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INTRODUCTION 

The building stock accounts for between 16 and 50 percent of national energy 

consumption worldwide [1–3]. Governments around the world are thus rolling out 

energy directives, national regulations and energy-efficiency labels that set 

minimum requirements for buildings’ performance [4], and promote the construction 

of green buildings [5]. Buildings’ stakeholders have thereby started dealing with 

buildings as products-with-services rather than just simple products. Services may 

for instance include energy monitoring or equipments’ maintenance during a 

building’s use-phase. Moreover, new market expectations such as the ‘energy 

performance contracts’ have started to emerge in a number of countries [6]. Such 

services and offers require thus a better control of performance’s variability during a 

building’s lifecycle. Consequently, a better comprehension and consideration of the 

key determinants of energy performance has become essential for the design and 

marketing processes of buildings. 

Occupant behavior is a substantial source of uncertainty in energy modeling since. It 

can impact energy consumption by as much as 100% for a given dwelling [2,7–14]. 

Industrial energy simulation tools such as Energy Plus and eQUEST propose some 

simplifications regarding occupants’ behavior (among other simplifications), which 

may lead to unrealistic energy estimates, and may eventually be one of the reasons 

behind high discrepancies between predicted and real energy consumption values 

[15–18]. Nowadays, such performance discrepancies are no longer tolerated - 

especially in the case of green (energy-efficient) buildings. More precise methods 

are therefore needed to model occupants’ influence on buildings’ energy 

performance. Such models should result in more accurate energy estimations, and 

hence improve building designs and marketing offers.  

The authors have proposed an activity-based model of residential energy demand 

(SABEC, standing for Stochastic Activity Based Energy Consumption) in a doctoral 

dissertation [19] . The present paper is not intended to detail the model, but it briefly 

recalls the adopted modeling methodology. The main focus here is to show how a 

user-focused model, which accounts for occupants’ energy-related needs and 

activities, can be used within the engineering design, energy management processes, 

and marketing offers of residential buildings.  
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A literature review is first presented followed by a brief recall of the proposed 

modeling methodology and a sample of simulation results. The possible integration 

of the proposed model into the design and energy management processes of 

residential buildings is then demonstrated through a number of use cases. 

BACKGROUND AND RELATED WORK 

Occupants’ Behaviour and Energy Use Trends in Residential 

Buildings 

According to Ellegård and Palm [20], energy use is embedded in most aspects of 

households’ daily life. People use energy and water to satisfy their daily living needs 

and activities such as preparing food and supplying heat and light [21,22]. Scientific 

literature points out the major end-use groups of energy such as space heating, space 

cooling, domestic hot water, appliances and lighting [3,23,24]. This energy 

consumption is highly dependent on the behavior of occupants [2,14,25]. Past 

experience shows that energy usage can vary dramatically from one household to 

another [12,13,27]. This variation reflects the heterogeneity in occupants’ needs and 

preferences. Literature confirms the presence of high correlations between 

household attributes on the one hand, and domestic appliances ownership levels, 

their energy rating, and their use patterns on the other [25,28–34]. This would 

explain why general assumptions about occupants’ behavior imply ambiguities and 

inevitably lead to significant uncertainties in energy predictions. Therefore, a better 

modeling of occupant-related energy consumption must merge from a better 

understanding of their needs, preferences and usage-contexts, and, thus from a better 

representation of their socio- economic and demographic attributes that influence 

their energy consumption trends. 

Existing modelling approaches 

Literature reveals the existence of a number of different scientific techniques for 

modeling energy consumption in residential buildings [11]. Some authors, such as 

Seryak & Kissock [13] and Yohanis et al. [35], use real sub-metering data in order to 

derive representational loads (so-called “diversity profiles”) of occupants energy 

use, and thus deduce estimates of buildings’ total energy consumption. Other 

modeling methods are those aiming at simulating occupancy patterns and various 

energy-load schedules by using stochastic approaches (e.g. Monte Carlo Markov 

Chains) that are based on national time use surveys (TUS) [18]. Authors such as 

Tanimoto [36] , Richardson et al. [37,38], Widén and Wäckelgård [39] , Muratori 

[40] and Subbiah [41] adopted such type of approaches. These modeling approaches 

yet still have some drawbacks. First, even though they correlate occupancy 

schedules to appliance use-patterns and consumption, yet to the authors’ knowledge, 

neither of the existing approaches establishes the link between occupants’ daily 

living needs (Maslow’s pyramid) and their related energy consumption. Second, 

they do not generate energy demand profiles based on the activities performed in 

each household and more particularly by each household member. Therefore, they 

lack the capability to depict use-situations such as the sharing phenomena of 

appliances and activities (e.g. Watching TV). Third, the existing models are not 

exhaustive in representing household attributes (such as the income, age, etc.), 
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where in most cases, the main variable considered for representing households is the 

number of occupants. Consequently, such models cannot assess energy consumption 

variability between different population segments and household profiles.  

Based on these conclusions, we believe that a user-focused statistically-derived 

approach which correlates occupants’ profiles (socio-economic and demographic) 

on the one hand, to activities, appliance ownership and use trends, and usage 

contexts on the other hand, can be very useful for the design process of buildings. 

The benefits of such a model may not be limited to energy consumption predictions, 

but it can go further to be used for adapting building design solutions and for energy 

monitoring and management during the use-phase of buildings for instance. 

THE SABEC MODEL 

Ontology and principles 

SABEC model is developed in the scope of forecasting occupant-related energy 

consumption in residential buildings, while accounting for variability in 

consumption patterns due to heterogeneity in occupants’ socio-economic and 

demographic profiles [19]. The model accounts mainly for energy consumption 

related to domestic activities such as watching TV, washing dishes, and doing 

laundry. The structure of the proposed Activity-Based Energy Consumption SABEC 

model is presented in Figure , whereas its different objects are very briefly 

introduced in this section. Occupants’ behavior is characterized through a need-

activity-action paradigm. We consider that occupants satisfy their daily living needs 

(e.g. house-caring) by performing a set of daily activities (e.g. washing dishes), 

which in turn are conducted through a set of actions (e.g. wash dishes by machine, 

wash dishes by hand). Exhaustive inventories of energy-use needs, activities, actions 

and appliances are established in accordance with existing literature and related 

theories (e.g. Maslow’s pyramid, activity theory) [19]. An Activity-based model 

entails that energy consumption of a household is estimated by summing up the 

energy use of different activities performed (such as cooking, washing clothes, etc.). 

The model is of a stochastic nature due to the twofold probabilistic mapping 

(conditional probabilities) established between household attributes (household type, 

number of occupants, socio-professional category, etc.), as well as the corresponding 

appliance ownership rates, appliance characteristics and power ratings, and activity 

quantities. A household model with an exhaustive representation of occupants’ 

attributes is proposed.  

Domestic activities are classified according to their nature (shared, additive), and a 

quantification unit is attributed for each of them (service unit). For a given activity 

(a given need), the service unit is coupled with appliance’s energy rating in order to 

estimate the resulting energy and water consumption. The proposed model can thus 

quantify energy consumption per domestic activity at the level of a specific 

individual or household. We highlight here that the technical and computational 

aspects of the model are not presented in this paper. For more details, the reader may 

refer to [19] and [44,45]. 
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Figure 1: Architecture of SABEC model 

Deterministic simulation of energy and water consumptions 

This SABEC model has been used for stochastic simulations in [46] of households’ 

energy and water consumptions. The detailed work can be found in [19] 

(Downloadable here: https://hal.archives-ouvertes.fr/tel-01087894).  

In the following, the authors present the deterministic energy and water consumption 

simulation of a household’s whole set of domestic activities. 

For summary, it has been proposed a parametric modelling principle of the energy 

envelope of an activity of a family of occupants according to their characteristics 

(number, age, sex, occupation and sociological characteristics of family members) 

by: 

 Considering the amount of this activity, 

 Correlating the quality and eco-efficiency of equipment brought by the 

family 

 Calculating the consumption by additive summation of individual 

consumptions and heuristic estimation of the activity sharing  

 Fitting of consumption patterns (electricity and water) related to an activity 

based on national statistical data of consumption. 

In total, 28 domestic energy and water consuming activities have been modeled (see 

the list in Figure 2). These consumption models are expressed with about twenty 

parameters featuring the household composition.  

https://hal.archives-ouvertes.fr/tel-01087894
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Figure 2: The 28 activities of energy and water consumption  

Each activity has been modeled in an Excel spreadsheet by: a subset of influencing 

households variables, a causal graph of influence starting from these households 

variables and ending with activity quantities passing through a number of 

quantitative intermediate variables (e.g. occupation rate, number of weekly meals, 

laundry weight…), modeling assumptions used, incoming data from statistical 

databases or national consumptions, and procedures used for model fitting to 

national consumption data. Figure 3 represents such a data streaming for assessing 

the final electrical consumption for “Watching TV” activity. 

 
Figure 3: Watching TV electrical consumption model 

The household simulation of energy and water consumption is monitored through a 

dedicated Excel spreadsheet allowing the definition of the household features and of 

some building physical features (see Figure 4). Some graphical outputs of 

simulations are provided in Figure 5: for a given dwelling and different households 

considered: Figure 5.a provides a comparison of both energy and water 
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consumptions, Figure 5.b provides such a comparison under each of the 28 

activities. 

 
Figure 4: The SABEC simulation energy and water consumption dashboard for 

a given household 

  
Figure 5: Typical SABEC energy and water consumption of a residence 

building depending on the household composition 

DISCUSSION AND CONCLUSION 

Such simulations of energy and water consumptions from different household 

profiles enable: 

 possible refinement or increased accuracy of EPCs (Energy 

Performance Contracts) 

 possible simulations of the influence of certain technical solutions of 

the frame (e.g. effectiveness or no of pre-installed washing machines) 

 to obtain heat gain estimates by activities that are useful inputs for 

further more accurate dynamic thermal simulations (DTSs).  

The originality of our work is the decomposition of electro-domestic consumption 

by activities. This is of the utmost importance since occupants can and know how to 

regulate their activities. This model could be central to the development of a 

connected building approach, to the Internet of Things at the service of information 

and regulation of consumption. Although to date, we still do not have adequate 

technical resources for allocating consumption by activities, we can get ahead by 

calculating consumption by reference activities from the cloud data "for comparable 

family", develop visualization interfaces and offer occupants means to voluntarily 
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de-consume (incentives, emulation by social network, diagnostic and support to 

action plan ...). 

BIBLIOGRAPHY 

[1] Saidur, R., Masjuki, H. H., and Jamaluddin, M. Y., 2007, “An application of energy and exergy analysis in 

residential sector of Malaysia,” Energy Policy, 35(2), pp. 1050–1063. 

[2] Masoso, O. T., and Grobler, L. J., 2010, “The dark side of occupants’ behaviour on building energy use,” 

Energy and Buildings, 42(2), pp. 173–177. 

[3] Hoes, P., Hensen, J., Loomans, M., De Vries, B., and Bourgeois, D., 2009, “User behavior in whole 

building simulation,” Energy and Buildings, 41(3), pp. 295–302. 

[4] EPBD, 2014, “Concerted Action | Energy Performance of Buildings Directive” [Online]. Available: 

http://www.epbd-ca.eu/. [Accessed: 13-Sep-2014]. 

[5] Vierra, S., 2011, “Green Building Standards and Certification Systems | Whole Building Design Guide” 

[Online]. Available: http://www.wbdg.org/resources/gbs.php. [Accessed: 13-Sep-2014]. 

[6] CPE, 2012, “Contrats de performance énergétique - Ministère du Développement durable” [Online]. 

Available: http://www.developpement-durable.gouv.fr/Contrats-de-performance,28987.html. [Accessed: 

10-Feb-2014]. 

[7] Page, J., Robinson, D., Morel, N., and Scartezzini, J. L., 2008, “A generalised stochastic model for the 

simulation of occupant presence,” Energy and Buildings, 40(2), pp. 83–98. 

[8] Yu, Z., Fung, B. C. M., Haghighat, F., Yoshino, H., and Morofsky, E., 2011, “A systematic procedure to 

study the influence of occupant behavior on building energy consumption,” Energy and Buildings, 43(6), 

pp. 1409–1417. 

[9] Pachauri, S., 2004, “An analysis of cross-sectional variations in total household energy requirements in 

India using micro survey data,” Energy policy, 32(15), pp. 1723–1735. 

[10] Fabi, V., Andersen, R., Corgnati, S., and Olesen, B., 2012, “Occupants’ window opening behaviour: A 

literature review of factors influencing occupant behaviour and models,” Building and Environment, 58, 

pp. 188–198. 

[11] Swan, L. G., and Ugursal, V. I., 2009, “Modeling of end-use energy consumption in the residential sector: 

A review of modeling techniques,” Renewable and Sustainable Energy Reviews, 13(8), pp. 1819–1835. 

[12] Clevenger, and Haymaker, 2006, “The impact of the building occupant on energy modeling simulations,” 

Joint International Conference on Computing and Decision Making in Civil and Building Engineering, 

Montreal, Canada, pp. 1–10. 

[13] Seryak, J., and Kissock, K., 2003, “Occupancy and behavioral affects on residential energy use,” 

Proceedings of the Solar Conference, pp. 717–722. 

[14] Emery, A. F., and Kippenhan, C. J., 2006, “A long term study of residential home heating consumption 

and the effect of occupant behavior on homes in the Pacific Northwest constructed according to improved 

thermal standards,” Energy, 31(5), pp. 677–693. 

[15] Malavazos, C., Tzovaras, D., Kehagias, D., and Ioannidis, D., 2011, “Energy and behavioural modelling 

and simulation for ee-buildings design,” Proceedings of the CIB W78-W102 2011: International 

Conference, Sophia Antipolis, France. 

[16] Kashif, A., Ploix, S., Dugdale, J., and Binh Le, X. H., 2013, “Simulating the dynamics of occupant 

behaviour for power management in residential buildings,” Energy and Buildings, Volume 56, pp. 85–93. 

[17] Bourgeois, D., Reinhart, C., and Macdonald, I., 2006, “Adding advanced behavioural models in whole 

building energy simulation: a study on the total energy impact of manual and automated lighting control,” 

Energy and buildings, 38(7), pp. 814–823. 

[18] Chiou, Y.-S., 2009, “Deriving US household energy consumption profiles from american time use survey 

data a bootstrap approach,” 11th International Building Performance Simulation Association Conference 

and Exhibition, Glasgow, Scotland, pp. 151–158. 

[19] Zaraket, T., 2014, “Stochastic Activity-based Approach of Occupant-related Energy Consumption in 

Residential Buildings,” Doctoral Dissertation, Ecole Centrale Paris. 

[20] Ellegård, K., and Palm, J., 2011, “Visualizing energy consumption activities as a tool for making everyday 

life more sustainable,” Applied Energy, 88(5), pp. 1920–1926. 

[21] Pennavaire, C., 2010, “Comprehensive modeling of energy use in households. An Agent Based case study 

on potential behavioural and technicalmeasures towards an energy neutral urban environment.,” Master of 

Science in Construction Management and Engineering, University of technology,Eindhoven. 

[22] Kashif, A., Ploix, S., Dugdale, J., and Le, X. H. B., 2011, “Agent based framework to simulate inhabitants’ 

behaviour in domestic settings for energy management,” 3rd International Conference on Agents and 

Artificial Intelligence (ICAART 2011), Rome. 



8 

 Book’s title 

 
[23] Swan, and Ugursal, 2009, “Modeling of end-use energy consumption in the residential sector: A review of 

modeling techniques,” Renewable and Sustainable Energy Reviews, 13(8), pp. 1819–1835. 

[24] Yao, R., and Steemers, K., 2005, “A method of formulating energy load profile for domestic buildings in 

the UK,” Energy and Buildings, 37(6), pp. 663–671. 

[25] Yun, G. Y., and Steemers, K., 2011, “Behavioural, physical and socio-economic factors in household 

cooling energy consumption,” Applied Energy, 88(6), pp. 2191–2200. 

[26] Robinson, D., 2006, “Some trends and research needs in energy and comfort prediction,” Windsor 

Conference. 

[27] Paauw, J., Roossien, B., Aries, M. B. C., and Santin, O. G., 2009, “Energy Pattern Generator; 

Understanding the effect of user behaviour on energy systems,” 1st European conference energy efficiency 

and behaviour, pp. 9–10. 

[28] Weber, C., and Perrels, A., 2000, “Modelling lifestyle effects on energy demand and related emissions,” 

Energy Policy, 28(8), pp. 549–566. 

[29] Mansouri, I., Newborough, M., and Probert, D., 1996, “Energy consumption in UK households: Impact of 

domestic electrical appliances,” Applied Energy, 54(3), pp. 211–285. 

[30] Lutzenhiser, L., and Bender, S., 2008, “The ‘Average American’ Unmasked: Social Structure and 

Differences in Household Energy Use and Carbon Emissions.” 

[31] Guerin, D. A., Yust, B. L., and Coopet, J. G., 2000, “Occupant predictors of household energy behavior 

and consumption change as found in energy studies since 1975,” Family and Consumer Sciences Research 

Journal, pp. 48–80. 

[32] Nugroho, S. B., Fujiwara, A., Zhang, J., Kanemoto, K., Moersidik, S. S., and Abbas, S., 2010, 

“DEVELOPMENT OF A HOUSEHOLD ENERGY CONSUMPTION MODEL FOR MEGACITIES IN 

ASIA,” Hong Kong. 

[33] Yun, G. Y., Tuohy, P., and Steemers, K., 2009, “Thermal performance of a naturally ventilated building 

using a combined algorithm of probabilistic occupant behaviour and deterministic heat and mass balance 

models,” Energy and buildings, 41(5), pp. 489–499. 

[34] McLoughlin, F., Duffy, A., and Conlon, M., 2012, “Characterising domestic electricity consumption 

patterns by dwelling and occupant socio-economic variables: An Irish case study,” Energy and Buildings, 

48, pp. 240–248. 

[35] Yohanis, Y. G., Mondol, J. D., Wright, A., and Norton, B., 2008, “Real-life energy use in the UK: How 

occupancy and dwelling characteristics affect domestic electricity use,” Energy and Buildings, 40(6), pp. 

1053–1059. 

[36] Tanimoto, J., Hagishima, A., and Sagara, H., 2008, “Validation of probabilistic methodology for 

generating actual inhabitants’ behavior schedules for accurate prediction of maximum energy 

requirements,” Energy and Buildings, 40(3), pp. 316–322. 

[37] Richardson, I., Thomson, M., Infield, D., and Delahunty, A., 2009, “Domestic lighting: A high-resolution 

energy demand model,” Energy and Buildings, 41(7), pp. 781–789. 

[38] Richardson, Murray Thomson, David Infield, and Conor Clifford, 2010, “Domestic electricity use: A high-

resolution energy demand model,” Energy and Buildings, 42(10), pp. 1878–1887. 

[39] Widén, J., and Wäckelgård, E., 2010, “A high-resolution stochastic model of domestic activity patterns and 

electricity demand,” Applied Energy, 87(6), pp. 1880–1892. 

[40] Muratori, M., 2013, “A Highly Resolved Modeling Technique to Simulate Residential Power demand,” 

Applied Energy, 107, pp. 465–473. 

[41] Subbiah, R., 2013, “An Activity-Based Energy Demand Modeling Framework for Buildings: A Bottom-

Up Approach,” Virginia Polytechnic Institute and State University. 

[42] Kashif, A., Ploix, S., Dugdale, J., and Binh Le, X. H., 2012, “Simulating the dynamics of occupant 

behaviour for power management in residential buildings,” Energy and Buildings. 

[43] Quijano, J., Herpson, C., and Sabouret, N., 2010, “Prédiction de l’activité humaine afin de réduire la 

consommation électrique de l’habitat,” pp. 43–52. 

[44] Zaraket, T., Yannou, B., Leroy, Y., Minel, S., and Chapotot, E., 2013, “A usage model-driven approach for 

forecasting occupant-related energy consumption in residential buildings,” Proceedings of CONFERE 

2013, Biarritz , France. 

[45] Zaraket, T., Yannou, B., Leroy, Y., Minel, S., and Chapotot, E., 2014, “A Stochastic activity-based 

approach for forecasting occupant-related energy consumption in residential buildings,” Proceedings of 

International Design Engineering Technical Conferences (IDETC), American Society of Mechanical 

Engineering, Buffalo, N.Y, USA. 

[46] Zaraket T., Yannou B., Leroy Y., Minel S., Chapotot E. (2015) 'An occupant-based energy consumption 

model for user-focused design of residential buildings', Journal of Mechanical Design, Vol. 137, No. 7 - 

special issue on "User Needs and Preferences in Design Engineering" 

 


