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Abstract

Ex-ante evaluation is important to effectively design policy
measures. The paper addresses the electricity demand of the
tertiary sector in Europe which is one of most strongly grow-
ing. On the EU-level, a number of policies are implemented to
improve energy efficiency also in the tertiary sector. Among
such measures are the recently adopted Energy Efficiency Di-
rective, the Ecodesign Directive (EDD) and the Energy Per-
formance of Buildings Directive (EPBD).

In this paper, we aim to analyse the impact of such and ad-
ditional policies using comparative scenario analysis. Different
scenarios are characterized by different levels of policy meas-
ures and programmes. Being one of the most important policy
options for electricity demand, we will particularly focus on
the EDD and its impact. For the scenario analysis, we use the
techno-economic bottom-up model FORECAST. The model
differentiates between 29 countries, 8 sub-sectors and 15 build-
ing and user related energy-services such as lighting in build-
ings, street lighting, electric heating, ventilation and cooling,
refrigeration, cooking, laundry, ICT devices and data centres
with servers. Electricity demand is obtained through physical
drivers and specific energy consumption indicators. The latter
consist of technical information such as installed power, en-
ergy demand per unit of driver, and utilisation rates such as full
load hours. Energy-efficiency measures aim at reducing both
installed power and utilization rates and cover technologies
and practices. As the model also considers growing drivers it
allows developing a comprehensive picture of the net electric-

ity demand development. Among such drivers is the number
of employees or the floor area, or more specific energy serv-
ice drivers such as equipment or diffusion rates (e.g. share of
cooled floor area, no. of computers per employee).

Results show that electricity demand in the EU tertiary sector
will continue to grow in the coming years. However, the policies
currently implemented and foreseen for implementation will
mitigate this effect to a large extent and demand tends to sta-
bilize in the long term, particularly if the EDD is consequently
implemented and enforced based on the least lifecycle cost ap-
proach and if it is accompanied by additional soft policies to
address energy-efficiency measures (EEMs), such as system op-
timization or behavioural measures. Moreover energy services
not covered by the EDD should be included in the future.

Introduction

Between 1990 and 2010 electricity demand of the tertiary sec-
tor in the EU27 has been increasing by about 93 %. As com-
pared to the other sectors the tertiary sector shows the most
dynamic development over these past twenty years (Figure 1).
For comparison, total EU27 electricity demand increased by
“only” 32 % over the same period. With a demand of 834 TWh
in 2010, the tertiary sector has reached the same level of elec-
tricity demand as the residential sector and even demand in the
industry sector is only 20 % higher. These figures reflect a grow-
ing relevance of the tertiary sector, which has increased from a
share of 20 % of electricity demand in 1990 to a share of 29 % in
2010, mainly at the cost of the industry sector, which depicts a
decreasing share. A strongly rising demand in the tertiary sec-
tor cannot only be observed for the EU27 as a whole, but also
for all individual member states. Here, Denmark, Sweden, UK,
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Figure 1. Development of electricity demand by sector in the EU27 as an index (1990=1) (Source: Eurostat).

Austria and Latvia exhibit the lowest growth ranging between
26 % and 37 %, whereas countries such as Czech Republic, Ire-
land, Portugal, Slovakia, Slovenia and Spain show a growth of
more than 200 % over the time period from 1990 to 2010.

Asitis expected that electricity demand of the tertiary sector
will continue to be increasing in the future, policy measures to
curb demand are becoming more and more relevant for this
sector. A number of policies are already implemented, many
of which are driven by EU legislation. Although, these policies
are mostly not directly addressing the tertiary sector, they cover
parts of it. The recently adopted EU Energy Efficiency Direc-
tive (Directive 2012/27/EU) — and to a certain extend also its
predecessor, the Energy Service Directive (Directive 2006/32/
EC) - requires member states among others to support energy
audits for SMEs and to set energy-efficiency standards for pub-
lic procurement rules. Many of the SMEs are allocated to the
tertiary sector. Such policies are mostly based on incentives and
provision of information. As such they might be summarized
under the term soft policies - opposed to technical codes and
standards. Such a set of regulative policy measures is currently
being implemented in the frame of the EU Ecodesign Direc-
tive (Directive 2009/125/EC) (EDD), which provides a frame
to adopt minimum energy performance standards (MEPS)
for energy-using as well as energy-related products. MEPS
(or alternative measures) are defined by product type and im-
plemented via individual so called implementing measures,
mostly regulations. The EDD is expected to have a substan-
tial impact on energy demand and for many products MEPS
were already adopted in form of a regulation in recent years, of
which several are relevant for the tertiary sector. Among those
are the product groups office, domestic and street lighting, elec-
tric motors, circulators and fans.

Thus, knowledge about the potential impact of energy-effi-
ciency policies to mitigate electricity demand of the tertiary
sector is crucial. Most studies assessing policy measures are fo-
cusing on single countries and for relatively new policies such
as the EDD, only few impact assessments are available so far.
One of the most comprehensive assessments of the impact of
the EDD on the EU tertiary sector is conducted by Bertoldi
and Atanasiu (2011). They calculate EU-wide savings per im-
plementing measure based on a combination of a survey used
to estimate electricity demand by end-use and a review of im-
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plementing measures and preparatory studies. The calculated
saving potentials, however, are based on the diverse methodo-
logical approaches from the individual preparatory studies and
they do not take the dynamic development of the tertiary sector
into account - at least not systematically.

Here, we aim to suggest another approach. We use a bottom-
up model for the ex-ante assessment of the impact of energy-
efficiency policies on the EU tertiary sector. We aim to consider
EU-wide policies such as the EDD, but also the mix of soft poli-
cies such as energy audits, labelling and information programs.

The paper is organized as follows. We begin with a descrip-
tion of the methodology and the modelling approach in the
following chapter, before we describe the definition of the sce-
narios calculated. Finally, we present and discuss the results
and conclude.

Methodology
We use the model FORECAST-Tertiary to assess the policy
impact. The model has been developed and extended in recent
years in a number of studies. Jakob et al. (2012) extended the
static bottom-up model of Fleiter et al. (2010) to present the
coherent bottom-up model FORECAST-Tertiary which allows
for simulating the electricity demand of the tertiary sector of
the EU27+2 up to 2035 by country, by 8 sub-sectors, and by
14 end uses including lighting, electric heating, ventilation and
cooling, refrigeration, cooking, data centres with servers and
others. With this model the impact of novel technologies and
other EEMs (e.g. organizational measures) as elements of en-
ergy efficiency policies can be estimated, particularly by com-
paring different scenarios. FORECAST-Tertiary is based on the
concept of energy-efficiency measures (EEMs), which repre-
sent individual options that improve energy efficiency when
diffusing through the equipment stock. Examples are fluores-
cent lamps, reduction of stand-by losses or changed user be-
haviour. Consequently, policies are modelled by adjusting the
dynamics and the level of diffusion of such EEMs, depending
on general and technology specific economic parameters.
Basically the model adopts a bottom-up methodology which
consists of a “sum product” of global drivers such as the number
of employees or floor area, specific energy service drivers (spe-
cific equipment or diffusion rates, e.g. share of cooled floor
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area, number of computers per employee) and specific energy
consumption indicators. The latter consist of technical data on
the end-uses such as installed power per unit of driver. Energy
services and their techno-economic description represent a key
element of the modelling approach. We consider the EDD in the
model by relating the product groups of the EDD to individu-
al EEMs as defined in the model. In this section, we describe
the calculation of saving potentials, the technology structure
and definition and finally focus on the relation to the product
groups. For a more detailed description of the modelling ap-
proach we refer to Fleiter et al. (2010) and Jakob et al. (2012).

This approach brings a number of advantages. Techno-
economic data from the EDD preparatory studies (and other
sources) can be used to estimate model parameters. Thus, our
assumptions are in line with the preparatory studies, but the
method used is similar for all products and ensures good com-
parability. The model considers the dynamic development of
the key drivers of this sector’s energy demand, which are the
number of employees, the floor area, energy prices as well as
product specific drivers such as the number of computers per
employee in a particular sub-sector. Thus, our approach does
not only calculate energy savings per product group, it also puts
them into the broader frame of the tertiary sector and its dy-
namics of energy demand. And, finally, the impact of policies
modelled can be broken down to individual countries, sub-
sectors or energy services.

SECTOR DEFINITION

The tertiary sector, also referred to as the service or commercial
sector, covers all the economic sectors not part of the primary
economic sector (agriculture, forestry, fishery etc.) or the sec-
ondary economic sector (industry). Hence, the tertiary sector
comprises the NACE sub-sectors G to S (NACE rev. 2.0). We
differentiate between Trade (G), Hotel and restaurant (), Traf-
fic and data transmission (H, J), Finance (K), Health (Q), Edu-
cation (P), Public administration (O), Other services (L, M, N,
R, S), see Table 1 in Fleiter et al. (2010). Electricity demand of
the tertiary sector includes both, building-related energy use
of these sub-sectors and other energy use such as street light-
ing, ventilation of tunnels, public transport infrastructure and
others. An exception is the sub-sector “Traffic and data trans-
mission,” where the transportation energy for trains, subways,
trams etc. is — as is usual in energy economic analysis — not
accounted for in the tertiary sector, but in the transportation
sector.

CALCULATION APPROACH

Electricity demand of a given year is determined as the prod-
uct of the specific energy demand per unit of driver (e.g.
number of computers, floor area cooled / ventilated, etc.)
multiplied by the quantity of the given driver. The driver is
further decomposed down into an energy service driver D
(e.g. computers per employee, share of floor area ventilated/
cooled, etc.) and a global driver G (e.g. floor area or employ-
ees). The specific electricity demand is calculated as the prod-
uct of installed (full load) power P and the annual utilisa-
tion rate U (annual full load hour equivalent). A schematic
representation of the model structure is given in Jakob et al.
(2012). As is usually the case in bottom-up simulation models
its dynamics is driven by time dependent input variables. In
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the case of FORECAST-Tertiary, dynamics is implemented by
three sets of variables:

1. The dynamics of the global quantity structure G depends on
general economic structural changes (number of employees
by sub-sector) and on specific indicators (e.g. floor area per
employee).

2. The dynamics of the energy service drivers D such as the
diffusion of cooled floor area is modeled by diffusion curves
whose parameters depend on the past development, the sec-
tor and the energy service considered.

3. Specific energy demand varies over time due to the diffu-
sion of new technologies and/or energy-efliciency options
(EEMs). The dynamics of the specific energy demand is
modeled by constant initial starting values from which the
relative impact of EEMs, are subtracted. EEMs may reduce
either the installed power, the utilisation rate, or both. This
allows for a more realistic consideration of the Ecodesign
Directive’s implementing measures (which often only ad-
dress the installed power) and of other EEM (e.g. opera-
tional measures). EEMs diffuse into the building stock and
the economic sub-sectors according to specific diffusion
rates DR.

Thus, the modelling approach is formally described by the fol-
lowing equation:

! k x
T = z z GC,S,t ) DC,S,E,t ) PC,S,E ) H (- DRC,S,E,EEM,t

C=1 §=1 E=1 EEM=1

- R C,S,E,EEM) : UC,S,E ’ H (1-D RC,S,E,EEM,t ’ UC,S,E,EEM)

EEM=1

With

T total bottom-up electricity demand of the terti-
ary sector [kWh]

G global driver [# of employee, m?]

CsE energy service driver [unit depends on energy
service]
sk utilisation rate (annual full load hours) [h/a]

Pos installed power per unit of driver [W/unit of
driver]

APy relative reduction of installed power by energy-
efficiency option EEO [%]

AU, ey Telative reduction of utilisation rate by energy-
efficiency option EEO [%]

DR .y, Diffusion rate [% of energy service driver]

Indices:

C country,n =29

S sub-sector, 1 = 8

E energy service, k=13

EEM energy-efficiency option, x=1 to 3

ENERGY SERVICE DRIVER AND TECHNOLOGY DATA

Several energy services are defined for each of the sub-sectors
representing distinct appliances as well as building-related and
other technologies. Most energy service drivers (D) are related
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to both a global driver G and energy service driver D, some of
them, (such as street lighting or cooking), are only related to an
energy service driver D (see Table 2 in Fleiter et al. (2010) for
all the energy services considered in the model). These energy
drivers represent a diffusion curve, penetration or ownership
rate of the respective technology in each of the sub-sectors and
each country. Energy service drivers vary over time, depending
by the type of energy service driver and/or by country.

Typical examples of energy service drivers (D) are for exam-
ple the share of ventilated floor area and/or with space cool-
ing, the number and type of information and communication
(ICT) devices per employee (e.g. personal computers) (see
Fleiter et al. 2010 for details). Each energy service in each sec-
tor is characterized by a specific energy demand. These specific
demand values are the product of the installed power P of a
technology and its utilisation in full-load hours per year, U.
These values are explicitly differentiated between sub-sectors,
countries and, whenever possible, implicitly between new and
existing buildings and between already installed systems and
those that are retrofitted. Based on the calculation scheme, the
total bottom-up energy demand for the tertiary sector T can
be calculated and differentiated by either sub-sector or energy
service.

ADJUSTING MODEL PARAMETERS AND MODEL VALIDATION

The individual energy services are mostly calibrated to data
from the EDD preparatory studies. Beyond this, detailed sta-
tistical information about electricity demand in the tertiary is
scarce, particularly for individual energy services (Bertoldi and
Atanasiu 2011). On a European level electricity demand is only
available for the tertiary sector as a whole from Eurostat and
only a few studies have assessed the shares of different end-
uses; these show differing results together with a high degree
of uncertainty (Bertoldi et al. (2009), Bertoldi et al. (2006), De
Almeida et al. (2006). Studies on a national level are often not
comparable due to different definitions and system boundaries
(Schlomann et al. 2008, Abreu et al. 2007). Still, wherever pos-
sible, we have considered the various sources available.

In total, the sum of the bottom-up electricity demand per
country shows a good match to the Eurostat energy balances.
All larger countries are within a range of +10 % and only a
few smaller countries are overestimated (Romania) or under-
estimated (Norway and Sweden) (Fleiter et al. (2010). For a
bottom-up model this is a very good match, even more when
considering the low availability of empirical data.

SIMULATION OF THE ECODESIGN DIRECTIVE (EDD)

Challenges

The simulation of the EDD in a bottom-up model faces a
number of advantages (see above), but also a number of chal-
lenges.

First, the product groups are unequally advanced in the
process towards implementing measures (see Table 1). At the
time of this study (end 0f2012) 8 product groups were finalized
resulting in implementing measures, which state very precisely
how the product group will be regulated. For additional 9 prod-
uct groups the preparatory study was finished, which provides
techno-economic information on the products as well as a pro-
posal for a future regulation via an implementing measure. For
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the remaining six product groups the preparatory study is still
in progress and information is very scarce.

Second, the number of product groups covered under the
EDD is growing continuously and the products addressed be-
come more and more heterogeneous. Such niches are often not
covered by bottom-up models, as they typically focus on the
most relevant energy services.

Third, while the design of the current implementing meas-
ures is known, the measures will probably be updated over the
modelling time period (which in this case goes up to 2035).
This imposes a considerable uncertainty on the modelling, as
technologies and products change dynamically over time and
might require new or adapted regulation.

Fourth, the definition and scope of the product groups are
often more specific (e.g. certain power ranges) than the defini-
tion of energy services in a bottom-up model.

In order to simulate the impact of the EDD, the following
steps are considered:

1. Allocation of product groups/implementing measures to
energy services in the model.

2. Integration of standards based on implementing measures
or preparatory studies into the model in the form of EEMs.

3. Definition of scenarios and baseline.

Allocation of product groups to energy services

An overview of the product groups considered is given in Ta-
ble 1. For most product groups, preparatory studies are avail-
able, which are a good source for techno-economic data and
model calibration. The table also shows the allocation of en-
ergy services and product groups. Some of the product groups
have a narrower scope than the energy services in the model
have, while others match very well with the energy services
(e.g. refrigeration, street lighting). Thus, in the former case,
several product groups are allocated to one energy service. For
example, the three product groups for office lighting, domestic
lighting for directional and non-directional lamps do all refer
to the energy service lighting, but differ by type of technology
used. Thus, in the model we consider them within one bundled
energy service named “lighting”

Product groups of the EDD lots cover about 80 % of the elec-
tricity demand of the tertiary sector — based on the modelled
bottom-up demand per energy service (Table 1). Note however
that this does not imply that the EDD covers 80 % of the po-
tential measures or of the existing energy-efficiency potentials.

Integration of standards based on implementing measures or
preparatory studies into the model in the form of EEMs
Every preparatory study mentioned in Table 1 describes many
possible saving options for many different use types (e.g. of-
fice lamps, directional lamps, etc.). For these saving options the
preparatory studies specify whether the saving is addressing
the installed power, the operating or full load hours, or both.
Moreover initial investment costs or add-on costs, operating
costs and the lifetime of the saving measures are included.
Referring to the standards based on implementing measures
or following the EuP’s recommendation about the applicable
options, we selected and aggregated most of the EuP’s saving
options into more aggregated bundles of saving options. Then



7-475-13 JAKOB ET AL

7. MONITORING AND EVALUATION

'sJ03e/n2410 pue sdwnd

‘O pue uoljejiuan ‘uoljesaslijal ae asoyl Suowy ‘ASiaus [ealueydaLW UO paseq ale jey] sadiries ASiaug/seoueldde jje ur pajeidajul aie Asay) peajsul ‘92iAI8s ASIaua JoulSIP Se pajepow JouU aJe SI0J0W 211309]7

%C8 89 [eiol
‘e'u ‘eru ‘e'u Apu9|3 ou 1uswdinba SuiSew [ea1palA YINT
%T 4y Apuned JSTRIVERETE] S9A Jaysemysip pue siaAip ‘sauiyoew sulysem *Joid ¢ 107
%G Sy A1pLI3|3 /s|and ou S||1J8 pue sqoy |e1oJaWW0d pue d13sawo( £¢ 107
8upjood Apua|g /s|end ou SUIAO [B[2J3WWO0I PUB J13saWoq 7z 107
%0T 08 Apu9|3 S9A 1uswdinba 8uizaauy pue Sullesad1uyay T 107 ¥YINI
uoiesadyay
ApuPs3 saA SJ9Z33J4 pue $103et931443J [BIDISWWOD 7T 107
%CT 00T JSTRINSSETE! ou MVIZT < swalsAs uolle|1luaA pue D 9 307 YIN3
JV pue uone|iusA
Apupa|3 €T0CT'T sah sueq 1T 107
%S Sv saliel|ixne uleaH Apupas|3 €I0CTT sah S103e|ndJd1) 1T 107
‘e e | SEAEN JSTRINERETE! TT0C991 sah (M>00T - MSZ0) S1030W 21433 TT 307
%Y 1€ 192435 unysn JSTRINSRETE! 0TOT V€T sah 8u11ys1 192115 6 107
%8T Apu9|3 S9A Sdwe| jeuonpauip,, || Wed Sunysi|onsawoq 6T 107
LET sunysn Apupas|3 600C°6'T saA »sdwe| jeuoaiip-uou, | Hed Suiysi|oizsawoq 6T 307
Apupas|3 0TOC'V'ET sah 8unysi| 9140 8101
%C 0c JSTRITECETE] S9A j1uswdinba 8ui8ew pue punos € 107 ¥YIN3J
Apu9|3 0TOZ VLT S9A saljddns samod |eutaixa pue siadieyd Aianeg / 107
921440 1| Aou9|3 saA $3550| Agpuels payJomiaN 97 107
ApuP93 0T0Z'T'L saA $9550| apowl-}40 pue Aqpueis 9107
Aou9|3 S9A sJoliuowlsandwo) pue (sdoyde] pue sdopisaq) Jd € 107
%8 €9 191eM 10H A1pu3|3 /s|and saA Si91eay J31eM\ T 107
A3 /s|end ou (paseq 4ie-10y) synpoud Suljeay [esiua) Tz 107
%9 8 Sunesayoupa|l A3 /sjend ou sjonpoud Suilesay wood (820707 107
Apua|g /s|end saA $43|10qIqW0D pue sia|log T 107
[umi] (wouy paysiuy
10109s 0T0Z Ul 103235 Aerual INIBS passaippe 22404 ul) Apnis dnou8 onpoud
Ae1a) Jo aseys sy ul puewap AP A813ud ul pajapolA [1914ed AS1aud uley| uonensay | Alojesedaid

*(1SY23404 Aq pajjapow se 1032as K1ei}4a} 8y} ul puewap A}1914399]3) [apow ay} ul papn|aul sadiaIas A31aua 0} uolje|as pue sdnoid jonpoud ugisapoad Jo MaIAIBAQ °T d|qel

ECEEE SUMMER STUDY PROCEEDINGS 2129



7-475-13 JAKOB ET AL

taking into account structural differences across the different
sub-sectors and countries and other data sources and studies
(e.g. Jakob et al. 2010, Schade et al. 2009, Jakob et al. 2006a,
b), we built a consistent model data base of techno-economic
data and diffusion curves for each of EEM, differentiating by
energy service, by sector and by country. Techno-economic
data include the saving potential regarding the installed power,
the saving potential regarding the utilisation rates (full load
hours), operating costs, initial investment costs and EEM life-
time. Two potential diffusion curves that are consistent to these
techno-economic data are associated to each of these EEMs: an
autonomous diffusion curve and a maximum diffusion curve.
Depending on the cost-effectiveness of the EEM (which in
term depends on scenario parameters such as discount rates
and energy prices) the model selects whether a certain EEM
is tapped up to either of the two diffusion curves (or to a level
in between).

Scenario definition

We apply scenario analysis and calculate alternative future
developments for the electricity demand of the tertiary sector
and the impact of the EDD. All scenarios entail a similar de-
velopment for the activity related drivers like the number of
employees, the floor area or the energy-service related drivers
like the number of computers per employee. The only param-
eter changed across scenarios is the diffusion rate of EEMs. An
increased diffusion implies a higher saving potential and results
in lower electricity demand. Consequently, the scenarios allow
concluding on the electricity saving potential available to poli-
cies that aim to accelerate the diffusion of EEMs. We calculate
the following scenarios (in ascending order with regard to dif-
fusion speed).

e Frozen efficiency scenario: in the frozen efficiency sce-
nario there is no further diffusion of EEMs and thus also
the specific energy consumption remains on the base year
level. This scenario is calculated for purposes of comparison
and shows the development of electricity demand if only the
scenario drivers change.

e Autonomous diffusion scenario: The autonomous diffu-
sion is an exogenous parameter set, which extrapolates the
past diffusion rate of EEMs. It captures the effect that, due
to manifold barriers, even cost-effective EEMs are often not
adopted by firms. Referring to the framework of Sorrell et
al. (2004) and to the empirical work of Gruber and Brand
(1991), Gillingham et al. (2009), Schleich (2004), Schleich
(2009) and Farsi (2010) who identified barriers such as lim-
ited access to capital, split incentives between landlords and
tenants, failure to recover undepreciated investments on the
real-estate market, risk consideration, and behavioural fail-
ures (for a recent overview see Fleiter et al. 2012). However,
the autonomous diffusion scenario represents a minimum
diffusion level regardless of the cost-effectiveness of the
EEM. This assumption shall cover the enormous heterogene-
ity in the tertiary sector and the fact that the turnover of capi-
tal stock mostly implies a certain energy-efficiency progress.

¢ Least life-cycle cost (LLCC-35) scenario: Here, we assume
that a set of information and incentive based policies, con-
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sisting for instance of energy-labelling, energy audits and
information campaigns, is implemented. These policies
improve the capability of firms to identify, assess and im-
plement EEMs. However, even if a policy framework is in
place to accelerate the diffusion of EEMs, it is reasonable
to assume that not all cost-effective EEMs will be realized.
Furthermore, if ever economic calculus is done, companies
often are adopting EEMs with quite short payback periods,
typically two to five years, although economic lifetimes of
typical EEMs are rather eight to fifteen years. Such decision
behaviour is equivalent to a framework of internal rates of
return of twenty to ninety percent or more. Hence, simi-
larly to the concept of Decanio and Laitner (1997) we intro-
duce the concept of implicit discount rate in our modelling.
EEMs are diffused into the stock of building and companies
depending on the cost-effectiveness calculus based on im-
plicit discount rates which implicitly include remaining bar-
riers and risk awareness of investors, building owners, and
end users. Referring to findings of Hausman (1979), Hou-
ston (1983), and the overview given in Decanio and Laitner
(1997) we assume an implicit discount rate of 35 %.

e Least life-cycle cost (LLCC-5) scenario: This scenario
assumes that all cost-effective EEMs diffuse through the
capital stock. We assess cost-effectiveness on the basis of a
classical life cycle cost calculation using an engineering-type
discount rate of 5 %, which implicitly assumes that all bar-
riers to the diffusion of EEMs are overcome and adopters
have perfect information and act rationally on the basis of
cost-effectiveness.

¢ Least life-cycle cost (LLCC-5/35) scenario: This scenario
represents a combination of the two previous scenarios.
Adoption based on least lifecycle cost (discount rate of 5 %)
is assumed for all EEMs addressed by a particular lot of the
EDD, while for the remaining EEMs a higher discount rate
of 35 % is assumed. Of all scenarios considered this scenario
represents most closely the potential impact of the EDD, as
the implementing measures of the EDD are also selected
on a least lifecycle cost calculation. As most implementing
measures are defined as MEPS, diffusion of related EEMs
no longer depends on the investment choice of consumers
and firms, but only on the turnover of the capital stock of
the related equipment. Although, certainly not the entire
mix of current (soft) policies can be explicitly considered
in the model, this is the scenario that comes closest to the
current EU policy mix addressing energy-efficiency in the
tertiary sector.

e Technical diffusion scenario: in this scenario the diffusion
rate is exogenous input to the model and does not consider
restrictions on the cost-effectiveness of the EEMs and even
expensive EEMs diffuse through the capital stock. Still, also
the technical diffusion does not imply an “unrealistic” devel-
opment. We assume that the regular turnover rate of capital
stock is not affected, which ultimately limits the diffusion
of EEMs, particularly if they replace long-living equipment.

The relation of diffusion paths and related energy-saving po-
tentials are shown in Figure 2. The changes in the diffusion
paths across scenarios result in different types of energy saving
potentials (ceteris paribus).
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Thus, the effect of the EDD can be calculated as the differ-
ence between the LLCC-5/35 scenario and the LLCC-35 sce-
nario. As outlined in the foregoing section, not all EEMs in-
cluded in the model are subject to the EDD and its (potential)
implementing measures. Many EEMs in the model represent
elements of system optimization, are based on behavioural
changes or tend to be more ambitious than the MEPS result-
ing from the ecodesign process. Consequently, to calculate the
impact of the EDD, only a selection of EEMs is considered. For
comparison, we calculate additional scenarios like the LLCC-5
scenario and the technical diffusion scenario.

Description of the data

PROJECTION OF GLOBAL DRIVERS: NUMBER OF EMPLOYEES AND FLOOR
AREA

As outlined above, most of the energy services are linked to a
physical driver G. In most cases this is either the number of em-
ployees or the floor area differentiated by sub-sector. All these
drivers are derived from exogenous sources (e.g. past trends
and macro-economic forecasts) and are specific to some of the
sub-sectors.

The number of employees is taken from the past employment
figures by sub-sectors and countries (1990 to 2009) contained
in the Eurostat database (see Table 2). The quality and com-
pleteness of this data set differs considerably between countries.
Missing data of 2010 was estimated based on figures of previous
years. Floor area is calculated by the number of employees and
the indicator floor area per employee. Indicators were derived
from the Odyssee database for the countries Denmark, France,
Germany, Sweden, UK, and Norway. The indicators are differ-
entiated between countries and between most sub-sectors. For
the sub-sectors public administration, traffic and data trans-
mission and other services, they are assumed to be the same.

LLCC-5

LLCC-35

Autonomous
Diffusion

Frozen
Efficiency

Historic
development

Diffusion of energy-efficienttechnologies
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Where data was not available for the start year of the model
(2010), it was derived from past trends. The occupied floor area
per employee changes over time, differently by country. The in-
dicators are partly based on Jochem et al. (2007), Jochem et al.
(2008), partly on the ODYSSEE data base, on various country-
specific sources, and on own assumptions. Some other drivers
are specific to some of the sectors (e.g. number of guests in the
hotel sector).

The future development of the number of employee was
derived from econometric estimation and ad hoc regression
models based on GDP, gross value added and population pro-
jections from various sources.

ASSUMPTIONS ON THE DEVELOPMENT OF ELECTRICITY PRICES
Assumptions on the future development of electricity prices
represent one of the key scenario parameters and most impor-
tant drivers, as they determine the cost-effectiveness of EEMs.
2010 electricity prices are taken from Eurostat. Projections
assume a constant but in total very moderate increase in the
range of 9 to 21% across all countries. The distribution of elec-
tricity prices across EU member states is maintained in 2010 is
also more or less maintained in 2035 (see Figure 3).

Results

The results are analyzed in three steps. We begin with the ag-
gregated electricity demand for the EU27, before we show the
effect on individual energy services and finally look at differ-
ences that emerge between countries.

In the rather hypothetical frozen efficiency scenario which
includes no energy-efficiency improvements electricity de-
mand of the tertiary sector would increase by about 50 % up
to 2035 (Figure 4). This increase is explained both by an in-
crease of fundamental drivers (number of employee and floor
area, see Table 2) and by a further diffusion of energy services

Least lifecycle
cost potential

Softpolicies
potential

Autonomous
potential

Baseyear

time

Figure 2. Definition of technology diffusion paths and energy saving potentials.
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Table 2. Employees and floor area per sub-sector in the EU27.

7. MONITORING AND EVALUATION

Education Finance Health Hotels, Other Public| Trafficand | Wholesale Total

cafes, services offices data| and retail

restaurants transmission trade
Employees 2000 [1000] 13,368 6,183 17,431 7,459 24,070 14,397 12,449 28,858 124,214
Employees 2010 [1000] 15,609 6,595 22,030 9,540 33,446 15,876 13,696 32,228 149,022
Employees 2020 [1000] 16,013 7,051 24,296 10,167 37,936 17,114 14,640 34,417 161,634
Employees 2035 [1000] 15,674 7,222 26,441 10,879 40,106 17,038 14,994 35,063 167,418
Floor area 2000 [1000 m?] 845,299 148,993 410,042 324,671 899,784 533,385 449,788 1492,733 5104,696
Floor area 2010 [1000 m?] 987,994 160,071 526,573 410,093 1245,213 587,568 496,394 1661,160 6075,066
Floor area 2020 [1000 mz] 1044,259 180,970 616,578 455,977 1494,432 666,131 566,217 1844,334 6868,896
Floor area 2035 [1000 mz] 1097,953 210,626 762,718 530,297 1778,523 742,560 666,065 2041,230 7829,972

Source: Eurostat, Odyssee, own calculations.

H2010 W2035

Figure 3. Assumption on electricity prices in 2010 and 2035 (source: Eurostat and own assumptions).

such as ventilation and cooling, ICT services and many more.
However, it is more reasonable to assume that at least some
EEMs will be diffused, even if there were no policy measures
implemented. Such an autonomous diffusion is explained by
structural and turnover of equipment stock effects (new appli-
ances and building technology usually is more efficient than
existing ones) and by some efficiency activities of the actors in
the tertiary sector, albeit on a low level. Nevertheless, as com-
pared to frozen efficiency the demand increase is significantly
attenuated to roughly one third (36 %). This result underlines
the high relevance of energy-efficiency already in a scenario
without policy incentives.

The following three scenarios are all based on economic
investment calculus and differ in the (implicit) discount rate
assumed.

The impact of the EDD is captured by the scenario LLCC-
5/35, in which electricity demand almost stabilizes from 2020
onwards on a level of 874 TWh, which is 5 % higher than de-
mand in 2010. Compared to the autonomous diffusion sce-
nario, the scenario shows a saving potential of about 261 TWh
in 2035, assuming that all EEMs addressed by the EDD will
diffuse according to their least lifecycle cost (discount rate 5 %)
and the remaining EEMs are addressed by other (soft) poli-
cies. To calculate the impact of the EDD, however, the autono-
mous diffusion scenario is not a suitable baseline, because the
EDD is only one element in the current policy mix. Instead,
the remaining policy mix without EDD should represent the
baseline, which is captured by the LLCC-35 scenario (see Fig-
ure 2). Accordingly, the calculated savings of the EDD equal
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about 100 TWh in 2035, or about 9 % of the demand in the
autonomous diffusion scenario.

This saving potential, however, is subject to a number of
uncertainties. It is an unanswered question how strict the en-
forcement and monitoring and the resulting compliance of e.g.
appliance manufacturers and retail firms will be and how close
the implementation of standards follows the least life-cycle cost
approach. Further, the baseline, the LLCC-35 scenario, implies
a high level of uncertainty. Simulation of firm behaviour, poli-
cies and barriers using an implicit discount rate is always a rela-
tively rough approach (see Fleiter et al. 2011) and the quantifi-
cation of the discount rate used lacks empirical data.

The scenario used as baseline (LLCC-35) assumes that a
comprehensive mix of soft policies will overcome most of the
information and motivation related barriers. In this scenario,
demand increases by about 17 %, which is equal to 980 TWh in
2035. The difference to the autonomous diffusion scenario of
157 TWh is apparent and would certainly require a very com-
prehensive set of (soft) policies like energy audits and energy
management systems.

While this saving potential in the LLCC-5/35 scenario al-
ready is substantial, it does not exploit the full potential, as
many EEMs are not covered by the EDD, such as system op-
timization, control measures or operational and behavioural
measures. Assuming that other policies would be successful
resulting in a least life-cycle cost diffusion of such EEMs as
well, the scenario LLCC-5 shows the potential impact. Here,
demand falls by an additional 50 TWh until 2035 compared to
the scenario LLCC-5/35. However, compared to the year 2010,
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demand is only about 1 % lower in 2035, mainly because in
the short term demand is still increasing until it peaks between
2015 and 2020. Compared to the current EU policy mix, such a
scenario can certainly be regarded as rather optimistic.

Finally, the technical diffusion scenario describes the mini-
mum demand that would be achieved by full adoption of EEMs
considered in the model without taking costs into account.
Such a scenario would exploit additional 140 TWh of electricity
savings by 2035 compared to the LLCC-5 scenario. Note that
the costs of exploiting this additional potential could still be
lower than support for renewable energies on the energy supply
side or that higher energy prices could render at least parts of
this potential cost-effective as well.

As has been mentioned above, particularly the scenarios
based on LLCC are subject to various uncertainties. A very sen-
sitive assumption in this respect is the development of future
electricity prices. Here, only very moderate increase has been
assumed (+9 to 21 % between 2010 and 2035). Faster increasing
electricity prices would move all LLCC-based scenarios closer
to the technical diffusion scenario, which in this sense provides
the lower boundary, while similarly the autonomous diffusion
scenario provides the upper boundary.

Table 3 breaks down the aggregated electricity demand to
the contribution of the individual energy services. It can be ob-
served that the dynamics of the individual energy services are
different, already in the autonomous diffusion scenario. While
the demand for heating even falls from 2010 to 2035, the de-
mand of other energy services increases between 2 % (cook-
ing) and 87 % (ventilation and air-conditioning). Heat pumps
are separately modeled and show an even higher growth rate,
mainly because demand in the base year 2010 is still on a very
low level.

The remaining scenarios are shown as difference to the au-
tonomous diffusion scenario. The effects vary heavily by energy
service. For some energy services the EDD is expected to show
no effect (same values for LLCC-35 and LLCC-5/35), which has
mainly two reasons. Either the EEMs considered are not cost-

1.400
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effective (cooking), or the energy service is out of the scope of
the EDD (elevators).

The impact of policies and particularly the EDD not only
varies by energy service, but also by country. Figure 5 shows
the effect of the LLCC-5/35 scenario as difference to LLCC-35
scenario for the year 2035. The heights of the individual bars
represent the saving potential induced by the EDD as share of
the electricity demand in the autonomous diffusion scenario in
the year 2035. Accordingly, the EDD impact ranges from about
21 % in Portugal to about 5.5 % in the United Kingdom. These
large differences between countries result from both the level of
electricity prices and the country specific structure of the terti-
ary sector. The latter is considered in the model in the form of
employees and floor area per sub-sector, the diffusion of energy
services, which is typically more advanced in countries with
higher income and the level of efficiency in the current stock of
equipment. For example energy savings related to the energy
service ventilation and air-conditioning (AC) are highest in the
Mediterranean countries, where AC systems are widely spread
already in 2010 but even more in 2035. The efficiency stand-
ards, which represent the implementing measures of the EDD,
are, however, not differentiated by country.

Furthermore, the results shown in Figure 5 are subject to
uncertainty from the baseline used, which is the LLCC-35 sce-
nario. In the following, the impact of the scenario LLCC-5/35
is calculated as difference to the autonomous diffusion scenario
(Figure 6). This difference captures the entire effect of the cur-
rent policy mix (EDD plus other policies). Across the countries,
this effect ranges from about 35 % in Cyprus to around 15 % in
Estonia. The EU27 average is around 22 % (see Figure 6).

Conclusions

While scenario analysis always contains a certain degree of un-
certainty, one can draw the overall conclusion from the scenar-
ios calculated that electricity demand in the EU tertiary sector
will probably continue to grow in the coming years. However,

e Frozen efficiency
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Figure 4. Electricity demand of EU27 between 2010 and 2035 for different scenarios.
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Table 3. Electricity demand of the autonomous diffusion scenario in the EU27 and the effect of different policy scenarios in 2035, by energy services.

Energy service Autonomous diffusion Saving potential to autonomous diffusion in 2035 EDD
Growth Technical pc.>tent|al
2010 2035 2035/2008 LLCC-35 LLCC-5/35 LLCC-5 diffusion in 2035*
Heating auxiliaries 45.2 54.6 21% 0.0 7.5 7.5 16.1 7.5
Cooking 44.9 46.0 2% 5.9 5.9 5.9 13.2 -
Electric heating 48.3 45.7 -5% 13 9.7 13.2 17.7 8.4
Elevators 12.4 15.6 26% 2.4 2.4 2.4 " 2.4 -
Heat pumps 0.6 19.3 3265% 0.0 1.7 1.7 5.2 1.7
Hot water 63.4 85.1 34% 0.0 3.1 3.1 20.3 3.1
ICT data centers 35.0 54.6 56% 10.2 110" 110" 11.0 0.8
ICT office 20.1 27.0 34% 4.2 8.2 8.2 8.6 4.0
Laundry 11.6 13.5 17% n/a n/a n/a n/a -
Lighting 237.4 261.7 10% 43.0 64.9 80.0 147.1 21.9
Lighting street 31.1 36.1 16% 2.8 14.4 14.4 14.1 11.6
Misc. building technologies 105.1 167.4 59% [ 21.4 21.4 54.5 64.1 -
Refrigeration 80.0 121.8 52% 39.4 40.1 40.1 45.1 0.7
Ventilation and AC 99.8 186.6 87% 25.0 70.2 70.2 90.0 45.2
Total 834.8 1'135.0 i 36% 155.5 260.6 312.3 455.1 105.0

* EDD potential = LLCC-5/35 — LLCC-35.
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Figure 5. Effect in LLCC-5/35 scenario compared to LLCC-35 scenario as share of autonomous diffusion baseline for 2035 by country.

the policies currently implemented and foreseen for implemen-
tation will mitigate this effect to a large extent and demand
tends to stabilize in the long term, particularly if the Ecode-
sign Directive (EDD) is consequently implemented based on
the least life-cycle cost (LLCC) approach and if it is accom-
panied by additional soft policies to address energy-efficiency
measures (EEMs), such as system optimization or behavioural
measures, and energy services not covered by the EDD and its
implementing measures (scenario LLCC-5/35).

If compared to a theoretical scenario in which the intensity
of the implemented policies equals an investment decision ac-
cording to LLCC with a 35 % discount rate (scenario LLCC-
35), the EDD results in about 100 TWh additional electricity
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savings in 2035. If additional policies (energy labelling, energy
audits, energy management) of the current policy mix are in-
cluded, the saving potential is about 260 TWh compared to the
autonomous diffusion baseline.

The authors are only aware of only one other study that inves-
tigated the aggregated impact of the EDD, which reports electric-
ity savings of 340 TWh (Bertoldi, Atanasiu 2009). The compari-
son to our results, however, is difficult, as Bertoldi and Atanasiu
calculate the savings for the year 2020, aggregate the tertiary and
the residential sector, include minimum standards as well as la-
belling and follow a different methodological approach.

Though it is certainly difficult to consider all country specific
differences in such a modelling approach and the country spe-
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Figure 6. Effect in LLCC-5/35 scenario compared to autonomous diffusion baseline for 2035 by country.

cific results should be interpreted with caution, some country
specific conclusions can be drawn. Mainly, the impact of the
EDD varies by country and shows a range of 5.5 % to 21 % of
the countries’ electricity demand in the autonomous diffusion
scenario. If additional soft policies are included, the potential
impact ranges from 15 to 35 %.

From a methodological point of view, the integrated model-
based analysis using FORECAST-tertiary has shown a number
of advantages. First of all the dynamics of drivers that is in-
herently part of the tertiary sector leading to strongly growing
electricity demand is taken into account. Secondly, explicitly
modelling energy-efficiency measures and their diffusion into
the different sub-sector, differentiating by energy-services and
countries, makes this model particularly suitable for assessing
energy-efficiency policy measures such as those defined in the
different EDD lots. Finally, taking into account costs, energy
prices and discount rates are explicitly offers the potential to
place policy into an economic framework and to conduct cost-
benefit analysis.

Note however that at the current stage of model implementa-
tion there is still a certain room for improvement. The model-
ling of the EDD could certainly be more precise, if the plenty of
material available from preparatory studies and implementing
measures is more systematically integrated in the model. Also,
we did not consider a potential future extension of standards
nor the adoption of even more ambitious implementing meas-
ures or the inclusion of additional energy services. For such a
long time horizon, these aspects are relatively likely, although
difficult to forecast. Including such assumptions in the model
would certainly increase the potential of the EDD more to-
wards the scenario LLCC-5.

Further, our analysis relies heavily on the assessment of life-
cycle costs. Costs are, however, difficult to assess and might
develop quite dynamic, as particularly for the relatively new
equipment and technologies, widespread diffusion will prob-
ably result in experience effects and falling costs. To a certain

degree, this effect is captured in the specification of EEMs in
the model, although not systematically.
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