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a  b  s  t  r  a  c  t

There  is  an increasing  desire  by  managers  to  reduce  the amount  of  energy  consumed  by  the  buildings
in  their  portfolio.  Energy  efficiency  measures  on  existing  buildings,  however,  are  often  economically
feasible  only  if  executed  at the  same  time  as  the  execution  of  necessary  maintenance  and  refurbishment
measures.  At the  strategic  level  it would  be useful  to be  able  to  better  plan  the costs  and  benefits  of  energy
efficiency  measures  so  that  decisions  could  be made  to  execute  them  when  the  opportunity  arises.

In  this  paper,  a Cost-Performance-Indicator  (CPI)  curve  is proposed  to indicate  additional  costs  and
benefits  of  energy  efficiency  measures  at a  strategic  level,  and  evidence  is  given that  corroborates  the
hypothesis  that  energy  efficiency  measures  follow  the  law of  increasing  relative  costs.  The  usefulness
of  the  CPI  curve  is demonstrated  through  two  case  studies.  An  example  is  provided  and  the  potential
is  discussed  for using  this  curve  for  the  planning  and  budgeting  of  refurbishment  and  energy  efficiency
measures,  and as  a tool  to  explain  the  relation  between  costs  and  benefits  of  measures  enhancing  building
energy  efficiency,  including  the  production  of  renewable  energy,  to investors.

© 2016  Elsevier  B.V.  All  rights  reserved.

1. Introduction

As the existing building stock accounts for up to 40% of the total
world energy consumption (World Business Council for Sustain-
able Development WBCSD [1]), and a large share of this energy is
being produced from non-renewable fossil fuels, the existing build-
ing stock offers the single largest potential for energy conservation,
and consequently reduction of CO2 emissions. Example efforts to
improve the technical-economic options of buildings owners are
the development of passive (using less than 15 kW h/m2.a), zero
emission and plus energy buildings. An example effort to ensure
that countries improve the energy efficiency of their buildings is
the European Energy Performance of Buildings Directive (EPBD [2]),
which requires in its article 9 that from 2020 all new buildings
be nearly all zero-energy ones. A new study also shows consider-
able economic benefits of energy efficient building refurbishment
(Ecofys [3]).
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Refurbishment measures (RMs) and energy efficiency measures
(EEMs), of which there are two types, energy conservation mea-
sures (ECMs) and energy production measures (EPMs), are closely
linked and intertwined, yet they are often planned and treated sep-
arately. For example, painting an exterior wall of a building as a RM
and adding insulation to that wall as an ECM both need scaffolding.
If executed simultaneously synergies can be achieved resulting in
lower combined costs. It follows that, in this case, since the scaf-
folding would already be available for the RM,  that the additional
cost of the ECM would be less than if it was executed alone. As the
benefit of the ECM would remain the same, this reduction in cost
would increase its net benefit, which would increase the chances
that a building owner would execute it. In order to investigate the
viability of executing EEMs at the same time as RMs, it is necessary
to understand the costs of the RMs  that would be incurred with or
without the execution of the EEMs [4], which from a focus on the
EEM are sometimes referred to as “anyway costs”1 and “additional

1 Defined as “Set of actions, products and services necessary to guarantee the
regular, safe and legal functions and aesthetics of an existing building” in IEA Annex
56 [5].
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costs”, respectively. In addition to ECMs, there are also measures
that result in the production of energy from renewable sources.
These EPMs are to be considered simultaneously with ECMs when
determining how to modify the buildings within a building portfo-
lio.

The use of the proposed cost-performance indicator or CPI curve
will help decision makers take into consideration the costs and ben-
efits of RMs  and EEMs, correctly at the strategic level, i.e. without
the double counting of costs for both measures if they are exe-
cuted together. Through its use, there will be an increased number
of EEMs planned and executed, due to the increase in knowledge
with respect to the costs and effectiveness of EEMs and, therefore,
change in the actions of owners [6–9]. It is based on the estimation
of the additional costs of EEMs and their impact on performance.
The remainder of this paper is divided into seven sections. As there
is a great variation in the terminology in this field, in Section 2 the
definitions used in the paper are explained. Section 3 identifies defi-
ciencies of existing methods and the need for a new instrument.
Section 4 contains the development and potential application of
the CPI curve, which is illustrated with the data presented in the
two case studies. Section 5 presents the strategic planning process
without and with the CPI method and contains an example of the
usefulness of the CPI curve. Section 6 contains a discussion of the
method and of the significance of the shape of the CPI curve. Sec-
tion 7 contains the conclusions of the paper and the need for further
studies, respectively.

2. Definitions

2.1. Functionality

In this work, it is considered that a building is constructed to
meet an initial set of requirements, or in other words, to provide
a certain level of service. If a building provides this level of ser-
vice, it is considered to be 100% functional. A building can cease to
meet initial requirements in two basic ways; (1) the building dete-
riorates, (2) the building requirements change. The latter can be
subdivided into (a) changes in building standards, e.g., increases
in the expected energy efficiency, and (b) changes because it is
needed for another purpose, e.g., modification of a warehouse to be
an apartment building. The amount of deterioration is expressed as
a % loss of the initial functionality. The energy efficiency, generally
measured by the energy performance index (EPI [10]), is an aspect
of the functionality.

It is considered that the costs of RMs  are directly proportional to
the cost of reconstructing the building with the same functionality,
today [11]. The costs of enhancement measures are, in general, not
directly proportional to the accompanying change in functionality.
There is, however, a relationship between them, at least for energy
efficiency improvements, such as a more comfortable indoor envi-
ronmental quality.

2.2. Value

The proposed method uses the reconstruction value, i.e. the
expected cost of reconstruction of the building on a green-field
site, as a base value. Costs of investigated interventions are then
expressed as a percentage of the reconstruction value. This facil-
itates the understanding of the method by normalizing the costs
of measures on buildings of different size and type, and by nor-
malizing costs over time. Estimates of this value can be obtained
using either cost-indexed original construction costs, or the amount
for which the building is insured, which is usually based on the so
called reinstatement value, which reflects the reconstruction costs
at a certain point in time (e.g., at the start of the insurance contract).

Care must, however, be taken to account for deviations from these
values, and the actual reconstruction costs, if a high level of detail is
required. It is also noted, that these values are also not necessarily
identical with the commercial market value, fair value or value of
assets in the balance sheet also called the financial book value.

2.3. Measures

In order to ensure that a building continues to provide the
desired level of service or functionality it is necessary to execute
measures. In general, these can be classified as (1) mainte-
nance measures (MMs), (2) refurbishment measures (RMs) and (3)
enhancement measures (EMs) of which EEMs are a subset. MMs  are
relatively inexpensive measures that slow deterioration and, there-
fore, slow the loss of functionality of the building. The costs of such
measures are normally included in expenses2 and have no effect on
the value of assets3 in the balance sheet. RMs  are relatively expen-
sive measures that improve the functionality of the building up to
and possibly beyond the initial functionality, e.g. to comply with
new legal requirements. The costs of RMs  are normally included
in investments4 and have an effect on the value of assets in the
balance sheet. EMs  are relatively expensive measures that improve
the functionality of the building beyond the initial functionality, e.g.
adding another floor on top of the building. The costs of EMs are also
normally included in investments and have an effect on the value
of assets in the balance sheet. A description of each type of measure
is given with respect to the reason for execution, the department
responsible and budget request process, the effect that measure is
expected to have on functionality, how the costs of the measure are
taken into consideration by accounting and the effect on the bal-
ance sheet, and the normal source of funding in Table 1. The effect
expected on the functionality of the building due to the execution
of the measure is illustrated in Fig. 1.5

To execute interventions on buildings in an optimal way, it is
necessary to analyze and plan all measures together [12]. Unfor-
tunately due to organizational structures and internal regulations
this is not always done.

2.4. Costs and benefits

Costs, in this paper, are defined as the impacts that are incurred
during the execution of measures by the owner of the building. They
are grouped as shown in Table 2, where if a measure is executed
the costs for the lowest category are counted first, then the costs
for the second, etc.

Benefits are defined as the impacts that are incurred both dur-
ing and following the execution of measures that are not directly
related to the execution of measures. They are grouped as shown

2 Expenses—Operating expenditures (OPEX), in the context of this paper the
amount of money spent or costs for maintenance and operation of a building.

3 Value of assets are the value entered on the balance sheet, which is used, for
example, to help determine the amount of tax to be paid.

4 Investment—Capital expenditure (CAPEX), in the context of this paper the
amount of money spent or costs to improve the functionality of a building.

5 It is noted that the exact definitions of a measure may  vary from organization to
organization, and even between persons within the same organisation. This decision
depends on multiple factors such as internal accounting and/or taxation principles,
legislation of the rental market, the actual condition vs. advances in building tech-
nology, standards and regulations, types of requirements, financing of the measures,
and  responsibility for planning and execution. The explanations we have given here,
are, however, exact enough to demonstrate the proposed method and can easily be
adapted to a specific organisation if desired.

11 There are numerous rating labels on the market, either specific to energy con-
sumption or covering other aspects of sustainability. As part of their corporate
identity and responsibility, organisations often demand a certain rating of the build-
ings they occupy. The rating may  result in a higher value of the labelled building in
the market [15] and thus enhances its functionality.
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