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Project Objectives
One of the most significant barriers for 
substantially improving the energy efficiency 
of buildings is the lack of knowledge about 
the factors determining the energy use. 
There is often a significant discrepancy 
between the designed and real total energy 
use in buildings. But, the reasons for this 
divergence are generally poorly understood 
and often have more to do with the role 
of human behaviour than with building 
design. This discrepancy can lead to 
misunderstandings and miscommunication 
between the parties involved in the topic 
of energy savings in buildings. In general, 
building energy consumption is mainly 
influenced by six factors: 

Project Summary

1.	 climate, 
2.	 building envelope characteristics, 
3.	 building services and energy systems 

characteristics, 
4.	 building operation and maintenance, 
5.	 occupant activities and behaviour, and 
6.	 indoor environmental quality provided.
Figure 1 shows the factors influencing total 
energy use in buildings. The latter three 
factors, related to human behaviour, can 
have an influence at least as great as the 
former three. The completed EBC research 
project, ‘Annex 53: Total Energy Use in 
Buildings: Analysis and Evaluation Methods’, 
has analyzed all six factors together to 
accurately understand and even to predict 
building energy consumption due to their 

Figure 1. Six factors influencing total energy use in buildings
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influences. Previous to this work, the user 
related aspects and behaviour effects had 
been presumed from the large spread in 
energy use for similar or identical buildings, 
but a distinction between the building-related 
and the user-related aspects of energy 
consumption had not been established.

The key outcomes of the project are:
1.	 Uniform definitions of building energy 

use items, including energy system 
boundary, conversion factors, building 
end use, and energy performance 
indicators. These provide a uniform 
language for comparison and 
benchmarking of building energy use, 
as well as three different levels of data 
collection typologies that can help in 
the analysis of energy performance and 
influencing factors.

2.	 International case studies of offices and 
residential buildings. Basic information 
contained in the twelve office case 
studies includes category, data level, 
location, gross floor area, number of 
floors, construction year, air conditioning 
system, cooling and heating sources. 
Basic information in the twelve residential 
case studies includes category, number 
of floors, floor area, construction year, 
and data level.

3.	 A review of state-of-the-art online data 
collection systems and technologies, 
which included five online systems from 
Finland, China, Japan, Germany, and 
Spain. These systems were analyzed 
to identify the main features and 
characteristics of various measurement 

strategies for online data collection 
and monitoring systems designed for 
building energy systems.

4.	 A report highlighting suitable statistical 
models to apply for energy use analysis. 
This contains recommendations about 
the proper application of the different 
models as a function of the goal of the 
analysis. These statistical models have 
a very high potential for both individual 
buildings and large building stocks, but 
it is important to clearly define the goal 
of the analysis in advance and to ensure 
the availability of suitable data.

5.	 Specific methodologies to analyze 
energy consumption in buildings 
were developed and applied to 
get the maximum benefit from the 
use of simulation models. These 
methodologies used specific concepts 
such as sensitivity analysis, uncertainty 
analysis, and highlighted the importance 
of model calibration when analyzing an 
existing building.

Project duration 
2008 - 2013 (completed)

Operating Agent
Prof. Hiroshi Yoshino
Department of Architecture and Building Science,
Graduate School of Engineering,
Tohoku University
Aoba 6-6-11-1203, Sendai 980-8579
Japan
+81-22-795-7883
yoshino@sabine.pln.archi.tohoku.ac.jp

Participating countries
Austria, Belgium, Canada, Denmark, Finland, 
France, Greece, Italy, Japan, the Netherlands, 
Norway, Portugal, USA
Observer: P.R. China

Further information
www.iea-ebc.org
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The ultimate goal of the completed EBC 
research project ‘Annex 53: Total Energy 
Use in Buildings: Analysis and Evaluation 
Methods’ was to better understand and 
strengthen knowledge regarding the robust 
prediction of total energy usage in buildings, 
thus enabling the assessment of energy-
saving measures, policies and techniques. 
The project studied how six categories 
of factors influence building energy 
consumption, so as to develop building 
energy research, practice, and policy more 
closely aligned with the real world. These 
categories include climate, building envelope 
characteristics, building services and energy 
systems characteristics, building operation 

Project Outcomes

and maintenance, occupant activities and 
behaviour, and indoor environmental quality. 
The research was performed on two building 
types: residential buildings (detached 
houses and multi-family apartments) and 
office buildings (large scale high rise offices 
and small scale offices).

Definition of terms relating to 
energy use and influencing 
factors 
Inconsistency in the terminology related to 
building energy use is a serious barrier to 
understanding the influencing factors and to 
analysing real energy use. To address this, 
consistent definitions have been developed 

Figure 2. Energy flow and boundaries

← Region I → ← Region II → ← Region III →
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concerning the building boundary, energy 
end uses, energy conservation factors, 
the six categories of factors influencing 
energy use, and energy performance 
indicators. Figure 2 shows the energy flows 
and boundaries. The building boundary 
is where energy flows are separated into 
three components: Eb, Et and Ed, where 
Eb represents the energy actually required 
within the building space, Et is the energy 
delivered to all the technical systems in the 
buildings, while Ed captures the energy use 
for space heating, cooling and hot water in 
district heating and cooling systems. Energy 
use performance indicators are defined in 
three ways, which are:
1.	 only the energy used on the site, 
2.	 the site energy converted to primary 

energy (energy used for power 
generation), and 

3.	 the energy use normalised by various 
factors of floor area, number of persons, 
and so on.

For the six types of factor influencing energy 
use, a three-level hierarchy of definitions has 
been developed. These simple, intermediate 
and complex levels are related to the type of 
analysis to be undertaken: the simple level 
serves large scale statistical analysis; the 
intermediate level is considered the minimum 
level for case studies; and the complex level 
is used for simulation or detailed diagnostics. 
Table 1 shows the three levels and the six 
categories of influencing factors. For the 
research subjects of residential buildings and 
office buildings in the project, the definitions 
in each level identify the important items for 
the different kinds of influencing factor, and 
the quantitative and qualitative parameters 
for each item. 

 
Table 1. Three level typology definitions for residential buildings and office buildings

Typology Energy use data I II III
Level A
(Simple, for statistics 
with large scale 
datasets)
Datasets with small 
number of data points 
per building

Annually or monthly IF1. Climate
IF2. Building 
envelope and other 
characteristics
IF3. Building service 
and energy system

IF4. Building 
Operation

Level B
(Intermediate, for 
case studies)

Monthly or daily Same categories as 
Level A, more detail

IF4.
IF5. Indoor 
environmental quality

IF6. Occupant 
behaviour

Level C:
(Complex, simulations 
or detailed 
diagnostics)

Daily or hourly 

Note: Levels B and C includes six categories of influencing factors (IF1 to IF6), while a more 
extensive set of definitions is covered in Level C.
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Definitions of energy-related 
occupant behaviour and 
modelling

Energy use in residential and office buildings 
is influenced by the behaviour of occupants 
in various ways. In order to achieve better 
understanding of total energy use in 
buildings, the identification of the relevant 
driving factors of energy-related occupant 

behaviour and a quantitative approach 
to modelling energy-related occupant 
behaviour and energy use are required. For 
that, around 100 reports and papers have 
been reviewed. Energy-related occupant 
behaviour refers to observable actions or 
reactions of a person in response to external 
or internal stimuli, or actions or reactions of 
a person to adapt to ambient environmental 
conditions. These actions may be triggered 

Figure 3. Methodology for occupant behaviour definitions in office buildings
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by various driving forces which can be 
separated into biological, psychological, and 
social contexts, time, building / installation 
properties, and the physical environment. 
Information on occupant presence and 
activities can be obtained from individual 
questionnaires or monitoring by zone. Office 
buildings can be classified at three different 
levels from a bottom-up perspective as 
shown in Figure 3. A simplified calculation 
model of the energy use was developed for 
a certain item of equipment or system in a 
certain zone, based on the combination 
of different behaviour types of different 
kinds of occupants and their equivalent 

occupied time, which can be used to the 
rough evaluation of energy consumption for 
building services systems in office buildings. 

 
Case Studies of total energy 
use for analysis and evaluation
Collecting, reviewing and selecting case 
studies that document and analyze energy 
use data were a critical aspect of this 
research. Case studies were developed 
for thirteen office buildings and twelve 
residential buildings, and the key results 
of total energy comparison and occupant 
behaviour for the buildings were presented 

Figure 2. Residential buildings collected and information 
availability

JP01 JP02 JP03 FR01 IT01 CN01 BE01 NO01 NO02
General
Function Y Y Y Y Y Y Y Y Y
Architectura
l

Y D D Y Y D N N N

Envelop Y N N Y Y Y Y N N
Weather 
Data

Y N N Y Y Y N N N

Equipment and System Description
Lighting N Y Y D Y N Y N N
Office App. 
(Plug-in)

N Y Y D Y N Y N N

Ventilation N Y Y Y Y D Y N N
H/ C Source N Y Y Y Y D Y Y Y
Pumps and 
Fans

N Y Y Y Y D Y Y Y

Y: Yes; N: NO; D: Detailed

Table 2. Information availability for the office building case studies, in Japan (JP), France (FR), 
	  Italy (IT), China (CN), Belgium (BE), and Norway (NO)



7EBC Annex 53 Project Summary Report

Figure 4. Electricity consumption of 10 case study office buildings 

and used as input data for simulation based 
analyses.
Case studies of nine of the office buildings 
are shown in Table 2 with a summary of 
information availability. Electricity use in 
10 of the office buildings is presented in 
Figure 4. The total energy use of the office 
buildings differs from country to country. 
For example, heating energy use in Austria, 
Belgium, Northern China and Norway is 
similar, while heating energy use in France is 
very different. Huge differences in electricity 
uses in the case study buildings are seen 
in the following systems: air conditioning, 
ventilation, and lighting, due to the different 
types of HVAC systems and their operation 
modes. Further analysis shows large-scale 
office buildings with floor areas larger than 
30000 m2 consume significantly more 
electricity than smaller office buildings, by 

comparing the electricity use per square 
meter. Detailed information on these case 
study buildings is available in the Final 
Report (2013).

 
Data collection systems for 
the building energy system 
management
Monitoring is fundamental when aiming to 
gain better knowledge and understanding 
of the energy performance of buildings. 
One of the main activities in this project 
was to review state-of-the-art online data 
collection systems and technologies, and 
to analyze computer programs developed 
by different countries, to identify the main 
features and characteristics of online data 
collection and monitoring systems. Five 
online data collection systems, from Finland, 

0 50 100 150 200

AUS-01

BEL-01

CHN-01

CHN-02

CHN-03

CHN-04

FRA-01

JPN-01

JPN-02

NOR-02

kWhe/(m2.a)

Lighting
Office appliances
IT room
Ventilation
Pumps
Chiller or indoor unit
Cooling tower or outdoor unit
Catering
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China, Japan, Germany, and Spain, have 
been reviewed. All online data collection 
systems normally require five components: 
measurements, obtaining external data 
(such as weather information), data transfer, 
data analysis, and reporting. To capture 
the full potential for environmental and 
energy savings, data provided by smart 
meters, including energy data and the 
information about the influencing factors, 
should be integrated in real time with 
building automation systems to optimize the 
use of energy in various building systems. 
Mass produced sensors often offer cheap 
and flexible means for measuring both 
environmental factors and occupation of 
buildings.
As an example, Figure 5 shows a brief 
description of an individual online data 
collection system originally developed in 
Finland for municipal building owners. User 
interfaces are created using standard HTML 
and are therefore compatible with most web 

browsers.

 
Statistical analysis of total 
energy use
Suitable statistical models are important for 
building energy use analysis and prediction. 
A database was created in the project to 
form the basis of statistical analyses, which 
was divided into two groups in terms of 
the number of buildings and a number of 
parameters required to describe buildings. 
One part of the database is composed 
of a large number of parameters relating 
to a single individual building describing 
its energy behaviour (see the upper-left 
side of Figure 6), such as hourly and daily 
energy consumption, outdoor temperature, 
number of occupants, and so on. Another 
part of the database covers a large number 
of buildings, but with each characterised 

Figure 5. WebKulu technical overview
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Figure 6. Schematic diagram of information collected in the project database according to building 
sample dimension and level of detail on individual buildings

by only a few parameters such as annual 
energy consumption, floor area, average 
indoor temperature, and so on. 
A further database of 80 Japanese residential 
buildings supplied to the project is a further 
example providing an intermediate level of 
detail. This is composed of 1-minute interval 
electricity consumption and 5-minute 
interval gas consumption data for one year 
for all household equipment. Also, it includes 
more than 12 characteristic parameters for 
each house, including heat loss coefficient, 
air tightness, floor area, number of family 
members and so on. 
An ideal database would be composed of a 
large number of buildings, each characterised 
by a large number of parameters (see the 
upper-right side of Figure 6). But, this would 
actually be very impractical and expensive 
to obtain in practice. 
To carry out a critical examination of 

the potential and limitations of applying 
statistical and predictive inverse models 
for estimating the energy consumption 
of buildings and exploring the influencing 
factors, the experiences of the different 
project participants were collected and 
shared. A total of 17 contributions that deal 
with both residential and office buildings 
were gathered, and for each contribution 
the database structure, influencing factors, 
investigation method and an overall 
judgment of the potential for the investigation 
method were summarized. Examining the 
contributions received, the main goals of the 
analyses can be divided into two types: 
1.	 Descriptive analysis, including statistical 

characterization of the subject, 
benchmarking, identification of driving 
variables that contributed to energy use, 
determination of accurate profiles of 
user behaviour, and so on. 
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2.	 Prediction (forecasting) of energy 
consumption of the subject. The 
most commonly used methods are 
variable base degree-day models, 

linear regression models, change point 
models, artificial neural network models, 
and data mining. 

Detailed explanation of these methods is 

Figure 7. Input and output layers in a neural network model of annual residential building energy 
consumption

Input Hidden Output

Building Age

Floor Area

Annual Energy

Floor Area

Heat Loss Coefficient

Equivalent Area of Interstice ConsumptionEquivalent Area of Interstice

Family Members

Heating Degree Days (HDD)

Cooling Degree Days (CDD)

Learning Phase

Figure 4 Neural Network

Learning Phase

Figure 4. Neural Network

Figure 8. Relative importance of input layers to annual residential building energy consumption 
according to the results of a neural network model
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available in the Final Report (2013). As an 
example, Figure 7 shows an example of 
an artificial neural network model using 
the database of 80 residential buildings 
introduced above. The results shown in 
Figure 8 reveal that the annual energy 
consumption can be explained mainly by 
parameters characterising ‘heating degree 
days’ (27%), ‘family members’ (22%), and 
‘coefficient of heat loss’ (19%).

 
Energy Performance Evaluation
To obtain more benefit from the use of 
simulation models for analyzing total 
energy use in buildings, a number of 
specific methodologies were developed to 
complement the use of simulation tools. 
The approaches taken include sensitivity 
analysis, uncertainty analysis, and model 

calibration in order to get more reliable 
results and to adapt the presentation of the 
results to the needs of specific users of the 
simulation tools. A requirement for more 
realistic consideration of the impacts of 
building occupants has also emerged from 
the application of these methodologies. 
Some examples of energy performance 
evaluation and its application are as follows:
1.	 For analyzing the effect of the six factors 

on energy use, sensitivity analysis has 
been carried out by running different 
simulation models on a number of cases 
by three participating countries. Figure 
9 shows the results of the effects of 
lifestyle changes on residential energy 
use, in Japan, which reveals that lifestyle 
changes can save more energy than 
increased thermal insulation.

Figure 9. Analysis of the effect of lifestyle change on residential energy use
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2.	 A simulation methodology targeting 
the design of residential buildings was 
developed in the project. It is based upon 
the a priori realization of a large number 
of simulations of typical cases (generic 
buildings) followed by the identification 
of a simplified regression model 
expressing performance in terms of the 
dominating parameters. An uncertainty 
can be attributed to each parameter and 
the final performance then given as a 
range around a central value. 

3.	 Monte Carlo simulation, which is 
based on performing multiple model 
evaluations with probabilistically 
selected model inputs, was applied 
to determine the uncertainty in the 
model output (prediction) and to 
perform sensitivity analysis. A detailed 
description of its application for energy 
performance evaluation is presented in 
the Final Report (2013).

Conclusions
This project has contributed to a better 
understanding of how to robustly analyze 
and predict the total energy use in buildings, 
thus enabling the improved assessment 
of energy–saving measures, policies and 
techniques. Definitions of terms related to 
energy use and the influencing factors of 
building energy use have been developed for 
offices and residential buildings, providing 
a uniform language for building energy 
performance analysis. On this basis, a 
database of case study buildings in different 
countries has been established, and the 
building energy use and influencing factors 

have been analysed. Statistical models for 
national or regional building energy data 
including the influence of occupant behaviour 
have been summarized, to determine the 
capabilities and limitations of statistical tools 
to better describe energy use in buildings 
and the main factors that affect the energy 
end use in buildings. Methodologies to 
predict total energy use in buildings and to 
assess or evaluate the impacts of energy 
saving policies and techniques have also 
developed. 
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EBC and the IEA

The International Energy Agency
The International Energy Agency (IEA) was established 
in 1974 within the framework of the Organisation for 
Economic Co-operation and Development (OECD) 
to implement an international energy programme. 
A basic aim of the IEA is to foster international co-
operation among the 29 IEA participating countries 
and to increase energy security through energy 
research, development and demonstration in the fields 
of technologies for energy efficiency and renewable 
energy sources.

The IEA Energy in Buildings and 
Communities Programme
The IEA co-ordinates international energy research and 
development (R&D) activities through a comprehensive 
portfolio of Technology Collaboration Programmes. 
The mission of the IEA Energy in Buildings and 
Communities (IEA EBC) Programme is to develop and 
facilitate the integration of technologies and processes 
for energy efficiency and conservation into healthy, low 
emission, and sustainable buildings and communities, 
through innovation and research. (Until March 2013, 
the IEA EBC Programme was known as the IEA Energy 
in Buildings and Community Systems Programme, 
ECBCS.)
The R&D strategies of the IEA EBC Programme are 
derived from research drivers, national programmes 
within IEA countries, and the IEA Future Buildings 
Forum Think Tank Workshops. These R&D strategies 
aim to exploit technological opportunities to save 
energy in the buildings sector, and to remove technical 
obstacles to market penetration of new energy efficient 
technologies. The R&D strategies apply to residential, 
commercial, office buildings and community systems, 
and will impact the building industry in five areas of 
focus for R&D activities:

–– Integrated planning and building design

–– Building energy systems

–– Building envelope

–– Community scale methods

–– Real building energy use

The Executive Committee
Overall control of the IEA EBC Programme is 
maintained by an Executive Committee, which not 
only monitors existing projects, but also identifies new 
strategic areas in which collaborative efforts may be 

beneficial. As the Programme is based on a contract 
with the IEA, the projects are legally established as 
Annexes to the IEA EBC Implementing Agreement. 
At the present time, the following projects have been 
initiated by the IEA EBC Executive Committee, with 
completed projects identified by (*):

Annex 1: 	 Load Energy Determination of 
 		  Buildings (*)
Annex 2: 	 Ekistics and Advanced Community 	
		  Energy Systems (*)
Annex 3: 	 Energy Conservation in Residential 	
		  Buildings (*)
Annex 4: 	 Glasgow Commercial Building 
		  Monitoring (*)
Annex 5: 	 Air Infiltration and Ventilation Centre 
Annex 6:	 	 Energy Systems and Design of  
		  Communities (*)
Annex 7: 	 Local Government Energy 
		  Planning (*)
Annex 8: 	 Inhabitants Behaviour with Regard to 	
		  Ventilation (*)
Annex 9: 	 Minimum Ventilation Rates (*)
Annex 10: 	 Building HVAC System Simulation (*)
Annex 11: 	 Energy Auditing (*)
Annex 12: 	 Windows and Fenestration (*)
Annex 13: 	 Energy Management in Hospitals (*)
Annex 14: 	 Condensation and Energy (*)
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