
 

Modelling of residential energy demand drivers and efficiency in IMAGE1 

V. Daioglou, B.J. van Ruijven, D.P. van Vuuren – PBL Netherlands Environmental Assessment Agency 

Residential energy use plays an important role in achieving a more sustainable development. First of 
all, residential energy use represents about 35% of global energy use and it therefore plays a key role 
in global energy-related environmental problems such as climate change and resource scarcity (IEA, 
2004, 2007). Urban air pollution and indoor air pollution are even more tightly related to residential 
energy use. Secondly, sufficient access to modern energy also forms a necessary condition for 
economic development and human well-being. In 2000, the international community made a 
commitment to the Millennium Development Goals (MDGs); a series of quantitative and time-bound 
targets aimed at tackling, among others, poverty, hunger, health, equality and environmental 
sustainability. Modi et al. (2005) and the IEA (2010) both show that access to modern energy forms a 
necessary condition for achieving these goals.  
 
Model-based scenario analysis forms an important tool to explore the relationships between 
residential energy use, development and environmental issues. Most global energy models describe 
future residential energy demand based on relatively simple relationships between energy 
consumption and income or GDP per capita. This implies that trends are only understood in abstract 
variables such as energy intensity. Moreover, specific dynamics of developing countries, such as 
underdeveloped markets and informal activities, the transition from traditional to commercial fuels, 
electrification, the role of income distribution and the urban/rural difference are not modeled at all 
(Pandey, 2002; Shukla, 1995; van Ruijven et al., 2008a). Subsequently current energy models tend to 
give poor results for developing countries (van Ruijven, de Vries, van Vurren, & van der Sluijs, 2009).   
 
A number of key energy functions (and associated drivers) play a role in residential energy use. Such 
functions include space heating and cooling, lighting, water heating, appliances and others (Howell, 
Alfstad, Victor, Goldstein, & Remme, 2005; Pachauri, 2004; Schipper, Haas, & Scheinbaum, 1996). 
Modeling these energy functions allows the study of the dynamics and possible future trends in this 
sector. Very few models currently follow such ‘bottom-up’ approach at the global scale, although some 
models exist for specific functions (Ekholm, Krey, Shonali, & Riahi, 2010; Isaac & van Vuuren, 2009; 
McNeil & Letschert, 2007; McNeil, Letschert, & de la Rue du Can, 2008).  
 
In this paper a description of the relation between the drivers and the energy demand per energy 
function in the Residential Energy Model Global (REMG) are described. The model is based on an 
explicit representation of five energy functions in households and their main drivers for 26 world 
regions. Within each region, the model addresses heterogeneity by distinguishing between urban and 
rural population classes and furthermore disaggregates between income quintiles of the respective 
classes. The bottom-up energy model which takes the heterogeneity of the residential sector in 
developing countries into account is used to attempt to understand and subsequently project world-
wide residential energy use. The second part of the paper describes the application of the model, 
showing detailed projections for residential energy use in India, China2, South East Asia3, South Africa 
and Brazil. These countries/regions were selected due to their importance for global energy use as 
“newly industrialized economies”, but also based on their climatic and social-economic differences.  

                                           
1 The description of model improvement is a summary of the following article: Vassilis 

Daioglou, Bas J. van Ruijven, Detlef P. van Vuuren (2012), Model projections for 

household energy use in developing countries, Energy, Volume 37, Issue 1, January 

2012, Pages 601-615, ISSN 0360-5442, 

http://dx.doi.org/10.1016/j.energy.2011.10.044. 
2 The China region consists of China, Hong Kong, Macau, Mongolia and Taiwan. 
3 South East Asia is made up of: Brunei Darussalam, Cambodia, East Timor, Indonesia, 

Laos, Malaysia, Myanmar, Papua New Guinea, Philippines, Singapore, Thailand and 

Vietnam. 

http://dx.doi.org/10.1016/j.energy.2011.10.044


 

 
The REMG model is an expanded version of a model developed specifically for the Indian residential 
sector (van Ruijven et al., 2011). This model has been adapted for analysis of other regions and 
validated based on available historic data. It has been used to describe possible future trends based 
on the scenarios currently being developed by the Global Energy Assessment (IIASA, 2010). These 
scenarios are attractive in the context of this paper given their focus on environmental and 
development issues. Using the GEA scenarios, we look into possible developments under different 
assumptions for socio-economic development – but also on the impacts of climate policy by 
introducing a carbon tax. 

Modelling method: Relating residential sector energy demand to drivers  
REMG is a stylized bottom up household energy simulation model which describes the demand and 
supply of energy for different household energy functions (Daioglou, 2010; van Ruijven et al., 2011) 
(Daioglou, 2010). There are a few key concepts that can be derived from the available literature on 
residential energy use. First of all, energy use in the residential sector can be best understood by 
focusing on specific end use functions and their drivers (Howell et al., 2005; Schipper et al., 1996). By 
relating these functions to economic development it is thus possible to analyze changes in energy 
use. Secondly, in the literature, the concept of the energy ladder is often used to describe empirical 
trends of fuel switching from traditional fuels (e.g. wood and coal) towards modern fuels (natural gas 
and electricity) (Hosier & Dowd, 1987). Finally, an important factor in residential energy use is the 
recognition of heterogeneity. Based on earlier research, income groups and urban/rural classes have 
been identified as the most statistically significant in determining a households’ energy consumption 
patterns (Pachauri, 2004). 
 
Figure 1 shows how in the model the primary drivers, secondary drivers and energy functions are 
related. In total, the model focuses on the five most important end use functions (IEA, 2004): i.e. 
cooking, appliances, space heating and cooling, water heating and lighting. The energy demand for 
the end-use functions is determined on the household level. The model uses five income quintiles for 
both the urban and rural population (population classes). After determining the energy demand per 
function (for each population class), supply by fuel type is determined on the basis of relative costs. 
Throughout this paper ‘traditional biomass’ and ‘coal’ are referred to as ‘solid fuels’ while the rest 
are considered ‘modern fuels’. The REMG model in principle also describes more advanced fuels such 
as hydrogen and modern bio-energy but given our focus on scenarios up to 2030, we have decided 
not to include these fuels here. In this paper REMG is applied as a stand-alone model. However, it is 
normally applied within the energy system model TIMER (van Vuuren et al., 2007) allowing to 
capture feedbacks between energy demand and energy prices. 
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Figure 1: Relationship between drivers and energy functions; all drivers (except for population density and temperature) 
defined for urban/rural classes and income quintiles. The relationships between these parameters are described in 
section  

It should be noted that the data requirement of the REMG model is considerable. Data is required for 
the drivers such as household expenditures, household sizes and income inequality. Data is also 
required for the energy consumption for the end use functions in relation to these drivers. This 
includes ownership rates and unit energy consumption of household appliances and data on useful 
energy requirement for cooking and heating. Finally, information concerning fuel choice for each end 
use function is needed. Unfortunately, such data are often not available from international data 
sources. We therefore had to consult many national data sources. While important data gaps remain, 
especially in time series, we were able to find enough data to determine relationships and calibrate 
the model 
 
Household information and appliance ownership was primarily collected from censuses and surveys 
of each country but also from the World Development Indicators of the World Bank (NBSC; NIS, 2009; 
NSSO, 1997, 2004; SSA, 2002, 2007; WDI, 2009). For income inequality, databases of the World Bank 
were used (World-Bank, 2009, 2010). Total final consumption of energy for the residential sector on 
a global scale is available from the International Energy Agency, which also breaks down the energy 
use to different fuels (IEA, 2007). More detailed data concerning the urban/rural divide, energy use 
per energy function, fuel shares, fuel subsidies etc, were gathered from scientific papers and 
independent databases (Gangopadhay, Ramaswami, & Wadhwa, 2005; Jannuzzi & Sanga, 2004; 
LBNL, 2008; Peng, Hisham, & Pan, 2010; Tonooka, Liu, Kondou, Ning, & Fukasawa, 2006; Xiaohua, 
Xiaqing, & Yuedong, 2002). Data concerning the difference in cooking fuels between urban and rural 
households is available from the World Health Organization (WHO, 2010). The model was calibrated 
against the available data in order to ensure that key indicators match historic observations. The 
calibration consists of data regression and manual parameter estimation and is aimed to ensure that 
household properties, appliance ownership, cooking fuel choice and final energy use reflected the 
data mentioned above as much as possible. The data collected can be found in the REMG Input 
Data.xls, which is also part of this toolbox. 
 
Description of End Use Functions REMG model 

The demand of the five end use functions are determined in terms of Useful Energy (UE), that is, 
energy delivered to the end-use functions adjusted for conversion efficiency between energy 
carriers. The choice of functions and their relationship with the primary drivers is based on the 
methodology adopted by van Ruijven et al. (2012).In all the following equations the subscript ‘R’ 
denotes regional variation, ‘p’ denotes urban/rural class difference, ‘q’ denotes income quintile, and 
‘a’ different appliances. Below, we briefly discuss the relationships derived for each end-use function. 
The exact parametrization of the functions can be found in the Data Technical Report, which is also 
part of this toolbox.  
 
Cooking: In developing regions, cooking often represents the most significant end-use function. In 
developed countries, however, other end use functions take precedence (IEA, 2006; Schipper et al., 
1996).  We analyzed historical data for cooking energy use from different parts of the world. The 
total range (69 data points) was 0.77 – 7.22 MJUE/cap/day. The vast majority of data points (44) 
clustered around 1.5 and 3.5 MJUE/cap/day. No statistically significant relationship was found 
between energy for cooking and income or geographical region. Therefore it was assumed that all 
regions have an average constant consumption of 3 MJUE/cap/day.  
 
Appliances: Appliances represent an important end-use function which can be directly related to 
household expenditures. Three different categories of appliances are modelled. These include 1) 



 

food storage and processing, 2) washing/cleaning and 3) entertainment. Within these categories 
eight indicative appliances are modeled. The appliance penetration is based on a gompertz function, 
equation (1). The gompertz function has been selected since its asymmetric logistic growth can 
model the uptake of appliances of poor households with a rapid initial growth followed by a gradual 
approach towards saturation. 
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Here, HHExp is the household expenditures disaggregated for regions, urban/rural class and income 
quintiles. The saturation level is the maximum number of appliances per household, which may vary 
with time. The gompertz parameters (φ1 and φ2) are region and class specific determined via 
regressions on available data points (global if local data was not available) (Daioglou, 2010).  
 
In order to determine energy use, the ownership levels are multiplied by the unit energy 
consumption. It is assumed that efficiency changes over time based on autonomous as well as a price 
induced energy efficiency improvements. The autonomous energy efficiency improvement describe 
in equation (2) is assumed to be a simple decay over time as verified from data (Bogdan & Bertoldi, 
2008; Cardoso, MNogueira, & Haddad, 2010; CEC, 2009; IEA, 2004; Weiss, Junginger, & Patel, 2008).  
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Here α and β determine the rate of autonomous decline and UECm is an assumed lower limit to UEC 
(based on extrapolation of trends and available information on minimum energy consumption by 
end-use type) (Daioglou, 2010). 
 
For the price induced energy efficiency improvement, the UEC is related to the cost of electricity 
(coe) as shown in equation (3). The parameter coe not only includes the electricity price, but also the 
annualized capital cost for use of electricity based on the current prices and efficiency ratings of 
certain appliances (Amana, 2010; Dixons, 2010; Whirlpool, 2010). The assumption is that appliance 
choice for each household is based on annualized total costs, weighing the advantage of reduced 
energy costs against the additional investments into efficiency. This price-induced efficiency 
improvement is assumed to occur on top of the autonomous improvement mentioned above. The 
coefficients α and β for equation (3) are determined based on the most attractive option for any 
given consumer discount rate (Daioglou, 2010). Thus for low-income households with high consumer 
discount rates where capital costs are important, the effect of a higher cost of electricity is lower.  
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Space Heating and Cooling: In richer households, space heating and cooling represents the greatest 
share of energy demand. Space heating demand is modeled as a function of floorspace (m2/cap), 
population size (capita), heating degree days (HDD) and heating intensity (kJUE/m2/HDD) directly after 
Isaac and van Vuuren (Isaac & van Vuuren, 2009).  
 

RRqpRqpRqpR HDDUEIntFloorSpacePopulationHeatUE  ,,,,,,   (4) 

 
In equation (4), UEInt is the useful energy heating intensity (kJUE/m2/°C/yr) which is also sensitive to 
energy costs, with heating intensity reducing as costs go up based on available technologies. 
Floorspace is in m2/cap and it is assumed to be a function of income levels and population density. 



 

The heating degree days are determined on the basis of a relationship with monthly mean 
temperature .  
 
Energy use of air conditioners is based on their penetration, unit energy consumption (UEC) and 
efficiency improvement (5): 
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The UEC is adjusted for efficiency changes to the average Energy Efficiency Ratio (EER) projections 
(Rong, Clarke, & Smith, 2007). The penetration depends on an expenditure based gompertz growth 
towards a climate based maximum saturation value. The relationship between maximum saturation 
and cooling degree days (CDD) is exponential and has a maximum of 100% (McNeil & Letschert, 
2007; Sailor & Pavlova, 2003). The UEC has a linear relationship with the cooling degree days (CDD) 
and a logarithmic relationship with income in order to account for multiple ownership of air cooling 
appliances (6): 

  1897.3ln6053.0 ,,,,  qpRRqpR HHExpCDDUEC  (6) 

 
Again, CDD is based on a relationship with monthly mean temperature. 
 
Water Heating: The growth in demand for warm tap water is modeled as a function of income 
towards a maximum value that is determined by heating degree days (cold regions tend to use 
warmer tap water). The data used to construct this relationship comes from a number of sources 
covering many climatic regions (DoECC, 2009; EIA, 2005; FSO, 2010; IEA, 2004; NRCan; Rosas-Flores & 
Galvez, 2010; Tyler & Schipper, 1990; Utlu & Hepbasli, 2005). 
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Where MaxUE in equation (7) is the maximum useful energy requirement for water heating based on 
a linear increase with HDD. 
 
Lighting: In low income countries lighting can account for a significant share of total electricity use 
while in OECD countries it represents only a small fraction of total energy use (IEA, 2008; Weiss et al., 
2008). In households which lack access to electricity, lighting demand is met by a given quantity of 
kerosene (Mills, 2005). For electrified households, data suggests that lighting demand (at frozen 
efficiency) forms a linear relationship with floor space. Hence, we used the floorspace trends to 
estimate the number of lighting fixtures per household. This is multiplied by the average wattage of 
lights (assumed uniform), and provides the total lighting capacity of the household. Finally this can be 
multiplied by a Lighting-Hours factor (the equivalent time that all lights are on). The formula has 
been fit to the available data (Daioglou, 2010).  

ursFactorLightingHoWattageFloorspaceergyLightingEn qpRqpR  ,,,, 68.0  (8) 

 
The wattage is determined by a choice between standard (incandescent) bulbs and efficient 
(compact fluorescent) lighting, based on the annual fuel and annualized capital costs. Market shares 
of the respective technologies are allocated based on the multinomial logit function. The costs of 
incandescent lamps are set as constant while there is a decrease over time in the price for compact 
fluorescent bulbs towards a minimum (Oosterhuis, 2007; Weiss et al., 2008).  
 



 

Baseline Projections 
The following paragraphs describe the model results (final energy use) for different regions as well as 
a sensitivity analysis. We first discuss total residential energy use, and next focus on the different 
end-use functions as well as the use of electricity. Where appropriate, the difference between 
urban/rural localities and income quintiles are also highlighted. Since this paper focuses on 
development the results presented focus around energy functions, fuel use and access to clean 
cooking fuels.  

Total Residential Energy Use 
In all regions, the assumed income increase in the baseline scenarios leads to an increase in energy 
demand for different energy functions and a diversification of the fuel supply. Figure 2 shows the 
projected final energy use by end use function in 2007 and in 2030 under the baselines for each of 
the studied regions for urban and rural households. As shown in Figure 2 (by comparing 2007 and 
2030 columns), the first end-use functions that are met are cooking and lighting. While lighting 
energy demand only forms a small share of total demand, in most regions cooking forms the most 
dominant end-use function. As households get richer, energy use for appliances, space 
heating/cooling and water heating gain importance. In China and South Africa space and water 
heating are projected to become important for energy given the climatic conditions. In contrast, in 
India, South East Asia and Brazil space cooling is more important.  
 
For urban energy use, appliances and cooling become important end-use functions, while for rural 
energy use cooking continues to dominate the picture for a much longer period of time. The 
exception here is formed in China and South Africa where space heating also is important for rural 
households (again, as a result of climatic conditions). Appliance energy use and space cooling are 
lower in rural regions due to lower income levels, but also lower electrification rates. 
 

 

 

Figure 2. Annual final energy use per capita (GJSE/cap) by end-use function, urban (upper) and rural (lower) areas. 

Figure 3 shows the total final energy use per capita by energy carrier. As can be seen, traditional fuels 
hold a large share in the final energy use of all regions looked at in this paper, especially in 2007 and 
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in rural areas. With increasing income levels, the model shows that households switch towards 
cleaner (and more efficient) fuels. In several, cases this even reduces the total per capita energy 
consumption: This is the case for rural households in all regions except China where the large 
increase in space heating energy demand results in a net increase of the overall demand. 
Furthermore, China and South Africa are the only regions which show a significant use of coal 
(especially for rural households) as it represents a cheap and abundant supply in these regions. 
 

 

 

Figure 3. Annual final energy use per capita (GJSE/cap) by fuel, urban (upper) and rural (lower) areas. 

The projected 2030 per capita energy consumption levels in Figure 3 range from 4 to 20 GJSE/cap,. 
Households in the USA, however, currently consume about 45GJSE/ (about half of this is for space and 
water heating) indicating that even in 2030 there is a huge potential for further increase in energy 
use. The countries we analyze do not reach such high levels of energy demand even amongst the 
richest cohort, partly as a result of climatic differences, but also due to lower household 
expenditures. Energy use of OECD regions are not predicted to change much in the studied time 
frame (IEA, 2010b; Kyle, Clarke, Rong, & Smith, 2010). 

Cooking and Heating 
The projected use of energy for cooking is detailed further in Figure 4. The supply of cooking energy 
use is dominated by traditional fuels, especially in rural areas. The demand for cooking energy falls 
for both urban and rural households due to fuel switching, which leads to the use of more efficient 
fuels, as well as autonomous increases in efficiency for any given fuel.  
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Figure 4. Annual final energy use per capita (GJSE/cap) for cooking by fuel, urban (upper) rural (lower) areas. 

Figure 5 shows the cooking capital for urban and rural households per quintile for India. This nicely 
illustrates the transition from traditional to modern fuel across the different income quintiles. For the 
lowest rural quintiles (R1 and R2), almost no changes are projected between 2007 and 2030: at the 
same time, very significant changes occur for the cohorts R3, R4, R5, U1 and U2. This implies that 
inequality and poverty also play a key role in the fulfilment of energy functions. Poverty can act as a 
significant barrier to fuel switching leading to a situation in which the poorest households only meet 
the basic functions using solid fuels. Furthermore, it can be seen that also LPG and kerosene are in 
the long-run replaced by natural gas and to a lesser extent, electricity. 
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Figure 5. Shares of cooking capital in India in 2007 (upper) and in 2030 (lower), urban/rural quintiles. 

The demand for heating is driven by climate factors and household expenditures. Figure 6 shows the 
space and water heating energy use per capita by fuel. As can be seen, increases in heating demand 
in rural India, South East Asia and South Africa are primarily met by increased use of traditional 
biomass. This is not true in the more prosperous urban households. In urban China, the model 
assumes that secondary heat becomes the dominant heating fuel (the underlying energy system 
calculation shows that natural gas is only available through major imports making it a less favored 
choice). South Africa is the only region which currently uses significant amounts of electricity to meet 
both cooking and heating functions. It is projected that this situation does not change. The 
projections show, finally, that gaseous and liquid fuels dominate urban India, South East Asia and 
Brazil. 
 
 

India 2007

0%

20%

40%

60%

80%

100%

U1 U2 U3 U4 U5 R1 R2 R3 R4 R5

Electricity

Natural Gas

LPG

Kerosene

Trad.Biomass

Coal

India 2030

0%

20%

40%

60%

80%

100%

U1 U2 U3 U4 U5 R1 R2 R3 R4 R5

Electricity

Natural Gas

LPG

Kerosene

Trad.Biomass

Coal



 

 
Figure 6.  Annual final energy use per capita (GJSE/cap) for space and water heating by fuel, urban (upper) and rural 
(lower) areas. 

Electricity Use 
Figure 7 shows the residential use of electricity by end use functions. The projection expects 
electricity use to increase in all regions for both urban and rural populations. The increase is mainly 
attributed to appliances and cooling but also cooking in (due to fuel switching) and heating in South 
Africa as heating demand grows (as already mentioned, South Africa already has a high use of 
electricity for heating). In rural households, electricity use is projected to remain significantly lower 
that urban areas due to lower expenditures and lower electrification rates.  
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Figure 7. Annual electricity use per capita (GJ/cap) by function, urban (upper) and rural (lower) areas. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Annual Rural Electricity Use

0

1

2

3

4

2007 2030 2007 2030 2007 2030 2007 2030 2007 2030

G
J
/c

a
p

Cooling

Heating

Cooking

Lighting

Appliances

India China South East Asia South Africa Brazil



 

References 

Amana. (2010). Refrigerator and washing machine ranges. Accessed August 2010.  

Retrieved August 2010, from www.amana.com www.amana.com 

Bogdan, A., & Bertoldi, P. (2008). Residential electricity consumption in New Member 

States and Candidate Countries. Energy and Buildings, 40, 112-125.  

Cardoso, R. B., MNogueira, L. A. h., & Haddad, J. (2010). Economic feasibility for 

acquisition of efficient refrigerators in Brazil. Applied Energy, 87, 28-37.  

CEC. (2009). Historical Appliances Database.  Retrieved January 2010, from The 

California Energy Commision 

http://www.energy.ca.gov/appliances/database/historical_excel_files/2009-03-

01_excel_based_files/ 

Daioglou, V. (2010). Residential Energy Use Scenarios. M.Sc, Utrecht University, Utrecht.    

Dixons. (2010). Refrigerator and washing machine ranges. Accessed August 2010.  

Retrieved August 2010, from www.dixons.co.uk www.dixons.co.uk 

DoECC. (2009). Energy Consumption in the UK, Domestic data tables (Vol. URN 

09D/454): Department of Energy and Climate Change. 

EIA. (2005). Residantial energy Consumption Survey, Detailed Tables: Water/Space 

Heating.  Retrieved 4th June 2010, from Enenergy Information Administration 

http://www.eia.doe.gov/emeu/recs/recs2005/hc2005_tables/detailed_tables2005.

html 

Ekholm, T., Krey, V., Shonali, P., & Riahi, K. (2010). Determinants of household energy 

consumption in India. Energy Policy, 38, 5696-5707.  

FSO. (2010). Economy and Use of Environmental Resources. Wiesbaden: Federal 

Statistical Office of Germany. 

Gangopadhay, S., Ramaswami, B., & Wadhwa, W. (2005). Reducing subsidies on 

household fuels in India: How will it affect the poor? Energy Policy, 33(18), 2326-

2336.  

Hosier, R. H., & Dowd, J. (1987). Household Fuel Choice in Zimbabwe. Resources and 

Energy, 9, 347-361.  

Howell, M. I., Alfstad, T., Victor, D. G., Goldstein, G., & Remme, U. (2005). A model of 

household energy services in a low income rural African Village. Energy Policy, 33, 

1833-1851.  

IEA. (2004). 30 Years of Energy Use in IEA Countries. Paris: International Energy 

Agency. 

IEA. (2006). World Energy Outlook 2006, Chapter 15: Energy for Cooking in Developing 

Countries. Paris: International Energy Agency. 

IEA. (2007). Energy Balances. Paris: International Energy Agency. 

IEA. (2008). Energy Technology Perspectives Scenarios and Strategies to 2050. Paris: 

International Energy Agency. 

IEA. (2010b). Energy Technology Perspectives: Scenarios and Strategies to 2050 (pp. 

710). Paris: International energy Agency. 

IEA. (2014). Energy Efficiency Indicators: Essentials for Policy Making. Paris, France. 

IIASA. (2010). GEA Scenarios: Energy transition pathways for Sustainable Development. 

Laxenburg: International Institute of for Applied Systems Analysis. 

Isaac, M., & van Vuuren, D., P. (2009). Modeling global residential sector energy demand 

for heating and air conditioning in the context of climate change. Energy Policy, 

37, 507-521.  

Jannuzzi, G. M., & Sanga, G. A. (2004). LPG subsidies in Brazil: an estimate. [Shart 

Article]. Energy for Sustainable Development, 8(3).  

Kyle, P., Clarke, L., Rong, F., & Smith, S. (2010). Climate Policy and the Long-Term 

Evolution of the U.S. Building Sector. The Energy Journal, 31(2), 145-171.  

LBNL. (2008). China Energy Databook 7th. Retrieved September 2010 

Lucon, O., Ürge-Vorsatz, D., Ahmed, A. Z., Akbari, H., Bertoldi, P., Cabeza, L. F., . . . 

Vilariño, M. V. (2014). Buildings. In: Climate Change 2014: Mitigation of Climate 

Change. Contribution of Working Group III to the Fifth Assessment Report of the 

Intergovernmental Panel on Climate Change ([Edenhofer, O., R. Pichs-Madruga, 

http://www.amana.com/
http://www.amana.com/
http://www.energy.ca.gov/appliances/database/historical_excel_files/2009-03-01_excel_based_files/
http://www.energy.ca.gov/appliances/database/historical_excel_files/2009-03-01_excel_based_files/
http://www.dixons.co.uk/
http://www.dixons.co.uk/
http://www.eia.doe.gov/emeu/recs/recs2005/hc2005_tables/detailed_tables2005.html
http://www.eia.doe.gov/emeu/recs/recs2005/hc2005_tables/detailed_tables2005.html


 

Y. Sokona, E. Farahani, S. Kadner, K. Seyboth, A. Adler, I. Baum, S. Brunner, P. 

Eickemeier, B. Kriemann, J. Savolainen, S. Schlömer, C. von Stechow, T. Zwickel 

and J.C. Minx (eds.)]. ed.). United Kingdom and New York, NY, USA. 

McNeil, M. A., & Letschert, V. E. (2007). Future air conditioning energy consumption in 

developing countries and what can be done about it: the potential of efficiency in 

the residential sector. Paper presented at the ECEE 2007 Summer Study. 

McNeil, M. A., Letschert, V. E., & de la Rue du Can, S. (2008). Global Potential of Energy 

Efficiency Standards and Labeling Programs The Collaborative Labelling and 

Appliance Standards Program (pp. 120). Berkeley: Lawrence Berkeley National 

Laboratory. 

Mills, E. (2005). The Specter of Fuel-based Lighting. [Supporting Online Material]. 

Science, 308(5726), 1263-1264.  

NBSC. China Statistical Yearbook, various issues. Beijing: National Bureau of Statistics of 

China. 

NIS. (2009). Housing Conditions 2007 (pp. 26). Phnom Penh: National Insitute of 

Statistics, Ministry of Planning. 

NRCan. Comprehensive Energy Use Database, 1990 to 2007.  Retrieved January 2010, 

from Natural Resources Canada, Office for Energy Efficiency 

http://oee.nrcan.gc.ca/corporate/statistics/neud/dpa/comprehensive_tables/index

.cfm?attr=0 

NSSO. (1997). Energy used by Indian households, Fifth quinquennial survey on 

Consumer Expenditure. New Delhi: National Sample Survey Organisation, 

Departement of statistics, Govt. of India. 

NSSO. (2004). Household consumer expenditure in India, NSS 60th Round (pp. 189). 

New Delhi: National Sample Survey Organisation. 

Oosterhuis, F. (2007). Cost Decreases in Environmental Technology - Evidence from four 

case studies (pp. 43). Amsterdam: Institute for Environmental Studies - Vrije 

Universiteit Amsterdam. 

Pachauri, S. (2004). On measuring energy poverty in Indian households. World 

Development, 32(12), 2083-2104.  

Pandey, R. (2002). Energy policy modelling: agenda for developing countries. Energy 

Policy, 30, 97-106.  

Peng, W., Hisham, Z., & Pan, J. (2010). Households level fuel switching in rural Hubei. 

Energy for Sustainable Development, 14, 238-244.  

Rong, F., Clarke, L., & Smith, S. (2007). Climate Change and the Long-Term Evolution of 

the U.S.Buildings Sector (pp. 43): Pacific Northwest National Laboratory. 

Rosas-Flores, J. A., & Galvez, D. M. (2010). What goes up: Recent trends in Mexican 

residential energy use. Energy, Article in Press.  

Sailor, D. J., & Pavlova, A. A. (2003). Air conditioning market saturation and long term 

response of residential cooling energy demand to climate change. Energy, 28, 

941-951.  

Schipper, L., Haas, R., & Scheinbaum, C. (1996). Recent Trends in Residential Energy 

use in OECD Countries and Thier Impact on Carbon Dioxide Emissions: A 

Comparative Analysis of the Period 1973-1992. Mitigation and Adaptation 

Strategies for Global Change, 1, 167-196.  

Shukla, P. R. (1995). Greenhouse gas models and abatement costs for developing 

nations. Energy Policy, 23(8), 677-687.  

SSA. (2002). General Household survey. Statistics South Africa   

SSA. (2007). General household survey. Statistics South Africa   

Tonooka, Y., Liu, J., Kondou, Y., Ning, Y., & Fukasawa, O. (2006). A survey on energy 

consumption in rural households in the fringes of Xian city. Energy and Buildings, 

38, 1335-1342.  

Tyler, S., & Schipper, L. (1990). The Dynamics of electricity use in Scandinavian 

Households. Energy, 15(10), 841-863.  

Utlu, Z., & Hepbasli, A. (2005). Analysis of energy and exergy use of the Turkish 

residential-commercial sector. Building and Environment, 40, 641-655.  

http://oee.nrcan.gc.ca/corporate/statistics/neud/dpa/comprehensive_tables/index.cfm?attr=0
http://oee.nrcan.gc.ca/corporate/statistics/neud/dpa/comprehensive_tables/index.cfm?attr=0


 

van Ruijven, B. J., de Vries, B., van Vurren, D., P, & van der Sluijs, J. P. (2009). A global 

model for residential energy use: Uncertainty in calibration to regional data. 

Energy, 35(1), 269-282.  

van Ruijven, B. J., Urban, F., Benders, R. M. J., Moll, H. C., van der Sluijs, J. P., van 

Vurren, D., P, & De Vries, H. J. M. (2008a). Modelling Energy and Development: 

an Evaluation of Models and Concepts. World Development, 36(12), 2801-2821.  

van Ruijven, B. J., van Vurren, D., P, De Vries, B., Isaac, M., van der Sluijs, J. P., Lucas, 

P., & Balachandra, P. (2011). Model projections for household energy use in India. 

Energy Policy, Accepted for publication. doi: 10.1016/j.enpol.2011.09.021 

van Vuuren, D. P., den Elzen, M., Lucas, P., Eickhout, B., Strengers, B., van Ruijven, B., . 

. . van Houdt, R. (2007). Stabilizing greenhouse gas concentrations at low levels: 

an assessment of reduction strategies and costs. Climatic Change, 81(2), 119-

159.  

WDI. (2009). World Development Indicators 2009 Database from The World Bank 

Weiss, M., Junginger, M., & Patel, M. K. (2008). Learning Energy Efficiency - Experience 

Curves for Household Appliances and Space Heating, Cooling and Lighting 

Technologies (pp. 223). Utrecht: Copernicus Institute. 

Whirlpool. (2010). Refrigerator and washing machine ranges. Accessed August 2010.  

Retrieved August 2010, from www.whirlpool.com www.whirlpool.com 

WHO. (2010). WHO Household Energy Database.  Retrieved October 2010, from World 

Health Organisation 

World-Bank. (2009). Global Income Distribution Dynamics Dataset.  Retrieved March 

2010, from World Bank 

http://econ.worldbank.org/WBSITE/EXTERNAL/EXTDEC/EXTDECPROSPECTS/0,,co

ntentMDK:21909753~pagePK:64165401~piPK:64165026~theSitePK:476883,00.h

tml 

World-Bank. (2010). PovcalNet: the on-line tool for poverty measurement developed by 

the Development Research Group of the World Bank.  Retrieved May 2010, from 

World Bank 

http://iresearch.worldbank.org/PovcalNet/jsp/CChoiceControl.jsp?WDI_Year=200

7 

Xiaohua, W., Xiaqing, D., & Yuedong, Z. (2002). Domestic Energy Consumption in Rural 

China: A Study on Sheyang Country of Jiangsu Province. Biomass and BioEnergy, 

22, 251-256.  

 

 

 

 

http://www.whirlpool.com/
http://www.whirlpool.com/
http://econ.worldbank.org/WBSITE/EXTERNAL/EXTDEC/EXTDECPROSPECTS/0,,contentMDK:21909753~pagePK:64165401~piPK:64165026~theSitePK:476883,00.html
http://econ.worldbank.org/WBSITE/EXTERNAL/EXTDEC/EXTDECPROSPECTS/0,,contentMDK:21909753~pagePK:64165401~piPK:64165026~theSitePK:476883,00.html
http://econ.worldbank.org/WBSITE/EXTERNAL/EXTDEC/EXTDECPROSPECTS/0,,contentMDK:21909753~pagePK:64165401~piPK:64165026~theSitePK:476883,00.html
http://iresearch.worldbank.org/PovcalNet/jsp/CChoiceControl.jsp?WDI_Year=2007
http://iresearch.worldbank.org/PovcalNet/jsp/CChoiceControl.jsp?WDI_Year=2007

