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Abstract

Electricity consumption in the tertiary sector is still increas-
ing - by 3 % per year between 1995 and 2005 in the EU-25
countries — and a further increase is expected of more than
2 % per year over the next 15 years. The tertiary sector includes
companies and institutions of public and private services with
very heterogeneous economic and energy-related characteris-
tics. A study of the current state of data in the tertiary sector in
European countries revealed that the availability of disaggre-
gated data on electricity consumption and its use by purpose
(lighting, office equipment, ventilation, air conditioning, etc.)
is poor. Building managers and decision-makers are not well
enough informed about the electricity consumption structure
and electricity-saving potentials.

EL-TERTIARY develops a harmonised methodology for
monitoring electricity consumption and applies it in more than
100 cases in 12 EU countries. Implications for dissemination
and energy efficiency policies will be derived. It is regarded as
important to have an exchange of experiences on these issues
within the scientific community and with actors and decision-
makers in order to develop efficient instruments for practical
use. EL-TERTIARY is an EU Intelligent Energy project under
Key Action 4 “Energy efficient equipment and products”
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Introduction
The tertiary sector is a heterogeneous area. It includes sub-
sectors such as all kinds of public and private offices, hotels,
restaurants, shops, supermarkets, schools, universities, kinder-
gartens, hospitals, swimming pools and various other services.
Many types of buildings are represented which vary with regard
to size, technical standard, building age, etc. A common char-
acteristic is that energy costs absorb only a small part of the
total budget or income of the companies and institutions in
this sector. For this reason, energy saving is not commonly a
financial or management priority in the tertiary sector.
Existing studies found multiple types of significant barriers
to energy efficiency improvements (e.g. Sorrell et al. 2004; de
Canio et al. 1998; de Groot et al. 2001 and other numerous stud-
ies since the 1980s). They are mainly caused by socio-economic
framework conditions in the sector, but also market failures,
transaction costs, or imperfect information as well as market
barriers on the supply side. Especially public organisations and
companies which are not profit-oriented are characterised by a
high level of barriers (Schleich/Gruber 2007). One of the main
important barriers is the lack of information about the patterns
of energy consumption. This is partially due to missing meter-
ing devices and partially to organisational deficiencies such as
failing to clearly assign the responsibilities for energy manage-
ment and energy costs. Transaction costs including the costs
of collecting, assessing and applying information on energy
savings potentials, investments and organisational measures,
as well as the costs of negotiations with potential suppliers,
consultants or installers are prohibitive. Another problem is
the shared responsibility between different departments, e.g.
operating and purchasing departments. There is also a lack of
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sufficient market structures and access to energy service com-
panies, energy consultancies, energy agencies, etc. Finally the
end-users, i. e. the employees who do not pay the energy costs,
are not usually motivated to save energy.

Electricity continues to gain an increasing share of final en-
ergy use in all countries, despite its use placing an extra burden
on the energy economy and the environment. Electricity, which
accounted for 36 % in 2000, is expected to have a share of more
than 47 % of energy consumption in the tertiary sector by 2030
(EU DG TREN 2003). This long-term development makes it
necessary to initiate increased measures to save electricity and
to use it efficiently. Southern EU countries tend to show a much
higher increase in electricity consumption and an alarming oc-
currence of summer peaks with precarious impacts on the sta-
bility of electricity grids.

For example, one study found that the cooled area in EU-15
countries, a large share of which comprises tertiary sector offic-
es and trade buildings, increased by more than 100 % between
1990 and 2000 and a further increase of 150 % is expected by
2020 (Adnot et al. 2003). For many building managers, electric-
ity consumption is a difficult area in which to identify saving
potentials due to the complexity of end-uses which are mainly
crosscutting technologies such as lighting, office equipment,
information and communication, hot water production, venti-
lation, air conditioning, electric motors (pumps, elevators), and
electric heating. A sector-specific use is cooling and freezing,
e. g. in supermarkets, hotels, and restaurants. Experiences of
consultants show that they were able to find high potentials
for efficient electricity use in most companies and buildings
(Jochem/Gruber 2005). The data situation on the stock and
electricity consumption of buildings in the tertiary sector is
still insufficient even in Germany, where surveys on this is-
sue were conducted for many years (Jochem/Gruber 1990). In
Switzerland, a study analysed building and organisational char-
acteristics, energy-relevant decisions and the development of
the electricity consumption in 100 office buildings over a dec-
ade. Among others, it revealed that the increasing efficiency of
equipment was compensated by a more intensive use of equip-
ment and new installations, e.g. IT infrastructure or air-condi-
tioning (Weber 2000). The electricity consumption structure is
expected to change considerably over time due to technological
developments and the purchase and use of appliances.

In 2006, the EU Intelligent Energy project EL-TERTIARY
(Monitoring Electricity Consumption in the tertiary sector)
was launched under Key Action 4 “Energy efficient equipment
and products”. Its overall objective is to promote electricity sav-
ings and a more efficient use of electricity in the tertiary sec-
tor. Existing potentials will be identified based on reliable and
detailed information on electricity consumption. The results
will be used to design suitable policies and initiatives includ-
ing an assessment of their impact. One of the main goals is to
develop a pragmatic methodology for the empirical monitoring
of electricity consumption and balancing of end-uses in terti-
ary buildings. This method is applied to the analysis of more
than 100 tertiary buildings in twelve countries and will later
be made available to the public and documented in a brochure
for building managers in order to be used on a broad level. To
start with, the project collected existing data in the countries
involved concerning the tertiary sectors and buildings in a da-
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tabase and analysed methodologies used for gathering the data.
This paper presents the results of the evaluation of these data
and methods and briefly describes the harmonised methodol-
ogy developed for the case studies.

Data collection and analysis

As a first step, available data from national studies, surveys and
other sources were identified in the countries participating in
the project EL-TERTIARY: Belgium, Bulgaria, the Czech Re-
public, France, Germany, Greece, Hungary, Italy, Latvia, the
Netherlands, Portugal, and Romania. For standardisation pur-
poses, the NACE sector classification was adopted. Buildings
or companies were classified according to the closest NACE
division or class. Furthermore the electricity end-use categories
were defined in such a way that the data collected are compa-
rable and can be used as an input for statistics and databases at
EU level.! The end-uses were: lighting, air conditioning, ven-
tilation, refrigeration, office equipment, motor systems (oth-
ers than for heating, ventilation, etc.), hot water and electric
heating. Some studies have more detailed information, but a
subdivision was not used for reasons of comparability. More
categories will be introduced into the case studies within the
EL-TERTIARY project. In addition, the data and their sources
are described with respect to their statistical basis. A template
was developed which required input for each study considered,
the sectors and subsectors analysed, the method of analysis,
electricity consumption as a total and - if available — analysed
per end-use listed above, surface area of the sample and other
explanatory information.

Input was provided from 11 countries®. The studies include
over 12,100 buildings across the tertiary sector. They involve
samples of various sizes, ranging from case studies of single
buildings to studies of thousands of similar buildings. The
methods used include measurements for smaller samples and
surveys for bigger ones. The following NACE sectors are rep-

resented:
50-52  Wholesale and retail trade
55 Hotels and restaurants

65-67  Financial intermediation

70-75  Real estate, renting and business activities

80 Education

85 Health and social work

90-93  Other community, social and personal service

activities

The data collected were compiled into a single Excel file and
analysed, depicting indicators of electricity use per category per
country and sector. The main conclusions from the data analy-
sis can be summarised as follows (Figures 1 and 2):

¢ The number of studies analysing all - or most - of the end-
uses listed above is limited. Most studies provide the total

1. e.g. for the Odyssee-MURE project on Energy Efficiency Indicators (database of
basic energy-related EU-wide data and energy-efficiency indicators) and energy
saving measures (database on measures for the rational use of energy in EU coun-
tries and simulation tool for the evaluation of their impact).

2. Work is still ongoing because new studies and data sources are still being found.
In addition, the collection will be completed by data from Northern European coun-
tries not represented in the project team.
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Figure 1: Analysis of European Data — Electricity consumption per sector
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Figure 2: Analysis of European Data — Breakdown of electricity consumption per end-use

electricity consumption. Some include one or two end-uses
in addition to those originally targeted.

The energy indicators show considerable differences be-
tween countries.

Energy consumption indicators have increased values mov-
ing from EU-15 towards EU-25 and EU-27. There seems to
be, as expected, a technological gap between the “old” and
the “new” EU countries. Such indicators are of course, of

questionable accuracy when the building samples involved
are very small.

The definitions and the accuracy of the analysis of the end-
uses treated may vary from country to country. For exam-
ple, some countries or studies grouped office equipment to-
gether with electric motors and refrigeration; some regarded
electric heating under ventilation, etc. There is also an open
question regarding the data given for electric heating, which
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Figure 3: Electricity consumption per end-use in private offices in eight European countries

may contain heating by reversible heat pumps; this is very
difficult to quantify, especially with survey techniques. In-
terrelations between electricity and fuel consumption still
have to be analysed.

The work attempted has not been undertaken on this scale be-
fore (i. e. at EU level). Most studies analysed are of a regional
or national nature. The analysis of existing data reveals that
obvious problems exist. They are related to the existing studies
and/or the technological status of the region, country or sample
treated. The current work should be seen as the initial step in
a wider attempt. More input is needed (studies, data) and is
expected within the framework of the current project.

A common EU-wide understanding is necessary to help en-
ergy experts collect or produce the appropriate data and cre-
ate a basis to judge their accuracy and validity. More relevant
studies such as the ones to be produced by EL-TERTIARY are
necessary to provide an initial basis on which future work can
build. An accurate definition of the number and content of
end-uses is needed to allow an EU-wide analysis on a common
basis and to work towards common targets.

Quality of data and methodologies

The data sources found are mainly studies performed in the
participating countries by, for instance, research institutes. In
order to determine deficiencies, gaps and problems with regard
to the data collected, a methodological checklist has been de-
veloped. It consists of four parts:

e Part 1 contains questions with regard to the country and the
information, whether the study or data were published or
are confidential, type of building and NACE code.

 Part 2 indicates the title of the study, year of publication,
type of study (survey, measurement, assessment, extrapola-
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tion, etc.), number of cases, time period covered, and type of
data (individual data, aggregated data or a combination).

e Part 3 is the main part of the methodological checklist. In
this part, the data content is described (total electricity con-
sumption and breakdown to different kinds of equipment
or installations). For each figure, the methodology of data
collection is described (measured, calculated, estimated or
surveyed).

e In part 4 comments on the study are included, such as spe-
cial building characteristics, availability of more detailed
data, autonomous electricity production, etc.

This information is now available in a standardised format for
all the studies and data sources found and registered. The data
themselves are compiled in the database described above. The
methodological checklists give detailed qualitative information
about the data. With the help of this information it is possible
to determine the quality of the data and to pinpoint gaps, de-
ficiencies and problems with regard to the available data on
the electricity usage of a total building and its installations or
apparatus.

With regard to the type of study involved: 16 % were based
on surveys, 12 % on measurement, 4 % on assessments, 6 %
were not specified; no extrapolations were represented. The
majority (62 %) used a combination of methods, consisting
mainly of survey, assessment, and extrapolation (30 %); 10 %
used measurement and surveys, another 10 % measurement
and assessment. 34 % of the studies present aggregated data,
e. g. for a whole sector, 60 % consist of data on individual build-
ings and 6 % of aggregated data as well as data for individual
buildings.

The search for studies intended to concentrate on recent data.
66 % of the studies were performed in the period 2000-2006.
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Figure 4: Percentage of studies which take into account different types of electricity end-uses
Table 1: Methods of determining the different types of electricity end-uses
Method of determination
Unknown IMeasured Calculated Estimated Surveyed Combination

Total consumption 7 % 57 % 9 % 2 % 15% 11 %
ILighting 5 % 0 % 60 % 3 % 8 % 25 %
|Air conditioning 9 % 9 % 41 % 9 % 23 % 9 %
\Ventilation 4 % 11% 33 % 30 % 11% 11%
Office equipment 0 % 0 % 33 % 52 % 5 % 10 %
IRefrigeration 5 % 11% 21 % 42 % 11% 11%
|Electric motor drives 10 % 0 % 40 % 10 % 10 % 30 %
IHot water 17 % 0 % 25 % 0 % 25 % 33 %
|[Electric heating 20 % 0 % 20 % 0 % 27 % 33 %
|0ther 7 % 4 % 57 % 4 % 7 % 21 %

Earlier studies were included when more recent ones were not
available in a country (18 %). In 16 % of the studies, the year of
origin is not mentioned.

In order to find out which gaps, deficiencies and problems
exist in the current data file, quantitative and descriptive statis-
tics were used to analyse the methodological checklists. Earlier
it was determined how to judge the quality of the data. For this
judgement the following guidelines are followed. The quality
of data is determined by looking at the way the data was gath-
ered. Data gathered with the help of measurement is considered
to have a good quality. When the data is not measured but,
instead, calculated, the quality of the data is of a lesser level,
because of the possible flaws that could exist in the calcula-
tion. Data which is estimated is of a somewhat lesser quality
then data about the electricity usage of an installation which
has been calculated. Finally, the data about the electricity us-
age which has been gathered with the help of surveys is of the
least quality.

It has been analysed in how many studies the electricity us-
age of a building and of the various end-uses has been taken
into account. Furthermore, it has been analysed per type of
energy consumer how the data has been gathered. With these
analyses is it possible to draw conclusions with regard to the
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quality of the data, the gaps, deficiencies and problems. One of
the results is shown in Figure 4.

As can be seen in Figure 4, a lot of data already exist on the
total electricity consumption of buildings in the tertiary sector
and there is some more insight into electricity consumption for
lighting and ventilation. The other installations in a building
have not often been taken into account in the studies found. Ta-
ble 1 shows the distribution of the ways in which the electricity
consumption is determined for the different types of end-uses
and the buildings.

Looking at these results it can be said that there exist some
gaps and deficiencies in the data found. The first gap or defi-
ciency that can be mentioned is the lack of data with regard
to the energy usage of equipment and installations gathered
with the help of measurement. Another gap or deficiency is
the poverty or lack of information about part of the end-uses.
There is a great spread in available information. With regard
to the data found on total electricity consumption of various
buildings in the tertiary sector the quality is fairly high. The
data about the energy usage of the different types of equipment
and installations in buildings in the tertiary sector is of a lesser
quality because in most cases it is calculated.
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With regard to the electricity usage of some types of sys-
tems a lot of information is already available: lighting (80 % of
the studies found), ventilation (56 %), air conditioning (42 %),
and office equipment (42 %). About other installations little
information was found. It concerns the following types of sys-
tems: refrigeration (38 % of the found studies), electric heating
(30 %), hot water production (24 %), and electric motor drives
(20 %). With regard to the quality of the data about the elec-
tricity usage of the refrigeration, electric motor drives, and the
hot water there is a great variety in methods used and the few
number of studies in which these usages were mentioned.

The conclusion from these findings is not necessarily that
EL-TERTTARY has to focus the attention to these types of end-
uses. It is possible that these types of installations do not play an
important role in determining the total electricity consumption
of the different types of buildings within the tertiary sector.

In general most data on end-uses were calculated except of-
fice equipment and refrigeration, where values were mainly es-
timated. Measured data are rare; they are available for ventila-
tion, refrigeration, and air conditioning only. A combination of
methods was used mainly for electric motor drives, hot water,
and electric heating.

The EL-TERTIARY project focuses not only on metering
electricity consumption but also on the determination of elec-
tricity balances of tertiary buildings. Often lighting, ventilation
and air conditioning are the three most important energy users
with regard to the total electricity consumption of a building.
When taking into consideration the way in which the data is
gathered with regard to these electricity users in most cases the
electricity usage has been calculated so far. With regard to the
different types of lighting, ventilation and air conditioning, a lot
of research has already been performed by the manufacturers
of these systems. Besides that, it is difficult to get a good insight
in the electricity consumption of the different types of, for in-
stance, lighting, because of the great diversity in available types
on the market. For these reasons, not only metering but also the
determination of the consumption of these systems with the
help of standard calculation will be a relevant method in the
case studies, e.g. based on the nominal power of the system as
stated by the manufacturer and the hours of usage (for instance
stated by the Building Management System).

Development of a monitoring methodology
A key outcome of the EL-TERTIARY project is a database with
a set of data of electricity consumption and end-uses in types
of buildings and subsectors in the tertiary sector and a har-
monised methodology for electricity metering and analysis,
which has been tested in at least 100 selected typical buildings.
The results will be made available for stakeholders and inter-
ested building owners, managers and planners, help them to
find the electricity-saving potentials in their premises, to make
the relevant investments and to encourage the users regarding
energy-saving behaviour.

Creating a methodology to meter electricity consumption
in the tertiary sector has to take into account several specific
aspects of this sector:

¢ ahigh diversity of building types, systems, usages, etc.

o different climatic regions and weather conditions
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¢ the dependency on access to the building and cooperation
with building owners, facilities managers, etc.

e the fact that electricity can harm seriously and that metering
of many devices in buildings have to carried out by profes-
sional electricians

The methodology developed by IGS defines a practical and ad-
equate way to cover the large variety of buildings, standards,
electric devices and metering possibilities. It uses a top-down
approach for the analysis of electricity consumption of build-
ings. The method allows a structured way of documentation
and gives options for electricity metering and calculation. In
2007, a web-based version for the documentation of the build-
ings and metering results will be provided.

The EL-TERTIARY method combines audit and metering
strategies to reduce the effort for data collection. This approach
will be supported by an ergonomic and self explaining web-
based user interface. The underlying database structure allows
the use of collected data for other applications thereby increas-
ing the value of the initial energy audit and metering. The target
is to provide a tool that delivers high quality data being used by
semi-professionals and that creates a more sustainable database
for buildings.

The methodology is tested within the project and later in-
tended to be used by a multiple number of persons: profession-
als, engineers, maintenance staff, etc. To make sure not to get
lost in the details of a building concept the top-down-approach
defines some practical general application rules:

¢ Documentation should always be done first and metering
second. Good documentation of a system provides more
information than an imprecise metering.

¢ The auditor should first enter the information he can get
easily. He should not waste too much time on single items
of information. Easy metering tasks should be done first, in
order not to waste time on difficult metering approaches.

¢ Photos taken of the building, of rooms and systems and of
the metering setup can help later understanding and evalu-
ation.

¢ The auditor should stick to the methodology and especially
to the documentation rules because otherwise a common
evaluation is not possible.

e Electricity can harm seriously. Therefore the auditor has to
follow instructions for the metering device used. Some work
must be carried out by professional electricians only.

The number of aspects that can be described in a building is
extremely large. In order to include as many of them as pos-
sible the methodology covers all relevant systems and practical
technical descriptions. It is important that not all of this infor-
mation has to be provided to obtain a good result.

Metering the energy consumption is rather worthless if
the building itself and its systems are not properly described.
Therefore it is necessary to analyse each building first and to
set up a metering concept before the auditor actually starts the
metering. The EL-TERTIARY methodology is based on exist-
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ing methods® and defines some additional procedures and rules
for their application. The procedure comprises six steps:

1. Getting started

2. Auditing the building

3. Auditing the systems

4. Metering

5. Calculation of energy consumption

6. Database input

The steps should be followed one after the other to implement
the top-down approach. A priority list will be prepared for data
collection: minimum (necessary), important (very useful), de-
tail (nice to have).

Step 1: Getting started

Working on a building starts with the registration of the person
or institution that will carry out the metering and by creating a
new building in the web portal (online April 2007). All infor-
mation on the building and all metering results will be saved
with reference to the building.

Step 2: Auditing the building

Auditing is the starting point for the metering of each build-
ing. It provides the necessary information on type, use, size
etc. to classify and compare the building and the metered data.
The web tool asks for general information on the building like
location, type of use, floor area, energy consumption stated in
bills, operating hours of equipment, etc. Auditors should collect
as much information as possible using the following sources:
owner of the building, facility manager, on-sight analysis, and
publications or any other source.

Auditors should always start with information that can be
received easily. It is usually not effective to spend much time
on single items that are difficult to find out. For many systems
the web-tool offers choices for types of rooms or systems. The
auditor should always select the one that best fits the building
even if it is not a perfect answer.

Step 3: Auditing the systems

The next level of documentation for each building is the audit-
ing of individual systems. The auditor should enter as many
different systems as possible starting with the ones that are typi-
cal for the building and easy to be described such as the light-
ing system in a classroom or the ventilation system of an office
building. The information should be fairly easy be collected by
looking through plans and by on-sight analysis:

¢ Total energy consumption and electricity consumption.
Information on the overall energy consumption of the
building is essential. Usually existing data of annual values
for consumption can be used. In many cases it might be
possible to collect monthly data or even trend data (energy

3. e.g. General Information Leaflet (GIP) 65 (UK), SIA 380/4 (Switzerland), LEE
(Germany), IPMVP — International Measurement and Verification Protocol (USA),
VDI 3807 (Germany)
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supplying companies often have 15-minutes readings of me-
ter consumption and peak demand).

¢ Electricity consumption of building sections. There are
often already metering devices installed in buildings for bill-
ing of building sections like retail stores. They are usually
read by facility managers (monthly or annually). The audi-
tor should try to get this information and describe the part
of the building that is supplied by the metered system.

¢ Lighting. The auditor should try to identify typical rooms
or parts of the building (office room, class room, hotel guest
room, etc.) and describe the room and its lighting system.
Since it is usually difficult to meter the electricity consump-
tion of a lighting system it is important to describe the room
in which it is installed, the way it is operated and used to
estimate the annual hours of usage.

¢ Ventilation and air conditioning systems. The auditor
should try to identify the most important systems and docu-
ment the key aspects as defined in the web tool. In addition
it is important to clarify the way the system is operated es-
pecially the time schedule.

¢ Cooling. The auditor should try to identify the most im-
portant systems and document the key aspects as defined
in the web tool. In addition it is important to clarify the way
the system is operated, i.e. the rooms that are provided with
cooling, the target room temperatures, etc. In many cases
this will be the only information on cooling systems since
metering is difficult.

¢ Pumps. The consumption of pumps depends strongly on
the state of the hydronic system they are part of. Therefore
the type of pump and the system to which it belongs (heat-
ing, cooling, water supply, etc.) should be noted.

¢ Equipment. The web tool offers a list of devices to choose
from. Auditors should pick the device that best fits the differ-
ent types of equipment of the building in typical rooms.*

Additional specific issues refer to installations in special build-
ings, e.g. office buildings (equipment), schools (kitchen, cafete-
ria, etc.), hotels (refrigeration, wellness area), restaurants and
supermarkets (refrigeration), hospitals (laundry).

Step 4: Metering

Different kinds of metering procedures can be carried out:

* use of energy bills

¢ use of energy consumption trends (e.g. 15-minutes values)

* use of other existing data (building management system,
energy reports, etc.)

¢ long-term metering for dynamic systems (at least 9 months
including summer, e.g. cooling)

¢ short-term metering for cyclic systems (at least a day or a
week, e.g. lighting)

4. An overview of metering devices can be found within the REMODECE project
(Residential Monitoring to Decrease Energy Use and Carbon Emissions in Eu-
rope).
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* "spot" metering for constant or "on/off” systems (metering
of momentary loads, e.g. for ventilation)

In addition to metering electricity consumption directly it can
be useful to apply devices that only meter the running hours of
a system. A number of devices exist, e.g. for metering the time
in which a lighting system (light sensor) or a pump (magnetic
sensor) is turned on/off.

The metering strategy should be applied that will provide the
best quality within the time frame and the financial budget of
the auditing procedure. Metering of electricity has to be carried
out by professional electricians.

If possible the weather conditions during the metering pe-
riod should be documented, especially for spot and short term
metering. This includes the general weather conditions while
metering and during the last week before the metering and
specific information such as air temperature, relative humid-
ity, and sun radiation.

Step 5: Calculation of energy consumption

Since it will not be possible in most cases to meter a whole year
in order to record the annual consumption it will be necessary
to meter during a shorter period and calculate the annual con-
sumption afterwards. The following simple ways to calculate
the annual consumption [kWh/a] for rooms or systems can be
used:

1. constant demand [kW] * annual operation hours [h/a]

2. consumption of metered cycle [kWh/cycle] * number of this
cycle per year [t/a]

3. consumption of metered time period [kWh/t] * number of
this time period per year [t/a]

Option 1 should be used for constant systems with constant de-
mand that are either turned on or off (spot metering). Option
2 should be used for cyclic and option 3 for dynamic systems.
The auditor has to make sure that the metering period cov-
ers at least one whole cycle (for example one week). Dynamic
systems should be metered either at different times (weather
conditions) or continuously for a period of 6 month or more.

Step 6: Database input

All information can be entered in the web portal. Photos and
additional documents like energy bills, hand written notes, etc.
can be uploaded. Information on buildings, rooms, systems,
and metering results is stored in a database that allows an analy-
sis on different levels. Therefore it is possible to compare whole
buildings as well as the efficiency of lighting in a room as well
as the state of the art of single devices. That makes the meth-
odology powerful even if only selected information is gathered
for individual buildings. The web-portal offers a top-down ap-
proach for energy analysis with easy to use applications that
will allow many different persons to carry out an energy audit
in their building in an effective and efficient way.

Further perspectives

The collection and analysis of data on electricity consumption
per end-use in European countries showed that there still are
considerable gaps and difficulties for an international compari-
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son. There are several projects within the Intelligent Energy
Europe programme just completed or still ongoing which pro-
vide additional data.® Their results will be included in the EL-
TERTIARY database and the overview on methodologies used.
The quantitative documentation and the qualitative descrip-
tions of available studies in a standardised format are available
for the public and will help other researchers and actors to re-
ceive a deeper insight into electricity consumption in tertiary
buildings. The results produced by projects, such as the current
one, should be widely disseminated to be used as guideline for
fieldwork results, as guidance to experts doing studies, and to
statistics personnel collecting and exploiting results of such
studies. Wide dissemination will help in improving accuracy
and coherence of results of forthcoming work.

The audit methodology developed in the project is a practical
guideline for building managers as well as energy consultants,
energy service companies (ESCOs), energy agencies, associa-
tions of end-user target groups (industrial associations, munic-
ipal networks, etc.), and equipment manufacturers, importers,
distributors and vendors. The results of the case studies in 100
tertiary buildings are stored in a database which will be avail-
able for the public.

The disaggregation of end-uses and benchmarking are im-
portant outcomes of the project. The owners and managers of
buildings have to disaggregate the electricity demand to make
proper decisions and the public policy makers have to under-
stand the size of each segment of energy use to tailor the actions
to the potentials. This will be possible thanks to the reliable
database of electricity consumption in types of buildings in the
tertiary sector and with the help of harmonised methodologies
tested in a sufficient number and variety of buildings.

References

Adnot, J. et al.: Energy Efficiency and Certification of Central
Air Conditioners (EECCAC). Final Report, Vol. 2. Paris:
Armines 2003.

de Groot, H.L.E, Verhoef, E.T., Nijkamp, P.: Energy savings
by firms: decision-making, barriers and policies. Energy
Economics 23, (2001), 717-740.

DeCanio, S. J.: The efficiency paradox: bureaucratic and
organisational barriers to profitable energy saving invest-
ments. Energy Policy 26 (1998), 441-454.

EU-DG TREN (ed.): European Energy and Transport Trends
to 2050. Luxemburg 2003.

Jochem; E. & E. Gruber: Local learning networks — an effec-
tive instrument to reduce transaction costs for decisions
to invest in efficient motor systems. EEMODS 2005.
Heidelberg 2005.

Jochem; E. & E. Gruber: Obstacles to rational electricity use
and measures to alleviate them. Energy Policy 18 (1990),
340-350.

Schleich, J. & E. Gruber: Beyond case studies: Barriers to
energy efficiency in commerce and the services sector.

5. e.g. ,Intelligent Metering” (www.intelmeter.com), GREENEFFECT (www.greenef-
fect.org), ENERinTown (www.enerintown.com), Energy Efficiency and Certification
of Central Air Conditioners (EECCAC), Field Benchmarking and Market Develop-
ment for Audit Methods in Air Conditioning (AUDIAC).



PANEL 6. PRODUCTS AND APPLIANCES

Energy Economics. Forthcoming 2007. (Available online
14 September 2006)

Sorrell, S., O’Malley, E., Schleich, J., Scott, S.: The Economics
of Energy Efficiency Barriers to Cost-Effective Invest-
ment. Edward Elgar, Cheltenham 2004.

Weber, L.: Energy-relevant decisions in organisations within
office buildings. In: Proceedings of the 2000 ACEEE
Summer Study, 8.421-33. Washington, D.C.: American
Council for an Energy-Efficient Economy. 2000.

6,178 GRUBER ET AL

ECEEE 2007 SUMMER STUDY e SAVING ENERGY - JUST DO IT!

1189




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


