21; rental house, N=9)

Figure 2.8 Electricity consumption according to ownership

(own house, N=20; rental house, N=9)

Figure 2.9 Gas consumption according to ownership




[bookmark: _Toc206536525]Household energy consumption according to number of rooms/surface area

 (3 rooms, N=14; 4 rooms, N=11; 5 or more, N=4)

Figure 2.10 Electricity consumption according to number of rooms

When electricity consumption is matched with the number of rooms, it is visible that the majority of households had either 3 or 4 rooms within their homes. See figure 2.10. Electricity consumption between these two groups are quite evenly distributed. It is only when an apartment has 5 rooms or more that that electricity consumption takes on a different behaviour for normal users (as seen by the trend line). None of the apartments with 5 rooms witnessed electricity consumption below 2025 kWh pointing to an indirect relationship. It could be argued that there are economies of scale for household electricity use for 3 and 4 room apartments but that this is exponentiated as more rooms are added this benefit is eroded. However this is just speculation as there were relatively few observations for this category as denoted by the N.








(3 rooms, N=14; 4 rooms, N=11; 5 or more, N=3)

Figure 2.11 Gas consumption according to number of rooms

When the same test was performed for gas consumption and number of rooms, a more stable relationship is seen for both low gas consumers and high gas consumers. See 2.11. This enforces current literature that spatial heating is a function of the number of rooms. This being said, an error in interpretation on behalf of the respondent might explain the relatively low number of observations for 5 room apartments. The author is sceptical as to whether there can be such a variation in the number of rooms given the control setting and basic assumption that all apartments are identical in technical construction within the street. Again this is speculation warranted by the few observations.

A similar condition seems to hold for surface area of the apartment (figure 2.12). Like the relationship with the number of rooms and gas consumption, there are relatively few households (10%) with an apartment of less than 80m2 that use more than 1631m3. Similarly 50% of those households with an apartment of 90m2 or more were high gas consumers. This again can be seen by the trend lines in this figure.





(less than 80 m2, N=10; 80 up to 90 m2, N=9; 90 m2 or more, N=10)

Figure 2.12 Gas consumption according to surface area


(less than 80 m2, N=10; 80 up to 90 m2, N=9; 90 m2 or more, N=11)

Figure 2.13 Electricity consumption according to surface area

Amongst low to average electricity consumer use, there is little difference for apartments upto 80m2 surface area. However, the majority of apartments between 80 to 90m2 tend to be high electricity consumers (66%) yet this proportion falls to 18% for apartments with a greater surface area than 90m2. Once again this point to outliers or misinterpretation of the question given the control setting of generally equal sized apartments within the street,
[bookmark: _Toc206536526]Household energy consumption vs education

(basic education, N=5; secondary education, N=8; higher sec. education or bachelor, N=8; masters/ advanced degree, N=9)

Figure 2.14 Electricity consumption according to education

There seems to be a positive relationship between education and household electricity-usage. 
Generally, it can be concluded that lesser educated households consume less electricity, i.e. 80% of those with a basic education consume less than 2025 kWh. None of these respondents consumed more than 2915 kWh. It is inconclusive as to whether proportionately less electricity consumption amongst those with a Masters than those with a higher secondary or Bachelors degree is a result of switching to more energy efficient appliances given the relatively low number of observations for these respective groups.

The results for gas consumption and education provide too inconsistent results in order to draw sensible conclusions.



[bookmark: _Toc206536527]Household energy consumption according to activity

(self-/employed, N=24; unemployed, disabled, domestic/ voluntary work, N=6)

Figure 2.15 Household energy consumption according to activity

The results of this analysis show that there is a relationship between occupation and electricity-usage. There is an under-representation of (low) electricity consumption users of less than 2025 kWh where the respondent is employed or self-employed, whilst for those respondents who are unemployed, disabled or do domestic or voluntary work, these low electricity-consumers of less than 2025 kW are overwhelmingly represented (with as much as 67%). There are no high electricity households amongst those who are not engaged in paid work. 

Gas consumption amongst all groups appeared to be surprisingly the same with hardly any dispersion between the groups. Subsequently no sensible conclusions can be drawn.








(without child(ren), N=24; with child(ren), N=6)

Figure 2.16 Electricity consumption according to presence of children

Figure 2.16 illustrates the relationship between electricity consumption and the presence of children. Electricity consumption amongst households with children appears to be evident. In the mid-segment level of between 2025 – 2915 kWh, consumption was more than 20 percentage points (50%-29%) higher amongst household with families. Additionally only 17% of households with children managed to keep their annual electricity consumption below 2025 kWh.  

When the same independent variable was cross-sectionally analysed with gas consumption there were barely any differences between households with and without children. This implies that gas consumption is not sensitive to the presence of children. However, it is possible that the two variables are indirectly linked through income or age.


The qualitative (or better said behavioural) indicators were next put to the test.


[bookmark: _Toc206536528]QUALITATIVE INDICATORS

When householders were asked if they felt that they were energy conscious, more than 75% answered “yes.” Despite this, no conclusive results can be drawn as to the consumption of gas and electricity being lower for these two groups. 

Upon asking respondents as to whether they use their thermostat to regulate heating within the home, the majority said yes (86%). Conversely 50% of those who did not engage in this practice consumed more than 1631m3. It should however be stressed that this only concerns two households. This is illustrated in figure 2.17 below.

(Yes, N=25; No, N=4)

Figure 2.17 Gas consumption according to regulation of thermostat

A similar test is not relevant for electricity consumption since most homes consumer gas in order to heat their homes. 






Upon testing on and off peak use, good results were found. See figure 2.18

(Yes, N=11; No, N=15)

Figure 2.18 Electricity consumption according to using on vs off peak use of appliances

There appears to be a relationship between those that make use of electrical appliances during off peak hours (after 23:00 during the week and all day during the weekend). There is thus a higher proportion of high intensive electricity users (more than 2915 kWh) that do not make use of off peak hours. 

There also appears to be a relationship between high gas consumers and those that ventilate their homes. None of the respondents that ventilate their homes were highly intensive gas users. This being said, only 10% of gas consumers opted to ventilate their homes. This is illustrated by figure 2.19 below.









(Yes, N=26; No, N=3)

Figure 2.19 Gas consumption according to frequency of ventilation

Most households (87%) said that they washed their clothes at 40c. Of this group, only 31% were confronted with electricity consumption of greater than 2915 kWh whereas 50% of those that did not take the 40c temperature guide into consideration when washing their clothes were considered high electricity users. This is shown by figure 2.20 below

(Yes, N=26; No, N=4)

Figure 2.20 Electricity consumption according to washing at 40c

The use of a tumble dryer also seemed to play an important role in household electricity consumption. More than 70% of households opt for air-drying their clothes as opposed to a tumble drier. Of those that do use a tumble drier, half of them are high intensity electricity consumers (more than 2915 kWh). Only 13% of respondents who use a tumble drier are low energy consumers.  See figure 2.21 below.

(Yes, N=22; No, N=8)

Figure 2.21 Electricity consumption according to use of tumble dryer

A similar result is found by households that claim that they consistently turn their appliances off at the mains (avoiding standby usage). See figure 2.22.
















(Yes, N=23; No, N=7)

Figure 2.22 Electricity consumption according to turning off appliances at the mains

Despite an equal dispersion of respondents between the categories, 77% (23 of the 30) of respondents claim they switch off their appliances at the mains. More than 40% households that took this measure were categorised as being low electricity consumers. In the same graph we see a relatively over-representation of normal electricity consumers (57%) for those than do not consistently turn off their electronic appliances. An explanation might be that the consequences of not turning off appliances is not to be immediately catapulted into the high intensity group of users but larger representation of the 2025 -2915 kWh category. After all, literature suggests that standby is only responsible for 10% efficiency gains. For those households with an average of 1.7 – 1.9 persons per household and relatively few electrical items the effects of not negating standby use might not be as detrimental as for say households with 4 persons and several electrical appliances. This being said, it is questionable as to whether a lack of low electricity consumers is a coincidence.

There is little evidence from our sample to suggest that replacing low electricity intensive appliances with more energy efficiency appliances is of benefit for total electricity consumption. Our results show that proportionately households who do engage in this practice are low electricity consumers (42%) but the same holds for high intensity electricity consumers (42%). See figure 2.23 below.


Figure 2.23 Electricity consumption according to investments in energy efficient appliances

Similar results are apparent for gas consumption. This is not surprising since more than 95% of gas consumption is the product of heating homes and supplying warm water as identified in the literature review (Energie-Nederland 2011). Electrical appliances used to power this type of consumption such as CV boilers and ovens use a relatively small amount of electricity compared to gas and are infrequently replaced (every 10-15 years). 










[bookmark: _Toc206536529]MULTIVARIATE ANALYSIS

According to NIBUD (NIBUD 2009), 15 indicators were recognised as being relevant for their study (using 1500 households). Given the relatively low number of observations in our study (39) for the year 2010, 8 indicators were chosen for further analysis using a multivariate analysis in order to identify those variables which are of significance. This is an analysis which is performed with all 8 variables simultaneously instead of each of the respective variables individually (univariate) as conducted under the cross sectional analysis. The objective being for these variables to collectively explain household consumption for both electricity (table 3.1a and table 3.1b) and gas (table 3.2a and table 3.2b). 

[bookmark: _Toc206536530]ELECTRICITY
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Table 3.1a Multivariate analysis electricity consumption using 8 variables

As can been seen above, there is only one variable which is of considerable significance. This is the number of household members as the significance value is 1% - an extremely good result. This means that the null hypothesis of number of household members not having an impact on electricity-consumption (given that we have a model within which all the other variables have their influence on electricity-usage) has to be rejected. Therefore, the number of household members does have an influence on electricity-usage.

When these 8 independent variables are restricted to 5 independent variables, a new model is formed as shown in table 3.1b (below)

[image: ]
Table 3.1b Multivariate analysis electricity consumption using 5 variables

As can be seen from the above, two variables were found to be significant at a level of 10%. These being education (9.0% significance) and income (8.8% significance). Moreover one variable is found to be of excellent significance (at a level of 1%), namely the number of members within the household (0.7% significance). Therefore this model is much better than the former model using 8 independent variables.

This means that the null-hypothesis that the number of household members has no impact on electricity-usage (given that we have a model within which all the other variables have their influence on electricity-usage) has to be rejected. So the number of household members has an influence on electricity-usage.

Secondly the null-hypothesis that education has no impact on electricity consumption (given that we have a model within which all the other variables have their influence on electricity-usage) has to be rejected as well. Finally, the null-hypothesis that income has no impact on electricity-usage (given that we have a model within which all the other variables have their influence on electricity-usage) has to be rejected. Therefore, income and education also have an influence on electricity-usage.

As an extra test of assurance of the model with 5 indicators, an F-value of 4.6 (with a significance of 0.5%) was found. Therefore the null-hypothesis that this model is not a good model for explaining electricity consumption can be rejected even at a significance level of 1%.
	The R2 for this model is incidently 0.35, a relatively low result.



The impact of the most significant independent variable: number of household members (as described) has been attached below to show its individual (or univariate) impact upon electricity consumption. 

Figure 3.1 below illustrates how household electricity consumption fluctuates according to the number of household members.  As the scatterplot shows most observations are found within the one and two member households.  The relationship is fairly linear. 
[image: ]
Figure 3.1 Scatterplot electricity consumption according to number of household members

To summarise, there are three variables that seem to have a statistically significant influence on electricity consumption. These being the number of members within the household, income and education. The variables that do not appear to have a strong influence being ownership of the apartment, age (categorised), surface area, the number of rooms and occupation of the householder. The three variables which the author found to be significant were more or less confirmed by the findings in the NIBUD report (NIBUD 2009). However, there were more variables which NIBUD found to be significant for electricity consumption than found in this research
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Once again, the author chose to begin the model using 8 variables to explain household gas consumption. See table 3.2a (below):
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Table 3.2a. Multivariate analysis gas consumption using 8 variables

As can been seen above, there are two variables which are of significance (significant at level of 10%). These are income and age. 

Of the 8 variables originally recognised to be of importance for gas, the best results were obtained using 5 independent variables. These variables differ to those identified for electricity:

[image: ]
Table 3.2b Multivariate analysis gas consumption using 5 variables

As can been seen above, there are two variables significant at a level of 10%. These are income (6.1%) and age (4.3%). So, the null-hypothesis that age has no impact on gas-consumption (given that we have a model within which all the other variables have an influence on gas-usage) has to be rejected at a significance level of 5%.
Secondly, the null-hypothesis that income has no impact on gas-consumption has to be rejected at a significance level of 10%.
Therefore age and income both seem to have an influence on gas-consumption.

As an extra test of assurance of the model with 5 indicators, an F-value of 2.2 (with a significance of 9.4%) was found. Therefore the null-hypothesis that this model is not a good model for explaining gas consumption can be rejected at a significance level of 10%.
	The R2 for this model is incidentally 0.18 (relatively low).



There were two significant independent variables in this model for gas consumption: income and age of household member. For purposes of elaboration we have chosen to illustrate age of the household member classified into five categories as this is thought to provide a better insight than age into two categories.

Figure 3.2 below illustrates how household gas consumption fluctuates according to age.  As the scatterplot shows most observations are found between households with persons aged 30-49 and 50-64. 
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Figure 3.2 Scatterplot household gas consumption according to number of household members


For gas consumption, income and age are the only explanatory variables that were found to be statistically significant. Therefore, variables which are not of strong influence include surface area, number of rooms, number of household members, education, ownership and occupation. This is a surprising revelation as most literature investigated to date finds a positive relationship between surface area and gas consumption. Again, the significant variables found in this research agree with those found by the NIBUD report (NIBUD 2009).

These being the number of members within the household, income and education. The variables that do not appear to have a strong influence being ownership of the apartment, age (categorised), surface area, the number of rooms and occupation of the householder. The three variables which the author found to be significant were more or less confirmed by the findings in the NIBUD report. However, as with electricity, there were more variables which NIBUD found to be significant for than found in this research.

Upon reflection it is useful to provide the reader with a conceptual model of the most important drivers of to help explain how household energy variables are related to each other. Figure 3.3 below illustrates

 


Figure 3.3 Conceptual model of household energy consumption and behavioural 


Central to the theme of this paper as to the relationship between household energy consumption and behavioural characteristics during the a year in the financial crisis are households. There is a growing acceptance that households do not behave rationally and so in fact they do not necessarily consume the same volumes of electricity and gas at the aggregate level.  Whilst wealthier households may have a larger disposable income, the relationship between income and household electricity consumption and household gas consumption is not linear.  Although income affects certain characteristics such as size of domicile and thus gas consumption for spatial heating and number of electrical appliances; the psychological paradigm tends to be equally strong if not more important given that shelter and heat are basic goods and any consumption beyond basic needs might be considered psychological rather than physiological. Consequently, the perception of how conscious households behave in terms of household energy consumption is often subjective and the result of anchoring and unconscious or rather routine behaviour. 

It follows suit that the importance of qualitative characteristics such as level of perceived satisfaction and type of housing differs amongst different age groups and households with higher average levels of education. Quantitative and qualitative characteristics are in this way interdependent of each other. 
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From the literature review it is quite apparent that energy consumption has been a topic of debate on the political agenda since the introduction of the Kyoto protocol in the late 1990’s. However, the current Global Financial Crisis (GFC) has again shaken up concerns about energy consumption following the development of the BRIC countries. This has consequences for households who are quoted as being accountable for between 15% and 25% of primary energy use within OECD countries. In the Netherlands households are responsible for 17% of total energy consumption. This household energy consumption comprises both gas consumption (for spatial heating, providing warm water and cooking) and electricity consumption (to power devices).  Some of this household energy consumption is attributable to the quality of housing stock, but also due to behavioural patterns (households needs including feedback) and technical characteristics of appliances used. 

Trends show that household gas consumption has stabilised within the last 10 years as a result of advances in technology and a fall in the average number of persons per household. The dependence on electricity consumption within the household on the other hand has continued to increase on average as a result of increasing demand for appliances albeit them being more energy efficient. 

In this paper we investigate how household energy consumption and behavioural characteristics are related to each other in a year during the financial crisis. The sample of 39 households (denoted by N) within a street where dwellings are largely homogenous in the district of East Bezuidenhout is used to investigate the relationship between these variables. Given this control setting, differences between households were analysed using cross-sectional analysis to provide an insight as to the quantitative and qualitative indicators by categorising the independent variables. The importance of these variables differed and had a different impact on gas and electricity. 

The most important finding was that many of the respondents either didn’t know or were unwilling to provide information as to their household energy consumption. This congrues with the research by Brounen, D., et al (2012). One might conclude that this ignorance implies lack of importance. 

Of the variables recorded, age was found to be an important variable for both gas and electricity. On the one hand, the average consumption of gas per household for households with persons aged 65 or above (1657m3) were higher than those below this age group (1399m3). Conversely elderly people tended to have few electrical appliances and hence lower electricity consumption. Income was found to be important for both gas and electricity consumption although the relationship was found to be less strong for gas consumption. This same pattern was found for ownership, education, employment and presence of children within the household. On the other hand, the number of rooms and surface area were found to be more sensitive for gas than for electricity. Literature contributes this being to most gas consumption being attributable to spatial heating, i.e. the greater the surface area the more gas is consumed. Finally, households who switch their appliances off at the mains (instead of standby) do not consume considerably more within the sample observed.

Based upon both the results of the cross-sectional analysis and existing literature, a multivariate regression was used in attempt to identify those variables which best explain household electricity and gas consumption using 5 variables simultaneously. 
For electricity consumption, the most important indicators in order of importance were number of household members, income, age, number of rooms and ownership. 
For household gas consumption, the income and age were found to be the most important variables. These were followed by (in order of importance) the surface area, number of household members and number of rooms. The 5 variable model provided good results as demonstrated by a relatively high F-value and correspondingly low significance level.










[bookmark: _Toc206536533]5.0 LIMITATIONS AND DISCUSSION 

Before embarking upon the research design for this paper, a great deal of thought was spent weighing up epistemological issues and ontological issues, i.e. whether or not we have sufficient knowledge of the social world and how much control we actually have upon social actors. It was also considered whether or not my reasons are motivated by the social problem of depleting energy resources and as to whether my role as a household owner creates bias. Furthermore, a number of years have passed since I was engaged in conducting work related to my research and actually moulding my research in order to graduate. On the other hand, Lofland et al., (1995) note that many research publications stem from the researcher’s personal biography. 

This being said, a number of assumptions were made about the sample of 39 observations. We assume that the street observed is typical of the district of East Bezuidenhout given the age of the building, construction type and size of apartment. However, there are some differences within the apartments such as some 1st and 2nd floor apartments being owned by the same person and thus fused. In theory, this would bring about economies of scale which would affect energy consumption and household composition. Other assumptions we make are that householders fill in questionnaires as completely and truthfully as possible. We also do not distinguish between male and females or people of foreign descent as this is generally believed not to provide different results. 

Given the dummy variables created, choices had to be made as to who the head of the household is and whether or not the eldest person in the household should be the head of the household. It is plausible to assume that our sample this is generally the case. Secondly, based upon the questionnaire a number of respondents were selective in which questions they filled in and which ones they omitted, i.e. financial information and education. Given the sensitivity of some of the information used in the questionnaires, part of this potential problem was alleviated by employing the use of (Likert) scales. This aids the analysis but it also hampers the accuracy of results where scales are broad. Regardless of these differences, it is felt that the choices made were sufficient enough not to undermine results for the district targeted.

Future research might involve the use of a longer period of data collection and the possibility of obtaining the data using the energy net administration network. Analysing this data over a number of years might increase the value of this research and provide newer insights as to future consumption patterns. 
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7.0 APPENDIX

ELECTRICITY

ANOVAa
Model	Sum of Squares	df	Mean Square	F	Sig.
1	Regression	10938406,926	5	2187681,385	4,631	,005b
	Residual	10864917,832	23	472387,732		
	Total	21803324,759	28			
a. Dependent Variable: Electricity consumption 2010
b. Predictors: (Constant), Do you own a house?, Income categorized into 2 classes, How many rooms does your residential building have?, Number of members household, Education household member 1 categorised into 2 classes



Model Summary
Model	R	R Square	Adjusted R Square	Std. Error of the Estimate
1	,733a	,537	,352	710,453













GAS


ANOVAa
Model	Sum of Squares	df	Mean Square	F	Sig.
1	Regression	2314407,520	5	462881,504	2,175	,094b
	Residual	4682618,337	22	212846,288		
	Total	6997025,857	27			



Model Summary
Model	R	R Square	Adjusted R Square	Std. Error of the Estimate
1	,575a	,331	,179	461,353
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Dutch household energy consumption expenditure by source (2010)
Gas 	Electricity	0.54	0.46	Gas usage per Dutch household (2010)
Heating home	Cooking	Warm water	0.72000000000000008	4.0000000000000008E-2	0.24000000000000002	Composition of electricity use 2010 Dutch households
cleaning	refrigeration	lighting	heating and hot water	audio, video and communication	cooking	indoor ventilation and air-conditioning	kitchen appliances	other	recreation	personal care	0.20833333333333304	0.17298850574712604	0.15890804597701105	0.14741379310344804	0.14540229885057504	4.9712643678160924E-2	3.5919540229885014E-2	3.4195402298850604E-2	2.8448275862069008E-2	1.0344827586206903E-2	8.3333333333333315E-3	Average gas consumption per Dutch household [m3]
Avg gas consumption per household [m3]	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	1965	1875	1812	1759	1736	1664	1643	1560	1625	1608	1608	1617	Avg electricity consumption per household [kWh]
Avg electricity consumption per household [kWh]	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	3230	3255	3275	3296	3346	3397	3402	3521	3558	3430	3430	3480	Gross household income

Netherlands private household income	2000*	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010**	42.3	44.9	46.5	47.4	48.9	49.8	51.6	54.2	55.3	55.6	55.7	Household Income (Gross)  x€1000
Electricity consumption according to number of household members
less than 2025 kWh	1 member	2 members	3 members or more	0.70000000000000007	0.18750000000000003	0	2025-2915 kWh	1 member	2 members	3 members or more	0.2	0.43750000000000006	0.4	more than 2915 kWh	1 member	2 members	3 members or more	0.1	0.37500000000000006	0.60000000000000009	Gas consumption according to number of household members
1330 m3 or less	1 member	2 members	3 members or more	0.33333333333333304	0.31250000000000006	0.4	1331-1630 m3 	1 member	2 members	3 members or more	0.44444444444444403	0.31250000000000006	0.2	1631 m3 or more	1 member	2 members	3 members or more	0.22222222222222202	0.37500000000000006	0.4	Electricity consumption according to age
less than 2025 kWh	younger than 65	65 and older	0.26923076923076905	0.75000000000000011	2025-2915 kWh	younger than 65	65 and older	0.34615384615384603	0.25	more than 2915 kWh	younger than 65	65 and older	0.38461538461538503	0	Electricity consumption according to income
less than 2025 kWh	less than 24.000 euro	24.000-33.400 euro	33.400-46.100 euro	46.100 euro and more	0.75000000000000011	0.16666666666666699	0.2	0.16666666666666699	2025-2915 kWh	less than 24.000 euro	24.000-33.400 euro	33.400-46.100 euro	46.100 euro and more	0.25	0.16666666666666699	0.30000000000000004	0.66666666666666707	more than 2915 kWh	less than 24.000 euro	24.000-33.400 euro	33.400-46.100 euro	46.100 euro and more	0	0.66666666666666707	0.5	0.16666666666666699	Gas consumption according to income
1330 m3 or less	less than 24.000 euro	24.000-33.400 euro	33.400-46.100 euro	46.100 euro and more	0.42857142857142899	0.33333333333333304	0.30000000000000004	0.33333333333333304	1331-1630 m3 	less than 24.000 euro	24.000-33.400 euro	33.400-46.100 euro	46.100 euro and more	0.42857142857142899	0	0.30000000000000004	0.5	1631 m3 or more	less than 24.000 euro	24.000-33.400 euro	33.400-46.100 euro	46.100 euro and more	0.14285714285714304	0.66666666666666707	0.4	0.16666666666666699	Electricity consumption according to ownership
less than 2025 kWh	own house	rental house	0.33333333333333304	0.33333333333333304	2025-2915 kWh	own house	rental house	0.28571428571428609	0.44444444444444403	more than 2915 kWh	own house	rental house	0.3809523809523811	0.22222222222222202	Gas consumption according to ownership
1330 m3 or less	own house	rental house	0.30000000000000004	0.44444444444444403	1331-1630 m3 	own house	rental house	0.30000000000000004	0.33333333333333304	1631 m3 or more	own house	rental house	0.4	0.22222222222222202	Electricity consumption according to number of rooms
less than 2025 kWh	3 rooms	4 rooms	5 rooms or more	0.3571428571428571	0.36363636363636404	0	2025-2915 kWh	3 rooms	4 rooms	5 rooms or more	0.28571428571428609	0.27272727272727304	0.75000000000000011	more than 2915 kWh	3 rooms	4 rooms	5 rooms or more	0.3571428571428571	0.36363636363636404	0.25	Gas consumption according to number of rooms
1330 m3 or less	3 rooms	4 rooms	5 rooms or more	0.5	0.18181818181818205	0.33333333333333304	1331-1630 m3 	3 rooms	4 rooms	5 rooms or more	0.28571428571428609	0.36363636363636404	0	1631 m3 or more	3 rooms	4 rooms	5 rooms or more	0.214285714285714	0.45454545454545398	0.66666666666666707	Gas consumption according to surface area
1330 m3 or less	less than 80 m2	80 up to 90 m2	90 m2 or more	0.4	0.33333333333333304	0.30000000000000004	1331-1630 m3 	less than 80 m2	80 up to 90 m2	90 m2 or more	0.5	0.22222222222222202	0.2	1631 m3 or more	less than 80 m2	80 up to 90 m2	90 m2 or more	0.1	0.44444444444444403	0.5	Electricity consumption according to surface area
less than 2025 kWh	less than 80 m2	80 up to 90 m2	90 m2 or more	0.4	0.11111111111111101	0.45454545454545398	2025-2915 kWh	less than 80 m2	80 up to 90 m2	90 m2 or more	0.4	0.22222222222222202	0.36363636363636404	more than 2915 kWh	less than 80 m2	80 up to 90 m2	90 m2 or more	0.2	0.66666666666666707	0.18181818181818205	Electricity consumption according to education
less than 2025 kWh	basic education	secondary education	higher sec. education or bachelor	masters/ advanced degree	0.8	0.25	0.125	0.33333333333333304	2025-2915 kWh	basic education	secondary education	higher sec. education or bachelor	masters/ advanced degree	0.2	0.62500000000000011	0.25	0.22222222222222202	more than 2915 kWh	basic education	secondary education	higher sec. education or bachelor	masters/ advanced degree	0	0.125	0.62500000000000011	0.44444444444444403	Electricity consumption according to activity
less than 2025 kWh	(self-)employed	unemployed, disabled, domestic/ voluntary work	0.25	0.66666666666666707	2025-2915 kWh	(self-)employed	unemployed, disabled, domestic/ voluntary work	0.33333333333333304	0.33333333333333304	more than 2915 kWh	(self-)employed	unemployed, disabled, domestic/ voluntary work	0.41666666666666707	0	Electricity consumption according to presence of children

less than 2025 kWh	without child(ren)	with child(ren)	0.37500000000000006	0.16666666666666699	2025-2915 kWh	without child(ren)	with child(ren)	0.29166666666666707	0.5	more than 2915 kWh	without child(ren)	with child(ren)	0.33333333333333304	0.33333333333333304	Gas consumption according to regulation of thermostat
1330 m3 or less	yes	no	0.36000000000000004	0.25	1331-1630 m3 	yes	no	0.32000000000000006	0.25	1631 m3 or more	yes	no	0.32000000000000006	0.5	Electricity consumption according to using on vs off peak use of appliances
less than 2025 kWh	yes	no	0.36363636363636404	0.26666666666666705	2025-2915 kWh	yes	no	0.45454545454545398	0.26666666666666705	more than 2915 kWh	yes	no	0.18181818181818205	0.46666666666666706	Gas consumption according to frequency of ventilation
1330 m3 or less	yes	no	0.30769230769230804	0.66666666666666707	1331-1630 m3 	yes	no	0.30769230769230804	0.33333333333333304	1631 m3 or more	yes	no	0.38461538461538503	0	Electricity consumption according to washing at 40C
less than 2025 kWh	yes	no	0.34615384615384603	0.25	2025-2915 kWh	yes	no	0.34615384615384603	0.25	more than 2915 kWh	yes	no	0.30769230769230804	0.5	Electricity consumption according to use of tumble dryer
less than 2025 kWh	yes	no	0.40909090909090906	0.125	2025-2915 kWh	yes	no	0.31818181818181807	0.37500000000000006	more than 2915 kWh	yes	no	0.27272727272727304	0.5	Electricity consumption according to turning off appliances at the mains
less than 2025 kWh	yes	no	0.43478260869565211	0	2025-2915 kWh	yes	no	0.26086956521739108	0.57142857142857117	more than 2915 kWh	yes	no	0.30434782608695604	0.42857142857142899	Electricity consumption according to investments in energy efficient appliances
less than 2025 kWh	yes	no	0.25	0.41666666666666707	2025-2915 kWh	yes	no	0.5	0.16666666666666699	more than 2915 kWh	yes	no	0.25	0.41666666666666707	image1.png
Descriptive Statistics

Gas consumption 2010
Electricity consumption
2010

How many square meters is
your apartment
(approximately)?

How many rooms does your
residential building have?
Number of members
household

Do you own a house?

Age head of household

(categorised into 2 classes)
Occupation household
member 1 categorised into
2 classes

Education household
member 1 categorised into
2 classes

At which temperature do

you set your thermostaat on





image2.png
Has the financial crisis affected your disposable income?
Wves
o





image3.png
Count

Bar Chart

Has the
17 financial
crisis
affected
your
disposable
income?

Yes

B

i3 4 s 6 7 8 & 1
Are you satisfied with your current financial




image4.png
Coefficients®

Sandardized

Unstandardized Coefficients | Coefiicients

Model 5 St Error Beta t sig.

T (Comam 820,528 | 1510,131 “5a3 | 593
Number of members 508972 | 179,709 S| 2832 | 010
household
Education household 01435 | 348627 228 | 1151|263
member 1 categorised
into 2 classes
Income categorized into | 512,948 | 390,786 253 | 1313 | 204
2 dlasses
Do you own a house? 374992 | 349,348 200 | 1073 | 296
Age head of household 610770 | 735582 243 | 830 | 416
(categorised into 2
dlasses)

How many square -3,163 11,142 048 | 284 | 779
meters is your

apartment

(approximately?

How many rooms does 203,165 | 180,457 86 | 1126 | 274
your residentil bulding

have?

Occupation household 739,104 | 622,447 3as | 118 | 249

member 1 categorised
into 2 classes

a. Dependent Variable: Electricity consumption 2010





image5.png
Coefficients®

Sandardized

Unstandardized Coefficients | ~Coefficients

Model B Std. Error Beta t sig.

1 (Constant) 496,328 | 943,637 ©526 | 604
Number of members 452,518 154,203 455 | 2,933 007
household
Education household 535,403 302,259 304 | 1,771 090
member 1 categorised
into 2 classes
Income categorized into 604,254 | 338,838 1298 | 1,783 088
2 classes
How many rooms does 216,186 168,534 198 | 1,283 212
your residential building
have?

Do you own a house? 374399 | 301,793 1200 | 1241 227

a. Dependent Variable: Electricity consumption 2010





image6.png
Electricity consumption 2010

5000

000

3000

2000

1000

° o

- § 8

o 8 o
e

° °

°

O e

°

°

T T T

1 3 3

Number of members household





image7.png
Coefficients®

Sandardized

Unstandardized Coefficients | Coefiicients

Model 5 St Error Beta t sig.

T (Comam 584,132 | 1055,558 =553 | 586
How many square 10,095 7,789 261 | 1206 | 210
meters is your
apartment
(approximately?

Number of members 166,820 | 126,921 289 | 1314 | 204
household

Income categorized into | 534,626 | 300,668 439 | 1778 | 091
2 dlasses

Age head of household 912729 | 519,822 639 | 1756 | 095
(categorised into 2

dlasses)

Education household 46,187 | 259,736 oas | 78| 861
member 1 categorised

into 2 classes

Do you own a house? 142,596 | 243,084 S133 | -s87 | e
How many rooms does 117,245 | 133,289 80 | 880 | 390
your residentil bulding

have?

Occupation household 20554 | 447352 024 | 066 | 048

member 1 categorised
into 2 classes

a. Dependent Variable: Gas consumption 2010





image8.png
Coefficients®

Sandardized

Unstandardized Coefficients | ~Coefficients

Model B Std. Error Beta t sig.

1 (Constant) 732,651 506,656 “908 | 374
How many square 10519 7,244 272 | 1452 161
meters is your
apartment
(@pproximately)?

Number of members 139,946 110,275 242 | 1269 | 218
household

Income categorized into 498,532 252,945 409 | 1,971 061
2 classes

‘Age head of household 722,526 | 336,059 1506 | 2,150 | 043
(categorised into 2

classes)

How many rooms does 140,975 120,650 216 | 1,188 | 255

your residential building
have?

a. Dependent Variable: Gas consumption 2010





image9.png
Gas consumption 2010

4000

°
0]
0]
o
o 8 8
° g
H o
° °
° o
o0 o o
°
B ° o
v T y ; T
ole ke <o B

Age head of household (categorised in 5 classes)





