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Executive Summary 

This research aims at lowering two particular barriers to the development of the 
ESCo market in the Netherlands, namely: the lack of skills in managing technical 
risks and a lack of accepted standardized measurement and verification (M&V) 
procedures for savings. The research is conducted specifically for the Dutch 
office market, with a strong focus upon electricity consumption in large offices 
(>10.000 m2). Since EPCs are usually long term contracts, it is very hard to 
predict the energy consumption over time. Organizations themselves, the way 
work is conducted at the office and equipment and installations can change 
significantly, threatening the business case for ESCos.  This research answers the 
following research question, in order to lower and quantify performance risks 
for ESCos: “What indicators can be used in order to manage and allocate the 
performance risks for an ESCo, for the electricity bill of Dutch office buildings, 
raised by changes in the client organization?”  
 
In order to answer this research question, a detailed analysis of electricity 
consuming equipment in a case building in Tilburg has been made. The insights 
of this analysis have been translated into a risk model, which can be used by 
ESCos before the start of a new EPC. The risk model provides insight in the 
financial consequences of eleven scenarios, which will influence the electricity 
consumption of the client building. The only parameters an ESCo needs to use 
this model are: the size of the building, the annual electricity consumption, the 
electricity price and the number of people working in the building. With the 
outcomes of the model, the ESCo can decide which scenarios it sees as a major 
threat for its business case. It is recommended that the ESCo will make 
agreements with the client organization about these threats and how they should 
influence the business case. For example, an ESCo does not want to be held 
responsible for an increase in the electricity consumption due to a significant 
increase of the server capacity within the client building. On the other hand, the 
ESCo shouldn’t want to gain a bonus for lowering the electricity consumption 
when a building becomes partly vacant. The risk model thus aims to provide an 
honest reward for the performance of an ESCo, based foremost upon the energy 
efficiency measure an ESCo takes. 
 
Next to the risk model, two benchmark tools are presented which can be used to 
properly monitor the performance during an EPC. For the first tool, only hourly 
electricity consumption data is needed. For the second tool, the number of 
employees in the office needs to be measured at various points in time. With 
these methods, changes in performance can be detected quickly. In some cases, it 
is also possible to find the exact cause of the change as well. The set of tools 
presented in this study will make it easier to meet initially projected energy 
savings and to limit performance risks over time. These outcomes can also be 
used to present better, more detailed and more certain, risk/return projections 
to investment managers.  
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1.    Introduction 
1.1 Reason for research 

Schneider et al. [2011] estimated the annual energy savings potential in 
commercial buildings in the Netherlands at 4,7 PJ, which comes down to €446 
million. Energy service companies (ESCo) deliver energy savings in the built 
environment through energy performance contracts (EPC). These companies 
have the potential to actually realize a significant part of the energy savings, by 
taking energy efficiency measures (EEM), adjusting installations and monitoring 
energy consumption [Bertoldi et al., 2010]. Although ESCos are able to realize 
energy savings that can barely be realized by the building owners themselves, 
the current market for ESCos in the Netherlands is very small. Sneider et al. 
[2011], who conducted a market research into the ESCo market, estimated the 
current turnover at approximately € 4 million per year. Both Bertoldi et al. 
[2005] (internationally) and Schneider et al. [2011] (the Netherlands) give a 
comprehensive overview of the barriers for the development of the ESCo market.  
 
This research aims at lowering two particular barriers to the development of the 
ESCo market in the Netherlands, namely: the lack of skills in managing technical 
risks and a lack of accepted standardized measurement and verification (M&V) 
procedures for savings. The research is conducted specifically for the Dutch 
office market for three reasons. First of all, Sneider et al. [2011] indicated that 
office buildings have the largest commercial potential for ESCos. Secondly, this 
report is written in close cooperation with a Dutch building service provider 
(BSP), which has a lot of knowledge about energy consumption and installations 
in office buildings. Finally, detailed data about the energy consumption of large 
buildings is rare. The BSP supporting this research can provide detailed data for 
a large Dutch office building, which makes it possible to make a detailed analysis 
and draw decent conclusions. Within this analysis, the focus lies upon the 
electricity consumption.  
 

1.2 Aim of the research 

Since EPCs are usually long term contracts, it is very hard to predict the energy 
consumption over time. Organizations, the way work is conducted at the office 
and equipment and installations can change significantly. The aim of the research 
is to give more insight in the energy consumption of large Dutch office buildings. 
This knowledge will be translated into tools and recommendations, which can be 
used by ESCos in order to quantify and/or allocate their performance risks 
during an EPC. For both parties, it is very important to make the right 
agreements between the ESCo and the client organization. The client 
organization must remain able to change the office building, or the way the 
tenant of a building conducts its work, without large negative impacts for the 
business case of the ESCo. On the other hand, huge bonuses for the ESCo for 
changes that aren’t the effect of measures taken by the ESCo, are unwanted as 
well. For example, a building can become partly vacant after three years, 
lowering the energy consumption of the building significantly. This research will 
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show the effect upon the energy bill of a number of common organizational 
changes in office buildings. The outcomes contribute to lowering the two 
barriers for the development of the ESCo market as mentioned in the previous 
paragraph.  
 

1.3 Research relevance 

A lot of research has been conducted into discovering the barriers that limit the 
development of the ESCo market. Comprehensive overviews can be found in 
numerous studies, including Bertoldi [2005], Schneider [2011], Vine [2005] and 
Marino et al. [2010]. Pätäri & Sinkkonen [2013] have structured these barriers 
into two categories: internal- and external barriers. External barriers are 
barriers that come from the environment in which ESCos need to operate. 
Examples of these barriers are: low governmental support, low priority given to 
EEM and a lack of confidence in ESCos. Internal barriers are barriers that arise 
from the particular business case for the ESCo. Examples of internal barriers are: 
too heavy capital needs among ESCos, a lack of technical skills and a lack of 
standardized M&V procedures for managing EPCs.  
 
Recent graduate dissertations of Barneveld [2011] and De Boer [2011], focus 
upon the external barriers, advising the Dutch government what to do in order to 
stimulate the development of the ESCo market. Van Lier [2013] also mainly 
focusses upon the external barriers in order to predict the market development 
of ESCos in the Dutch care sector. Hemink [2013] set up a list of questions that 
need to be answered for each specific client in the Dutch cure market for ESCos 
in order to develop an optimal business case. With this approach, the author 
aims to focus more on internal than external barriers. Coppens [2013] looked at 
internal barriers to the development of ESCos for Dutch swimming Pools. He 
developed several contract types and looked at the spread of possible outcomes 
(or risk) for each contract type.  
 
This research will also focus upon specific internal barriers. However, this is the 
first dissertation focusing on office buildings. This is very distinctive from the 
research of Coppens [2013], as swimming pools are generally far more effected 
by gas consumption compared to office buildings. Furthermore, Coppens [2013] 
mainly focusses upon factors influencing energy costs that are outside the 
control of both the ESCo as the client organization (type 4 factors as defined by 
IPMVP, 2002). Examples of type 4 factors are energy prices and inflation rates. 
This research mainly focusses upon building owner controlled factors (type 2 
factors as defined by IPMVP, 2002). Examples of these factors are the use of 
laptops, lighting and elevators within a building. Studies in this narrow field 
within the ESCo industry are rare, although various reports mention the 
importance of research in this area. Lee et al. [2013] conducted one of only few 
studies which tries to quantify type 2 risk for ESCos operating in office buildings. 
However, the study of Lee [2013] strongly focusses upon heating, ventilation and 
air-conditioning (HVAC). This research complements the study of Lee by 
revealing more detailed information about electricity consuming equipment in 
office buildings.   
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1.4 Structure of the report 

This rest of this chapter will be used to describe the trends and developments in 
the energy sector, which lead to the need for ESCos and indicate the market 
potential for ESCOs in Dutch office buildings. When you are familiar with this 
context, this information will not be interesting to you. The second chapter 
indicates what specific context and problems have led to the research questions. 
These research questions are stated in paragraph 2.6. Next to the research 
questions, paragraph 2.7 (research boundaries) is very important to read. This 
paragraph indicates to what situations the outcomes of the research can be 
applied. Chapter 3 describes how ESCos work and what types of ESCos are used. 
Chapter 4 describes barriers to the development of the ESCo market in more 
detail. Furthermore, it describes the meaning of risk in energy performance 
contracts. These risks are further specified for the barriers that we aim to tackle. 
The chapter concludes with specific M&V protocols and problems with these 
protocols. Chapter 5 gives information about electricity quantification methods, 
with a special focus on office buildings. This chapter gives an overview of the 
current technical possibilities and limitations for determining the electricity 
consumption of specific equipment within a building. This information is 
necessary in order to get insight in the physical possibilities for M&V in office 
buildings. In chapter 6, the case building is introduced. Data from this building is 
used in order to conduct the analysis of the electricity consumption. In this 
chapter. In chapter 7, the dataset from the building is verified and the load 
profiles for important equipment types are constructed. Chapter 8 is used to 
present the findings from the analysis of the electricity consumption within the 
case building, combined with the constructed load profiles from chapter 7. With 
this information, you will get a feel for the breakdown of the electricity 
consumption in an office building and what factors can have a significant impact 
upon the business case for an ESCo. In chapter 9, the final tools and 
recommendations are presented. These tools and recommendations follow from 
the analysis conducted in chapter 7 and 8. Chapter 10 will finally present the 
general conclusions and recommendations for further research. 
 

1.5 Trends in the energy sector 

The energy sector faces huge challenges in order to deal with the long-term 
trends in modern day society. G.H. Oettinger, European commissioner for energy, 
stresses out that total investments of about €1 trillion will be needed in the next 
decade to make Europe’s energy installations and infrastructure fit for the future. 
The main drivers behind these changes are rising energy prices and increasing 
dependence on energy imports, jeopardizing our competitiveness. Other 
important drivers are climate change and pollution [European Union, 2011]. The 
Netherlands, as a member of the European Union, faces roughly the same 
challenges. In February 2013, Shell, AkzoNobel and DSM alarmed the authorities 
about the high energy prices in the Netherlands, undermining their 
competiveness. They are concerned that large energy consuming production 
processes will have to be relocated to other parts of the world [AFN, 2013]. Next 
to the high energy prices, the Netherlands and the EU as a whole, can be seen as 
economies that use energy ineffectively to generate economic wealth. Figure 1 
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shows the PPP (purchasing power parity) GDP per kilogram of oil equivalent of 
energy use as published by the World Bank. The graph indicates that European 
countries use energy inefficiently relative to their production when they are 
compared to other large economies and the world’s average.  
 

 
Figure 1: GDP per unit of energy use. Source: The World Bank and IEA, 2013.  

 

When looking at figure 2, the energy use per capita, we can conclude that the 
developed countries show a stabilization or even a small decline in their energy 
consumption. However, upcoming markets like China show a rapid growth in 
their energy consumption. The constant growth of the world’s population, 
combined with the steady overall growth of energy use per capita of the world, 
leads to an ever increasing demand for energy. Furthermore, figure 3 shows that 
this energy is largely generated by fossil fuels (81%, 2012). When the supply of 
these fossil fuels is disturbed, for instance due to political situations in Libya, 
Iran or Iraq as we have seen recently, or when supply simply cannot keep up 
with the increase in demand, the energy prices will rise. Countries like the 
Netherlands, highly depending on fossil fuels, are therefore exposed to rapidly 
increasing energy prices.  
 

 
Figure 2: Energy use per Capita. Source: IEA, 2013. 
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Figure 3: Fossil fuel energy consumption. Source: IEA, 2013. 

 
Other than rising energy prices and dependence on energy imports there are a 
few more relevant trends. Energieonderzoek Centrum Nederland (ECN) 
published a comprehensive report about the Dutch energy sector: Energie 
Trends 2012. They stress out that in the Netherlands, a relatively large 
proportion of the energy bill is determined by taxes. Due to these taxes, small 
and medium consumers pay a lot more for their energy than large consumers, 
who pay less for their energy than in neighboring countries. Another finding is 
that the taxation system is set up in a way that the government profits far more 
from energy produced out of fossil fuels, than it does from sustainable energy. 
However, energy policy is more and more dictated by the European Union. This 
trend leads to liberalization and internationalization of the energy network, but 
it also creates chances for sustainable energy solutions. The  final important 
trend is the rapid rise in different applications for electricity. The amount of 
equipment, using electricity, used for communication, kitchen appliances or 
transportation is rising quickly [ECN, 2012]. 

1.6 Energy in the build environment 

The build environment in the Netherlands is responsible for about 33% of the 
total energy consumption (figure 4).  Households are responsible for half of this 
energy consumption. Their annual total energy consumption has been fairly 
stable during the last two decades (figure 5), but nevertheless, the differences 
between 1990 and now are huge. The average household size has been declining 
steadily, while the total number of households is rising [CBS, 2013]. The gas 
consumption is declining, due to more efficient equipment and better insolation 
of the housing stock. In the meanwhile, the electricity consumption has increased 
due to a great increase in the number of electric appliances. The last few years, a 
small decline in this electricity consumption by households can be seen. This 
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might be explained by the increased energy efficiency of household equipment 
[Energie Nederland & Netbeheer Nederland, 2013].  
 
When looking at the commercial building sector, a steady growth in energy 
consumption can be seen (figure 5). This is mainly explained by the growth of 
this sector. The amount of people working in the service industries has grown 
steadily, along with the amount of office space [CBS, 2013]. Also the amount of 
stores, care facilities, recreation facilities and hotel and catering facilities has 
grown, leading to an increase in energy consumption. Another explanation is the 
increase in use of the electric equipment in commercial buildings, for example 
the use of computers in office buildings.    
 

 
Figure 4: Energy distribution in the Netherlands. Source: ECN, 2008. 

 

 
Figure 5: Energy consumption in the build environment. Source: ECN, 2008. 
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1.7 Energy and office buildings 

This research will focus on office buildings. Office buildings are responsible for 
about 12% of the energy consumption of commercial buildings and 2% of the 
total energy consumption in the Netherlands [ECN, 2008]. Various recent trends 
are essential when analyzing the energy consumption of office buildings. First of 
all, the number of office jobs is decreasing roughly since the beginning of the 
financial crisis. It is expected that this trend will continue in the coming years 
due to the aging population. However, unlike the total number of office jobs, the 
energy consumption per m2 office space is slowly increasing. This trend is 
especially visible in newer office buildings. It can be explained by various factors. 
First of all, there is still an increase in digitalization and the adoption of new 
electronic devices. Secondly, a recent study of Jones Lang LaSalle [2012] 
indicates that new office buildings are often designed so that smart working 
concepts can be implemented. This means for instance that office workers do not 
have an own desk anymore. This leads to a higher use of the available office 
space, which in turn leads to a higher energy consumption per m2. Finally, the 
installations used in newer office buildings are more numerous and complex. The 
installations have to be fine-tuned and adjusted in a way that they cooperate in 
order to generate a pleasant office climate while using as less energy as possible. 
In practice, a lot of installations are not performing optimally, leading to 
unnecessary energy consumption. This is a process that needs to be monitored 
over time [P.A. Elkhuizen, personal communication, 2013]. 
 

1.8 Energy Efficiency measures and Performance contracting 

Office buildings are an interesting market when it comes to taking energy 
efficiency measures. TNO and Halmos [2005] conducted a research in the energy 
performance of installations in Dutch office buildings. One of their conclusions 
was that those buildings used, on average, 25% more energy than expected, 
based upon the installed installations. The best performing office buildings used 
about 5% more energy than expected, while the worst performing used up to 
50% more. There are many reasons why energy inefficiency in office buildings is 
this high. Even if the owners and facility managers are aware of the potential 
savings, there might be multiple obstacles in realizing energy efficiency 
measures. Energy Performance contracting (EPC) and Energy Service Companies 
(ESCos) can increase the energy efficiency of a building. They are used to help 
overcome financial constraints to investments and pay off initial costs through 
the energy cost savings coming from reduced energy demand [Bertoldi, Boza-
Kiss & Rezessy, 2007]. Schneider et al. [2011] have conducted a market research 
into the potential for ESCos in Dutch commercial buildings. They conclude that 
the current potential turnover for ESCos is about €69 million per year. Of the 
investigated sectors, office buildings showed the largest potential: €36 million 
per year. Almost none of this potential is currently used.  
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2.    Research framework 
2.1 Background 

This research is conducted in cooperation with a large building service provider 
(BSP). The building service provider is a profit organization that provides 
building owners, often represented by property- or facility managers, an 
opportunity to outsource the management and maintenance of building 
installations and equipment. An important development in this field is the 
general increase in focus on energy efficiency (EE) and sustainability (figure 6). 
This holds true for both the client organizations, as for the tenants of the clients 
buildings [Institute for building efficiency, 2013]. This increase in focus upon EE 
and sustainability is driven by developments described in the introduction, as 
well as government policy’s, the protection or reinforcement of the corporate 
image and the public opinion.  
 

 
 

Figure 6: Developments in the environment for Buildings Service Providers (BSP). 

 
These developments offer BSP’s new business opportunities, as they have a lot of 
knowledge concerning installation performance and sustainable solutions. 
However, traditional ways of conduct in this field aren’t very effective for 
meeting the new demands of the clients. Furthermore, clients are often unwilling 
to invest a lot in energy efficiency measures (EEM), as they prefer to invest their 
available financial means in their core business. Another problem are the limited 
options of external financing for EEM [van Renselaar, 2013 & Institute for 
building efficiency, 2013]. In order to cope with this changing environment, 
performance based contracts related to EEM are important vehicles to work with 
for BSP’s.  
 
Currently, the main focus of the BSP supporting this report, is the office market. 
As part of their EPC activities, they are developing a tool to analyze the energy 
inefficiency of office buildings: The Energy Navigator. The aim of the Energy 
Navigator is to estimate the energy inefficiency of the building by using a limited 
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amount of data. Extensive research in the building is not needed, which makes it 
possible to calculate potential savings without making large upfront investments.   
Later on, the tool can also be used to monitor the energy performance of the 
buildings in the portfolio. It than functions as a risk management tool. Managing 
performance risks for ESCos is of great importance. The European ESCo status 
report 2007 mentioned “high perceived technical and business risks” as one of 
the main barriers in the European ESCo-market [Bertoldi et al., 2007]. This 
problem was reaffirmed in the latest European ESCo status report [Marino et al., 
2010]. This research is used to lower two specific barriers in the development of 
the ESCo market: the lack of skills in managing technical risks and a lack of 
accepted standardized measurement and verification (M&V) procedures for 
savings. This aim largely overlaps the aim of the yet to be developed part of the 
Energy Navigator tool. For this reason, the terms “complementing the Energy 
Navigator Tool” and “lowering the two specific barriers” are used 
interchangeably throughout this report. 
 

2.2 Problem analysis 

A lot of information about the analysis of natural gas consumption is already 

incorporated in the Energy Navigator-tool. Inefficiency in gas consumption can be 

estimated quite well with the Energy Navigator. However, to get a complete overview 

of the energy inefficiency in an office building, the electricity consumption needs to 

be analyzed as well. The electricity consumption is harder to analyze, as it depends 

upon far more types of installations and equipment. Information about the electricity 

curves of various types of equipment and installations is needed to quickly calculate 

the energy saving potential and to determine what type of equipment is not 

functioning properly. Furthermore, by analyzing the electricity consumption of an 

office building, the impact of certain organizational changes by the tenant can be 

predicted and managed. The same goes for changes in the installations of the building. 

When this approach is combined with a “duty to report” rule for the client in the 

ESCo contract, the performance risks for the ESCo can be reduced. Finally, this 

information about the electricity consumption is needed to limit the margin of error of 

the Energy Navigator. The more accurate the predictions of the Energy Navigator are, 

the smaller the performance risks for the ESCo become  [P.A. Elkhuizen, personal 

communication, 2013]. 

 

2.3 Desired situation 

The Energy Navigator can predict the energy inefficiency of an office building 
quickly, using limited information about the building, with a reasonable margin 
of error, both for the gas as for the electricity consumption. The Energy 
Navigator has a build in sensitivity analysis tool, which can predict the impact of 
certain operational changes on the energy bill. Finally, the Energy Navigator can 
monitor the energy performance of an office building, using carefully chosen 
performance indicators and limited amounts of building information. 
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2.4 Comparison desired- and current situation 

The electricity consumption of office buildings needs to be incorporated in the 
Energy Navigator tool in a similar way the gas consumption is incorporated at 
this point. The tool does not strive for a perfect projection of the energy 
inefficiency, because that would mean that far more factors need to be taken into 
account. This will lead to high upfront costs in order to conduct the analysis, and 
thus in determining whether a certain office building is interesting as a client for 
the ESCo company. Furthermore, the Energy Navigator must be prepared to be 
used as a monitoring tool for buildings in the ESCo’s portfolio. With entering 
certain readily available information about the building, the Navigator-tool 
should be able to show the energy performance and indicate how this 
performance is changing over time. Finally, the effects of certain organizational 
changes to the energy consumption of the office building must be projected. 
 

2.5 Goal 

The aim of this research is to collect information about the electricity build-up of 
Dutch office buildings. Furthermore, information about the sensitivity of certain 
organizational- or equipment changes to the electricity consumption of the 
building is desired. Finally, performance indicators of the electricity part of the 
energy performance of an office building need to be established in order to 
monitor the buildings performance over time.  
 

2.6 Research questions 

The literature study along with the notion of the current situation of the BSP 
concerning the development of a business case for an ESCo, has led to the 
following research question: 
 
What indicators can be used in order to manage and allocate the 
performance risks for an ESCo, for the electricity bill of Dutch office 
buildings, raised by changes in the client organization? 
 
This main question will be answered using the following sub questions: 
 
 (SQ1) What is an ESCo and how does it work? 
 (SQ2) What is the current status of the Dutch ESCo market for office 

buildings? 
 (SQ3) What barriers and opportunities are there for ESCos in the market of 

Dutch office buildings? 
 (SQ4) What are the risks for an ESCo operating in the Dutch office market? 
 (SQ5) How is the electricity bill of a typical Dutch office building build-up? 
 (SQ6) How does this electricity bill change when the client makes 

organizational changes?  
 (SQ7) What indicators can be used to monitor the electricity consumption of 

an office building? 
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2.7 Research boundaries 

This research is focused on the risks for ESCos. Although this is just one of the 
main barriers for the development of the ESCo market in the Netherlands, it is 
one of the most important ones to solve at this stage. When the performance 
risks for ESCos can be managed properly, it is expected that the market will be 
able to offer more solid EPC proposals and contracts. This in turn can lower 
other existing barriers in the ESCo market like low awareness and lack of 
information about ESCo concepts, mistrust from clients and low priority of 
energy efficiency measures. Furthermore, it is important to notice that the 
research mainly focusses on large (>10.000 m2) office buildings in the 
Netherlands. The same goes for the Energy Navigator tool. This is a boundary 
that arose as a limitation for the way the Energy Navigator analysis a building. 
The whole point is to use limited and readily available information about a 
building, like floor space, annual energy consumption, energy label, location, year 
of construction etc. Previous tests of the Energy Navigator have shown that the 
energy behavior of large office buildings is very homogeneous. However, smaller 
offices behave differently, because some installations can have relatively larger 
unexpected influence, which makes the Energy Navigator analysis less reliable 
for small office buildings. More information about small office buildings, like 
form factors, is needed to make decent predictions. As the options to analyze 
office buildings on a detailed level are limited, the research only applies to large 
office buildings as their homogeneous nature in terms of energy consumption 
makes it easier to generalize conclusions based upon a limited amount of data. 
 
Finally, as mentioned earlier, detailed data about the energy consumption, and 
factors influencing this consumption, is very rare. An attempt to set up a pilot to 
measure the electricity consumption of various office buildings, along with the 
retrieval of other more detailed building information, failed due to the 
unwillingness to cover the costs for the project. Therefore, this research uses 
data collected for a report in 2011. A large Dutch office building was analyzed in 
detail. The dataset consist of hourly electricity en gas consumption, an inventory 
of all installations and office equipment along with some information about the 
actual consumption of this equipment, and a periodical measurement of the 
amount of people that are in the office. Due to this limited data availability, it is 
important to validate the relevance of the used data in order to draw solid 
conclusions about the energy consumptions in office buildings in general.  
 

2.8 Reading guide & Research design 

The first two chapters are used to describe the context in which this research 
takes place. Furthermore, the research questions and research design are 
highlighted in the second chapter. In chapter 3 and 4, a literature study will be 
conducted in order to answer sub questions 1 to 4 (see figure 7). In chapter 5, an 
overview of research conducted in electricity quantification is given. In chapter 
6, the dataset is introduced and the case is validated in order to determine the 
value of the outcomes for the Dutch office market in general. In chapter 7, other 
input variables used for the case are illustrated, in order to answer sub question 
7 in chapter 8. Finally, in chapter 9 and 10, the conclusions will be presented. 
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First of all, the created tool with its KPI’s and benchmark options for ESCos will 
be explained in order to answer the main research question. The final chapter 
will include recommendations for further research.  
 

 
 
  
Figure 7: Research Design. 

 

Electricity Quantification 

Methods 
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3.    What is an ESCo? 
3.1 Definition of an ESCo and an EPC 

This chapter will explain what an ESCo actually is, how it works and when it is 
used, in order to answer the first research question. ESCos and EPCs are 
becoming more popular worldwide as a means of saving energy in existing 
buildings. However, it is not always clear what the terms actually mean. Patari 
and Sinkkonen [2013], just like Bertoldi et al. [2006], mention the definitional 
confusion, the variety and complexity of the offerings and the diversity of 
suppliers in the ESCo and EPC-market. Bertoldi et al. [2006] tried to develop 
clear and unequivocal definitions in this field. The came up with the following 
definitions: 
 

ESCO: 
“a natural or legal person that delivers energy services and/or other energy 
efficiency improvement measures in a user’s facility or premises, and accepts some 
degree of financial risk in doing so. The payment for the services delivered is based 
(either wholly or in part) on the achievement of energy efficiency improvements 
and on the meeting of the other agreed performance criteria” [Bertoldi et al., 
2007] 
 
EPC: 
“a contractual arrangement between the beneficiary and the provider (normally an 
ESCO) of an energy efficiency improvement measure, where investments in that 
measure are paid for in relation to a contractually agreed level of energy efficiency 
improvement.” [Bertoldi et al, 2007] 
 
Patari and Sinkkonen [2013], who amongst others, conducted a literature review 
into the definitions. Based on their studies, they add some more details to the 
definitions set up by Bertoldi et al. in 2007. They mention that an ESCo services 
typically include energy audits, installation, the operation and maintenance of 
equipment, measuring, monitoring and verifying the project’s energy savings and 
in some occasions also fuel and electricity purchasing. Another important part of 
ESCo services is that they often provide or arrange financing [Patari and 
Sinkkonen, 2013]. When it comes to EPC, Patari and Sinkkonen furthermore 
identify that this approach is based on the transfer of risks from the client to the 
external organization.  
 
Both the studies of Patari and Sinkkonen [2013] as the studies of Bertoldi et al. 
[2005, 2007 and 2010], mention the important difference between Energy 
Service Provider Companies (ESPC) and Energy Service Companies (ESCo). 
ESPC’s operate on a “design and build” or “turnkey” principle, by which 
compensation is mainly based on a predefined fee. This is also the way 
traditional BSP’s work. ESCos are paid based on the energy performance of the 
clients building, and are the providers of EPCs. 
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Figure 8 shows how EPCs work. The top of the orange bar indicates the original 
energy costs before the ESCo implements EEM. The gray box indicates the energy 
costs after the implementation of the EEM. The energy cost savings are divided in 
a pre-determined manner by the customer and the ESco. After the contract 
period with the ESCo ends, the customer keeps profiting from the lower energy 
bill. 
 

 

Figure 8: Energy performance contract principle. Source: Joint Research Centre: Institute for energy and 

transport, 2014. 

 

3.2 What type of ESCos exist? 

Taylor et al. [2008] mentions that there are variations in the ways ESCos operate, 
but that the key difference involves whether or not they provide financing for the 
project they are developing. Sorrell [2007] states that the type of financing of 
ESCo projects  depends upon the creditor’s knowledge of project financing, the 
credit ratings of the ESCo and the client and public procurement and accounting 
rules. Bertoli et al. [2007] identifies three basic financing options: ESCo 
financing, Third Party Financing (TPF) and Customer Financing. With ESCo 
financing, the ESCo itself invests in the energy saving measures, while with 
customer financing, the customer finances the investments. Third party financing 
can be used, both by the ESCo as by the customer to finance the energy saving 
measures. The type of financing mainly determines which type of ESCo contract 
will be used. Two most commonly used contracts are the shared savings contract 
(SSC) and the Guaranteed Savings contract (GSC) (see figure 9).  
 
The shared savings contracts are used when the ESCo deals with the financing of 
the energy efficiency measures (EEM), either with TPF or not. With the SSC, the 
performance is related to the percentage of energy cost savings. The cost savings 
are split for a pre-determined time in accordance with a pre-arranged 
percentage, based on the cost of the project, the length of the contract and the 
risks taken by the ESCo and the client. With the GSC, the performance is related 
to the level of energy saved. 
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Figure 9: ESCo types. Source: Patari and Sinkkonen, 2013. 

 

The value of energy saved is guaranteed to cover the client’s annual debt 
obligations [Patari & Sinkkonen, 2013 & Joint Research Centre: Institute for 
energy and transport, 2014]. SSC, in general, is more suitable for new ESCo 
markets, as financing constructions for ESCos and expertise and understanding 
of EPC are usually not present. This makes SSC often the only option for ESCos to 
enter the market. The disadvantage of this construction is that ESCos become 
overly indebted, which makes it hard to finance further projects. It also makes it 
hard for smaller, new companies, to enter the ESCo market [Joint Research 
Centre: Institute for energy and transport, 2014]. However, in this stage, it is to 
be expected that most of the ESCo contracts in the Netherlands will be SSC 
contracts as well. In the Netherlands, the case of the swimming pools ESCo in 
Rotterdam (2011) is a well-known show case for EPC. In this case,  Strukton and 
Hellebrekers set up an ESCo to implement EEM in 9 swimming pools. This ESCo 
is a good example of a SSC. The EEM are financed with a combination of ESCo 
financing and TPF [Strukton, 2012 & BNG, 2011]. 
 

3.3 ESCo in the Netherlands 

In the Netherlands, the ESCo market is currently very small. However, several 
companies are discovering the opportunities of ESCos in the Netherlands, 
including most large BSPs. Clients are also looking for new opportunities to save 
energy and to promote their green image. The pressure to offer sustainable and 
attractive EPC solutions increases rapidly. The Dutch authorities are also 
stimulating EPC activities. In the Netherlands, AgentschapNL, conducts research 
and promotes EPC activities. AgentschapNL is a governmental institution, which 
is part of the Department of Economic affairs. From 2014, AgentschapNL merged 
with another institution and will become known as “Rijksdienst voor 
ondernemend Nederland”. The institution uses a different classification-method 
for ESCos. Internationally, the SSC and GSC ESCo types are often mentioned. In 
the Netherlands, the following classifications are used:  
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Type 1 ESCo: the product ESCo. This ESCo is aimed at one specific sustainable 
measure within a building, for example the replacing of TL-lighting. 
[AgentschapNL, 2013] 
 
Type 2 ESCo: the installation ESCo. This ESCo is aimed at more fundamental energy 
saving measures like the climate installations of the building. The measures require 
larger investments and thus a longer contract term (5-8 years) than a type 1 ESCo.  
[AgentschapNL, 2013] 
 
Type 3 ESCo: the building ESCo. This ESCo aimes, next to measures mentioned in 
type 1 and 2 ESCos, at making a deeper analysis towards energy saving measures 
within the building. This type of ESCo is the most extensive and usually has a 
contract term of 10 to 15 years. Examples are the case of the swimming pools in 
Rotterdam and the renovation of an office building of Alliander. [AgentschapNL, 
2013] 
 
Basically, type 1 and type 2 are “lighter” versions of the full type 3 ESCo. This 
division is mostly made in order to develop the ESCo market in the Netherlands, 
in which type 1 ESCos are often used in the earlier stages. The idea is that the 
customers get more familiar with ESCo services, in order to lower the barrier for 
commitment to the more complex type 2 and 3 ESCos [Simons, 2013].  
 
Finally, it is important to note that in the Netherlands, the market is mainly 
focussed upon energy supply contracting (ESC). ESC is a comprehensive form of 
EPC. ESC is the efficient supply of energy, by providing heat, chilling, compressed 
air or electricity products. EPC is more extensive and more complex than ESC, 
while it not only focusses upon the supply of the energy, but also on the waste of 
energy and increasing energy efficiency within a building. This research focusses 
upon the more complex world of EPC.   
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4.    ESCo markets: barriers and risks 
In this chapter, the second, third and fourth sub-questions will be answered. 
First of all, the current status of the Dutch ESCo market will be highlighted. 
Secondly, the barriers hindering the development of the ESCo market in the 
Netherlands are mentioned. Finally, risks in the ESCo market are defined and 
linked to the specific barriers this research aims to lower. 

4.1 Barriers in the ESCo market 

Schneider et al. [2011] studied the market potential for ESCo services in the 
Netherlands. They conclude that the current annual potential market turnover 
for ESCo services in commercial buildings is €69 mln.  In 2011, only 6% of this 
market potential is used. Bertoldi et al. [2010] give an overview of the current 
status of the ESCo markets in various European countries. They mention that 
there are currently about 50 ESCos in the Netherlands. These are mostly type 1 
ESCos as mentioned in the previous chapter. For the Netherlands, which is often 
leading in energy efficiency (EE) policy, the ESCo market is relatively 
underdeveloped when compared to countries as Germany and the UK. In several 
other countries, a few dozen companies already offering type 3 ESCo services. 
Bertoldi et al. [2007] mention that ESCos could develop, but awareness about 
this option is too low and the institutional framework is missing, which hamper 
the launch of activity. However, a few years later, Bertoldi et al. [2010], mention 
that they expect the ESCo market to flourish within a few years as awareness 
increases. 
 
Nevertheless, the development of the ESCo market is very slow. Several studies 
looked into the barriers to commit to ESCo services. Patari & Sinkkonen [2013] 
made an overview of studies that looked to barriers in the development of the 
ESCo market in general (figure 10). Schneider et al. [2011] mentioned what 
barriers they saw in the Dutch market. 
 

 

Figure 10: Barriers ESCos internationally. Source: Patari & Sinkkonen, 2013. 
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Their findings largely overlap with the international findings. They describe the 
lack of knowledge and unfamiliarity with the service as a large external barrier, 
while high perceived risks and transaction costs are mentioned as large internal 
barriers [Schneider et al., 2011]. The distinction Patari & Sinkkonen made 
between external and internal barriers is very important. External barriers are 
factors in the environment in which the ESCo operates. In contrast to the internal 
barriers, the ESCo has limited influence upon these factors.  
 

4.2 Risks in the ESCo market 

Risk is defined as the probability of something happening multiplied by the 
resulting cost or benefit if it does. Risks can be managed by lowering the 
probability of occurrence, lowering the resulting consequences or lowering the 
exposure to the risk. An important notion is that something is only a risk when 
the outcome is insecure. This means that a risk can have both a positive as a 
negative outcome. The difference between risk and uncertainty, is that risk is 
measurable. Risk can also be defined as the intentional interaction with 
uncertainty. Mills et al. [2006] conducted a research into risk management in 
energy savings projects. They mention that energy managers and investment 
decision-makers simply do not speak the same language, which forms another 
internal barrier in the development of ESCo services. Energy-efficiency experts 
tend to avoid or devalue metrics that show evidence of uncertainty. For them, 
risk management means finding engineering solutions that eliminate risk. 
Finance traders and traditional investment analysts see risk management as a 
set of tools for comparing investments on the basis of value, risk, and volatility 
[Mills et al., 2006]. The attitude of energy-efficiency experts that uncertainty 
should be avoided, rather than quantified, limits the perceived opportunities for 
energy-efficiency measures. Furthermore, energy managers often portray an 
unrealistic view on return on energy efficiency projects, disregarding risk factors 
(figure 11). The aim of this research is to help energy managers to properly 
quantify the risks coming with EEM, which makes it able for investment 
managers to properly compare EEM-investments with other investment options. 
Furthermore, this research aims to lower the risks for EEM-investments in EPCs, 
placing EEM-investments as high as possible above the risk/return-line of figure 
11. An ESCo can do this by making agreements with the client organization about 
factors that influence the energy consumption, but which are not a result of the 
actions of the ESCo.  
 
Figure 12 illustrates the financial risk distribution between the client 
organization and the contractor, for different energy efficiency approaches. 
Traditional approaches are based on fixed fees, by which the financial risk is 
largely for the client organization. In the developing EPC market, the financial 
and performance risks shift towards the contractors. ESCos, as the contractors in 
EPC, face difficulties in financing their operations, partly as a consequence of the 
unrealistic risk portrayal of their business. As mentioned earlier, in emerging 
ESCo markets, SSCs have the highest potential. These constructions often require 
TPF, which will heavily indebt the ESCo. However, investors are unlikely to 
facilitate these operations when they don’t have a comprehensive insight in the 
risks of the operations. 
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Figure 11: Risk portrayal energy services. Source: Mills et al., 2006.  

 
Figure 12: Risk distribution for different EE approaches. Source: Joint Research Centre: Institute for energy and 

transport, 2014. 

 

Jackson [2010] underlines the fact that lack of financing opportunities for ESCo 
services can’t solely be seen as an internal barrier. The author shows that a lot of 
investors use a low payback (PB) period as a first risk screening tool. Only a 
limited amount of energy-efficiency investments will pass the payback screening 
process. However, PB cannot distinguish between shorter or longer lived 
investments, nor can it distinguish between investments that are intrinsically 
more risky, for instance due to weather impacts. Therefore, Jackson [2010] 
pleads for a differend risk management analysis approach for energy efficiency 
investment decisions.  
 

Nontheless, just like the lack of skills in managing technical risks and a lack of 
accepted and standerdized measurement and verification (M&V)  procedures for 
savings, the lack of financing opportunities remains an important internal 
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barrier to the development of the ESCo market as well [Patari & Sinkkonen, 
2013]. These barriers can all be lowered by decent and reliable quantification of 
the risks concening EEM. The International Performance Measurement and 
Verification Protocol (IPMVP) provides an overview of techniques available for 
verifying results of EEM (IPMVP, 2002). This protocol forms an important step in 
lowering the mentioned internal barriers. 
 

4.3 International Performance Measurement and Verification Protocol 

The purpose of the IPMVP is to increase investment in energy efficiency and 
renewable energy. The IPMVP does this in six different ways. First of all, better 
M&V results in higher levels of savings, greater persistence of savings over time 
and lower variability of savings. Secondly, by providing greater and more reliable 
savings and a common approach to determining savings, efficiency investments 
become more reliable and profitable. This will foster the development of new 
types of lower cost financing. Thirdly, better M&V reduces maintenance 
problems in facilities allowing them to run efficiently. Furthermore, IPMVP helps 
to demonstrate emission reductions, which leads to a more rational and cost-
effective energy investment strategy. Subsequently, better M&V increases public 
acceptance of the related activities. Finally, IPMVP helps national and industry 
organizations promote and achieve resource efficiency and environmental 
objectives (IPMVP, 2002). 
 
IPMVP [2002] underlines the importance to clearly describe the tolerances 
associated with the measurement and savings determination methods. The 
IPMVP provides guidance on obtaining information needed to reduce and 
manage measurement uncertainties. There are various factors influencing the 
energy costs during the EPC. IPMVP divides these factors in four distinct 
categories: 
 

1. ESCo-controlled variables – retrofit performance 
2. Owner-controlled variables – facility characteristics, operation 
3. ESCo and/or owner controlled variables – maintenance 
4. Variables that are outside of either party’s control – weather, energy 

prices etc. 
 
All these variables can potentially affect the energy savings estimates made at 
the beginning of the EPC. Assignment of responsibility for these changes is an 
important component of the EPC. The contract must be clear who wins or loses, 
for example when a change in operating hours occurs or when weather 
conditions vary significantly from previous projections. The financial impact of 
these changes can be either positive or negative. An ESCo does not want to be 
responsible for changes resulting from actions of the building owner. It should 
not be credited, for example, for a lower energy consumption due to an increase 
in the vacancy rate, nor should it be required to cover the extra costs raising 
from lengthening the opening hours [IPMVP, 2002]. Figure 13 illustrates what 
factors influence the return of an ESCo. Like the IPMVP, this figure uses four 
direct factors influencing the energy performance of the building. This study 
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focusses upon the factor “Behaviour of the client” (the second IPMVP category), 
which can be restricted by “contracts & agreements” but will always have an 
impact upon the factor “energy performance of clients building”.  

 

Figure 13: Factors influencing ESCo return. 

 

4.4 Measurement & Verification Options 

The IPMVP describes four different options in which M&V processes can be 
deducted (figure 14). Option A and option B focus upon the measurement of 
individual EEM in the clients building. The difference between option A and 
option B is that in option A only short-term measurements are conducted. This 
information is supplemented by stipulating additional data or parameters. 
 

 
Figure 14: IPMVP options. Source: Ginestet & Marchio, 2010, based upon IPMVP, 2002.    

 

In option B,  measurements are continuous or short-term measurements are 
sufficient in order to monitor the performance of the EEM. Option A and B are 
mostly used when the number of EEM is limited, which is often the case for 
“Type 1 en 2” ESCos as discussed in the previous chapter. Option C and D are 
used in more complex EPCs. Option C involves monitoring and predicting savings 
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within the building based upon (sub)metering. Option D involves monitoring and 
predicting savings within the building based upon building simulation [IPMVP, 
2002]. More detailed information about these options, and the problems 
occurring when implementing them, can be found in the next chapter. IPMVP is 
an important step in standardizing and professionalizing M&V procedures in 
EPCs. Nowadays, the guidelines provided by this protocol are used by ESCos 
worldwide.  
 

4.5 Measurement & Verification problems 

Although the IPMVP provides several tools and guidelines which will help 
allocating and quantifying the performance risk, the ESCo market needs to 
professionalize even further in this field in order to gain its full potential. 
Goldman et al. [2002] reviewed the US ESCo market and concluded that in 40% 
of projects, savings deviated by more than 15% from projections. In 30% of the 
cases, predicted savings were greater than the actual savings. Lee et al. [2013] 
tried to quantify the performance margins of an EPC, by breaking down the 
energy bill and determining the impact of changes in the individual components 
to the energy consumption. They used a Monte Carlo simulation to conclude that, 
in their case building in Hong Kong, the annual savings would be between 2,86% 
and 10,80%, with a mean of 5,18%, with 90% statistical significance. Basically, 
this range, with just 90% statistical significance, would often be considered as 
too large, when only a 5,18% reduction of energy costs is projected. This 
problem can be solved, amongst others, by allocating the performance risks. An 
example is to make the ESCo not responsible for changes in energy consumption 
caused by adjustment of opening hours or changes in vacancy rates. This 
research will complement the study of Lee et al. [2013] and the guidelines of the 
IPMVP [2002], by quantifying and arranging the impacts of organizational 
changes in large Dutch office buildings.   
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5.    Electricity quantification 
5.1 Analysis of electricity consumption in an office building 

In order to determine the performance risk for an ESCo with regard to 
organizational changes by the client organization, it is important to know what 
the energy consumption of office buildings looks like and how it is build up. As 
mentioned earlier, the BSP supporting this research has conducted a lot of 
research into the gas consumption of office buildings already. Therefore, this 
research focusses upon the electricity consumption. In order to determine the 
influence of external factors and organizational changes, data is needed to find 
the end-use of the electricity. Various methods have been developed and used in 
order to conduct this type of analysis. Wang et al. [2012] give a complete 
overview of these methods (figure 15). 

Figure 15: Overview energy quantification methods for existing buildings. Source:  Wang et al., 2012 

 

Calculation based methods use a simulation engine (dynamic method) or 
calculation models (steady-state method) to determine what the electricity 
consumption of a building should be. These methods vary from relatively simple 
steady-state methods, where dynamic effects are ignored or simplified by 
correlation factors, to complex dynamic simulation. The main issue with 
calculation based methods is the accuracy of the outcomes. When detailed and 
reliable outcomes are needed, complex dynamic simulations are needed which 
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require a lot of input [S. Wang, 2012]. For a BSP, dynamic simulations are 
therefore not practical, as the main purpose is to make a reliable estimate of the 
energy saving potential of an office building when only very limited information 
is available. On the other hand, steady-state methods give outcomes of which the 
margins of error are too large for our purposes.  
 
With measurement based methods, the electricity consumption is measured 
periodically. In contrast with the calculated methods, the errors in the datasets 
are either non-existent or far smaller, depending on the type of measurement. 
One of the major downsides of taking measurements is that it is an intrusive 
approach: meters have to be placed in a building. A less intrusive measurement 
method is the energy bill method, which gives the monthly energy consumption 
of a particular building. Detailed information about the end-use of the electricity 
is not available with this method, although there are some energy bill 
disaggregating methods which can give a lot of insight in the build-up of the total 
energy consumption. For this research, these methods are either too extensive 
(bottom-up calculation method) or don’t give information that is detailed enough 
to contribute to the Energy Navigator (STM-method) [S. Wang, 2012].  
 
Monitoring-based methods will deliver the most detailed and reliable 
information about the electricity consumption of a building, but in practice it 
takes too much time and money to monitor every building in this manner. Non-
intrusive load monitoring methods (NILM) have been developed in order to get 
this detailed level of information, without the need of a lot of measurements. 
NILM uses pattern-recognition in order to reveal the end-use of the electricity. It 
does this with the help of a high frequency meter which is able to note electricity 
startup- and shutdown characteristics of equipment. The meter matches these 
characteristics with a coupled database in order to find what equipment is 
switched on or off. NILM is mainly used in households, where the number of 
electric devices is limited. The electricity consumption of commercial office 
buildings is considered to be too complex for a successful implementation of 
NILM, although Norford & Leeb [1996] developed a prototype NILM for 
commercial buildings which performed well in laboratory tests. The final 
monitoring-based method includes using data from the Building Management 
System (BMS). Although the BSP in this case has an extensive BMS, data at this 
point is not maintained and structured enough to use for this research [S.Wang, 
2012]. 
 
Hybrid quantification methods are a combination between measurement based- 
and calculated methods. Most of the analysis is often still done by calculation, 
while measurements are used to reduce calculation discrepancies [S. Wang, 
2012]. The Energy Navigator is a type of hybrid quantification method, which is 
calibrated to roughly indicate, with limited input with a maximum margin of 
error, the amount of energy inefficiency in commercial buildings. This research 
will contribute to the Energy Navigator by measuring electricity use of office 
equipment in order to validate its results and to limit its margin of error. 
Furthermore, the data is used to create a reference database within the Energy 
Navigator, which indicates what the electricity consumption of various types of 
equipment under various circumstance should be in W/m2. The collected data 
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might also be used to create a pattern recognition function within the Energy 
Navigator. Finally, and most importantly, the data will be used to set up a ESCo 
management tool within the Energy Navigator. This tool will be able to analyze 
the impact of certain organizational changes. Furthermore, the tool gives 
performance indicators of the client building in terms of their electricity 
consuming performance. This is needed in order to spot energy inefficiency 
problems and to monitor the performance of the conducted energy efficiency 
measures. 
 

5.2 Literature review upon energy quantification and disaggregation 

Other authors came to interesting conclusions when conducting research into 
the build-up of the electricity consumption of buildings. Carrie Armel et al. 
[2013] reviewed the usefulness of energy disaggregation for energy efficiency in 
buildings. One of their findings was that most people are unlikely to invest in 
control systems, smart appliances and demand response programs when they do 
not understand where they waste energy and if they are not convinced if they 
benefit from it personally. They also conclude that the costs of monitoring more 
than a handful of appliances are too high. Appliance information is needed to sort 
out which appliances have the most impact and might be useful to monitor. 
Norford & Leeb [1996], Berges et al. [2010] and Kolter & Jaakola [2012] 
conducted studies into pattern recognition and NILM-methods in residential 
buildings. These methods become more and more interesting for commercial 
buildings when the methods are developed even further or when better (or 
cheaper) measuring equipment becomes available in the future. It is important 
to follow these developments closely when it comes to monitoring the electricity 
consumption of office buildings. 
 
Next to pattern recognition and NILM-methods, some authors have made reports 
based upon extensive measurement programs. Kunz et al. [2009] measured the 
energy consumption of one of the university buildings of Stanford University 
during a whole year (2008). Their main conclusions where that the energy use 
dramatically exceeded initial design objectives. Furthermore, it took a lot of time 
to interpret and analyze all the acquired data, which is a limitation for effectively 
monitoring commercial buildings on a significant scale. Finally, they made an 
interesting note upon building performance labels like the LEED system. Credits 
within these systems are awarded based on design simulations, not measured 
building energy performance. There has been very little work on validating 
whether projections of performance correspond to actual building performance.  
Mercier & Moorefield [2011] recorded detailed meter files in two commercial 
buildings on a subset of inventoried devices (mainly office equipment) at one-
minute intervals for one month to establish baseline plug load energy use. Next, 
they implied energy saving strategies and measured the same equipment once 
more. In one building savings of 19% upon the measured equipment was 
realized, in the other building, the savings totaled 40%. The study of Mercier and 
Moorefield is useful to validate the findings of this study.  
 
Extensive measurement programs are also studied in other building types. 
Although these studies in general are less relevant for this research, the 
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approach of Frosini & Anglani [2006], who studied the electricity consumption of 
an industrial customer, is very interesting. They used their extensive dataset to 
develop a model which provides a reliable electricity consumption forecast at a 
reasonably low cost. For large energy consumers, like the industrial customer in 
this case, the model is used to save costs on effective procurement of resources 
(in this case energy). Although the objective for this study is different from the 
study of Frosini & Anglani, some of the analytical methods they used can be 
taken into account in this research as well, e.g. the use of histograms in order to 
determine the business cycles of the building. 
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6.    Validation of the data 
6.1 Research Approach 

In order to conduct this research, detailed information about the electricity 
consumption of a representative office building and the office equipment it uses 
is needed. Unfortunately, attempts to set up a pilot using sub-metering in various 
Dutch office buildings failed during the course of this project. Therefore, an 
extensive report upon the electricity consumption of an office building in Tilburg 
in 2011 is used as the main dataset [Aarts, 2012].  This report has been set up in 
order to come to an extensive package of energy efficiency measures and 
quantifying their savings potential for this specific case. Although the analysis 
and its conclusions are not relevant for this research, the acquired dataset used 
for the report can be of great use. First of all, there is a complete overview of all 
the installed electrical equipment in the building, including office equipment, 
kitchen equipment, lighting and HVAC-installations. Secondly, all necessary 
building information is available, including surface areas, opening hours and 
hourly electricity consumption. Finally, information about the number of 
employees in the office is provided. The researchers have counted the number of 
people in the office two times a day for three weeks. Combining this information 
with the electricity consumption could give a lot of insight in actual energy 
efficiency of this office building. 
 

6.2 Validation of the data and research approach 

The main downside of this approach is that the dataset only includes one 
building. In order to generalize the conclusions, it is important to determine how 
this building relates to other large office buildings in the Netherlands. This will 
be done by comparing characteristics of this building, with regard to the 
electricity consumption, with characteristics of other large office buildings. 
Furthermore, it is important to make corrections upon the electricity 
consumption for exceptional situations. The most important ones are the 
presence of a large data-center within the building and high vacancy rates [P.A. 
Elkhuizen, personal communication, 2013]. For the Case building, there are no 
exceptional situations that have a large impact upon the electricity consumption. 
It can therefore be easily compared with other large Dutch office buildings. 
Figure 16 shows data of previous analysis in various large office buildings. By 
recalculating the electricity consumption to W/m2, it becomes possible to 
compare the performance of the buildings. The thought behind this approach is 
that office buildings, in terms of their electricity consumption, are fairly 
homogeneous. Roughly the same work is conducted, using the same type of 
equipment, in the same kind of environments during the same hours. When 
office buildings are benchmarked in this manner, the conclusion is that the 
electricity consumption averages between 20 and 30 W/m2. The case building 
consumes about 26 W/m2, which would mean that the building, in this term, can 
be seen as an average Dutch office building.  
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Building Average Electricity 
consumption during 

workhours (kW) 

GFA (m2) Average per GFA 
(W/m2) 

Office 1, Arnhem,  
The Netherlands 

624 34400 17 

Office 2, Amsterdam, 
The Netherlands 

1246 30361 41 

Office 3, Abcoude,  
The Netherlands 

548 14703 37 

Office 4, Brussels, 
Belgium 

3491 101200 35 

Office 5, Soesterberg, 
The Netherlands 

192 8200 23 

Office 6, Heerlen,  
The Netherlands 

1800 47000 38 

Office 7, Rotterdam,  
The Netherlands 

1004 30000 34 

Office 8, Zaandam,  
The Netherlands 

254 15000 17 

Office 9, Arnhem,  
The Netherlands 

1000 50000 20 

Case Building, Tilburg, 
The Netherlands 

1314 50500 26 

<20 W/m2 Low 
20-30 W/m2 Average 
30-40 W/m2 High 
40> W/m2 Very High 
Figure 16: Benchmark electricity consumption. Source: Cofely, 2013.  

 

Jones Lang LaSalle presented the annual overview of the service costs of office 
buildings in the Netherlands in the report “Office Service Charge Analysis 
Report” [2013]. In this report, the average electricity costs for 266 Dutch office 
buildings are analyzed. The average costs for electricity for these buildings was 
€9,82 per m2 in 2011 (figure 17). The electricity costs per m2 for the Case 
building are €12,67 per m2, which is slightly higher than an average Dutch office 
building, but not exceptional. The distribution of this data indicates that about 
35-40% of the buildings use more electricity per m2, while 60-65% uses less. 
When taking into account that high buildings and buildings with an energy C-
label, like the case building, in general consume more electricity than the average 
sample of buildings in this report, the conclusion is that the case building can be 
seen as a roughly average performing building in terms of electricity 
consumption. 
 
Very low <€5,00 per m2 

Low €5,00-€7,50 per m2 

Average €7,45-€12,50 per m2 

High €12,50-€15,00 per m2 

Very High >€15,00 per m2 
Average €9,82 per m2 

Case 
Building 

€12,67 per m2 

Figure 17: Benchmark electricity costs per m2. Source: Jones Lang LaSalle, 2013.  
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7.    Verification & of the data 
The case buildings analysis report [Aarts, 2012] includes a lot of information 
about the equipment which is present at the office building. However, the 
information for some types of equipment is not detailed enough to break down 
the total electricity consumption of the building adequately. For example, the 
number of laptops is mentioned, but not the type of laptops or their 
specifications in terms of energy consumption. More detailed research is also 
needed to verify non-specified assumptions in the report, like the prediction of 
the annual electricity consumption of laptops. Previous research in energy 
consumption of the various equipment types is used to predict the energy 
consumption over time and thereby to verify the estimates in the report. 
 
For the verification of the electricity consumption assumptions from the report 
of Aarts [2012], the categories stated in figure 18 are used. Most electricity 
consuming equipment is found in the category “equipment”. However, a lot of 
equipment has only a very limited influence on the total energy consumption. 
Aarts [2012] made estimates for the annual energy consumption for each 
(sub)category. For this report, only categories that are responsible for at least 
1% of the total electricity consumption are analyzed in more detail. For other 
subcategories, only the main category is used. Under the “equipment” category, 
only laptops, LCD screens, Televisions, Copy Machines, Coffee Machines, Mer (& 
airco) and Ser (& airco) are subcategories which use enough electricity. For 
kitchen equipment and elevators, only the main categories are analyzed.  
 
Next to the large “equipment” category, there are two other large main 
categories. These are “air-conditioning and cooling” and “lighting”. In contrast to 
certain other countries, heating is done with gas instead of electricity. This is the 
reason why heating isn’t part of the main structure of this scheme. The “air-
conditioning and cooling” and “lighting” categories are far less extensive than the 
“equipment” category. Aarts [2012] has made a complete overview and detailed 
specification of each cooling-, conditioning- and ventilation unit. The author also 
gave a complete overview of all the light bulbs in the building. Because the 
authors specified their calculations within these categories, no detailed 
verification of this data is needed, using external data.   

 
Figure 18: Electricity consumption categories. 
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7.1 Laptops 

The first category to work out are laptops (figure 19). Research into the energy 
consumption of various types of laptops has indicated that they use about 1,4W 
in standby-mode, 30W when not intensely used (e.g. browsing, mail), 65W when 
the batteries are charging and the maximum consumption ranges between 65 
and 110W [Consumentenbond. 2013; MichaelBlueJay, 2012 & Own 
measurements, 2013]. The consumption of laptops in the office building during 
the day is determined by the following formula: 
 

                                          *(1-CUR)+APCT*CUR 
 
In this formula, CPT stands for “constant power consumption total” (figure 21). 
This is the average consumption of a laptop when an employee is outside the 
office. This factor is based upon the assumptions made in figure 20, and amounts 
to 4 W per laptop or 9.758 W in total. Cur stands for capacity utilization rate. This 
is the percentage of employees in the office. Finally, APCT stands for the “average 
power consumption during use total”. This is the average power a laptop is using 
running normal, non-heavy duty, office software. The effects of people putting 
their laptops in standby and the amount of laptops that are charging their 
batteries have been ruled out, as it turns to have very little effect on this factor. 
 

 Laptop energy consumption 

Standby-mode 1,4W 
Normal use in office 30 W 

Charging battery 65 W 
Maximum 65 – 110 W 
Figure 19: Laptop energy consumption. Source: Consumentenbond, 2013; MichaelBlueJay, 2012 & Own 

measurements, 2013. 

 

 Percentage of laptops after working hours 

Laptop not in the office 50% 
Laptop completely shut down 25% 

Laptop in standby mode 2,5% 

Laptop switched on 2,5% 

Laptop battery charging  
(first hours after working hours) 

20% 

Figure 20: Laptop status after working hours. Source: The university of Pennsylvania, 2013; Bray, 2006 & 

StandbyPower, 2013. 

 

Abbreviations  Unit 
CP Constant power consumption per device Watt 

CPT Constant power consumption total Watt 
APC Average power consumption during use per device Watt 

APCT Average power consumption during use total Watt 

MPC Maximum power consumption per device Watt 

MPCT Total maximum power consumption Watt 
Figure 21: Abbreviations used to determine the electricity consumption of office equipment during the day. 
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 Laptops 
Quantity 2380 

CP (W) 4 
CPT (W) 9.758 

APC (W) 30 
APCT (W) 71.400 

MPC (W) 65 

MPCT (W) 154.700 
Influencing factor Number of people in the office 

Annual Consumption (kWh) 170.500 
Figure 22: Overview used factors for Laptops. 

 
Figure 22 shows a complete overview of the factors used to determine the 
electricity consumption of laptops in the case building. Figure 23 shows what the 
electricity consumption of laptops on an average workday looks like. With the 
data presented in this chapter, the effects of changes in laptops or behaviour by 
the client organization of an ESCo, can be quantified. The information can be 
generalized by presenting the values per m2. Corrections for other client 
buildings can be made for the amount of employees that are working (using 
laptops) in the building. 
 
Finally, the unfounded assumptions of the report of Aarts [2012] are reviewed. 
The researchers assumed that laptops would consume 238.000 kWh per year. 
This analysis estimates the total annual consumption of laptops to be around 
170.500 kWh per year (2,5%). This means that the annual consumption of 
laptops will probably be far lower than estimated by Aarts [2012]. This newly 
calculated value will be used throughout this report. Appendix A shows the 
detailed values underlying this estimation. First the hourly consumption has 
been calculated, based upon the formula mentioned earlier. This is used to 
calculate the daily consumption. The annual consumption uses the assumption 
that the CUR is the same throughout the year. At the end, a correction has been 
made, assuming that an average Dutch employee has 26 days off or holidays 
annually.  
 
The difference with the estimation of Aarts [2012] is significant. However, the 
author might have used assumptions based upon different laptops. Logical APC 
factors for laptops would range between 20 W and 40 W, depending on the 
laptop performance, screen size and commonly used software. A logical range for 
the CP factor would be between 3 W and 6 W. The annual consumption would 
than come out between 120.000 and 250.000 kWh. Within this range, the 
assumptions of Aarts [2012] would be possible, although they seem quite high. 
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Figure 23: Electricity consumption of laptops in the case building on Monday 7-11-2011. Source: Aarts, 2012 & 

Own work, 2013. 

7.2 Monitors 

Aarts [2012] counted 1165 LCD-monitors in the case building. For determining 
the energy consumption profile and annual electricity consumption, the values 
mentioned in figure 24 are used. The same formula as used for laptops is applied 
to the LCD screens, using the values stated in figure 25 and 26. Figure 27 shows 
the electricity consumption of LCDs during a normal workday. Compared to 
laptops, the difference between the consumption after- and during working 
hours is far less. The electricity consumption of laptops is about 5 times larger 
during working hours, whereas the electricity consumption of LCDs is only about 
3 times larger during working hours. This indicates higher inefficiency, which is 
caused by various factors. First of all, all LCDs remain in the office after working 
hours, whereas a part of the laptops are taken home. Secondly, LCDs are using  
 

 LCD energy consumption 

Switched off 0,8W 
Standby-mode 1,8W 

Switched on 25 W 

Maximum 35 W 
Figure 24: LCD energy consumption. Source: Consumentenbond, 2013; MichaelBlueJay, 2012 & Nipkow, 2007. 

 

 Percentage of LCDs after working hours 
Switched off 35% 

Standby-mode 40% 
Switched on 25% 
Figure 25: LCD-screens status after working hours. Source: The university of Pennsylvania, 2013; Bray, 2006, 

StandbyPower, 2013, Nipkow, 2007. 
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 LCD-screens 

Quantity 1165 
CP (W) 7,3 

CPT (W) 8.505 

APC (W) 25 
APCT (W) 29.125 

MPC (W) 35 
MPCT (W) 40.775 

Influencing factor Number of people in the office 
Annual Consumption (kWh) 103.000 
Figure 26: Overview used factors for LCD-screens. 

 

 
Figure 27: Electricity consumption of LCD-screens in the case building on Monday 7-11-2011. Source: Aarts, 

2012 & Own work, 2013. 

 

 

less energy when they are in use than laptops, while they both use about the 
same amount of energy in standby-mode. Finally, LCDs are more likely to remain 
switched-on or left in standby-mode, compared to laptops [Nipkow et al., 2007].  
 
Finally, the assumption on the total annual consumption is reviewed. Aarts 
[2012] estimated the annual consumption to be 116.500 kWh (1,5%). The 
calculations, using the same method used for laptops, reveal that the annual 
consumption of LCDs in this building is probably around 103.000 kWh. Detailed 
values underlying this calculation can be found in Appendix B. A logical range for 
the electricity consumption of LCDs can be determined by using APCs ranging 
between 20W and 30W and CPs ranging between 5 W and 10 W, depending on 
the type and size of LCDs that are used. The annual consumption would than 
range between 80.000 kWh and 140.000 kWh. The estimation of Aarts [2012] 
finds well into this range, which means their assumption would be plausible as 
well. 
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7.3 Televisions 

In the case building, 146 televisions are present. Most of those televisions are 
LCD screens (132). The remaining televisions are plasma screens (14), which use 
more energy. The values stated in figures 28, 29 and 30 are used to determine 
the annual energy consumption and the electricity curve during a normal 
workday (figure 31). The gap between the energy consumption during working 
hours and after working hours is similar to the LCD screens. This relatively small 
gap is explained by the percentage of televisions which remain switched on after 
working hours [Nipkow et al., 2007].  
 

 Television energy consumption 

Switched off 1W 
Standby-mode 1W 

Switched on 175 W (LCD) & 270 W (Plasma) 
Figure 28: Televisions energy consumption. Source: Consumentenbond, 2013; MichaelBlueJay, 2012 & Nipkow, 

2007. 

 

 Percentage of Televisions after working hours 

Switched off or Standby 75% 
Switched on 25% 
Figure 29: Televisions status after working hours. Source: The university of Pennsylvania, 2013; Bray, 2006 & 

StandbyPower, 2013 & Nipkow, 2007. 

 

 Televisions 

Quantity 132 (LCD) & 14 (Plasma) 
CP (W) 45 (LCD) & 68 (Plasma) 

CPT (W) 6.030 (LCD) & 816 (Plasma) 
APC (W) 175 (LCD) & 270 (Plasma) 

APCT (W) 23.584 (LCD) & 3.240 (Plasma) 
MPC (W) 175 (LCD) & 270 (Plasma) 

MPCT (W) 23.584 (LCD) & 3.240 (Plasma) 

Influencing factor Number of people in the office 
Annual Consumption (kWh) 84.000 
Figure 30: Overview used factors for Televisions. 

 

The annual electricity consumption is estimated to be around 84.000 kWh 
(1,2%). Details of the calculations of this value can be found in appendix C. Aarts 
[2012] estimated the annual consumption to be around 59.000 kWh, which is far 
lower. However, the new carefully calculated values are used throughout the 
report, as Aarts [2012] doesn’t mention how their values are calculated. Finally, 
it is important to notice that the category “televisions” is becoming less 
important, as energy consumption declines rapidly over time. LCD screens, 
which are more common nowadays than plasma screens, already use far less 
energy. New televisions are often LED screens, which use even less energy than 
LCD screens. The estimates of Aarts [2012] fall outside the logical range of values 
(60.000 kWh – 105.000 kWh). These values are determined by using APC values 
ranging between 150W and 200W for LCDs and 250W to 320W for plasma 
screens. CP factors might range between 30W and 60W for LCDs and 55W to 
80W for plasma screens. These values mainly depend upon the size of the 
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screens, the age of the screens and the assumption of the amount of televions 
that will be switched off completely after working hours. Only when all 
televisions are switched off consequently after working hours, the annual 
consumption estimated by Aarts [2012] might become feasible.  
 
 

 
Figure 31: Electricity consumption of Televisions in the case building on Monday 7-11-2011. Source: Aarts, 2012 

& Own work, 2013. 

 

7.4 Coffee Machine 

Coffee machines are the fourth important electricity consuming class in an office 
building. Aarts [2012] counted 50 large coffee machines within the case building. 
The values stated in figure 32, 33 and 34 are used to calculate the annual 
consumption and the electricity profile (figure 35). The calculations are 
conducted in the same manner as the previous equipment categories, using the 
formula stated in paragraph 7.1.    
 
 Coffee Machines energy consumption 

Switched off 1W 

Standby-mode 40W 

In use 3000 W 
Figure 32: Coffee Machines energy consumption. Source: Consumentenbond, 2013; MichaelBlueJay, 2012 & 

Nipkow & Bush, 2007. 

 

 Percentage of Coffee Machines  
Standby 75% of the time 

In use 25% of the time 

After working hours Standby-mode 
Figure 33: Coffee Machine status during- and after working hours. Source: The university of Pennsylvania, 2013; 

Bray, 2006 & StandbyPower, 2013 & Nipkow & Bush, 2007. 
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 Coffee Machines 

Quantity 50 
CP (W) 40 

CPT (W) 2.000 

APC (W) 780 
APCT (W) 39.000 

MPC (W) 3.000 
MPCT (W) 150.000 

Influencing factor Number of people in the office 
Annual Consumption (kWh) 68.500 
Figure 34: Overview used factors for Coffee Machines. 

 

 
Figure 35: Electricity consumption of Coffee Machines in the case building on Monday 7-11-2011. Source: Aarts, 

2012 & Own work, 2013. 

 

The gap between the consumption during- and after working hours is large. This 
is explained by the fact that the difference in energy consumption while the 
coffee machine is used, and while the coffee machine is in standby-mode is very 
large. When the coffee machine isn’t used for a while, most coffee machines 
switch to a standby-mode automatically [Nipkow & Bush, 2007].  
 
The annual consumption of all coffee machines in the case buildings is estimated 
to be around 68.500 kWh (1%). Detailed calculations of this value can be found 
in appendix D. Aarts [2012] estimated the value to be slightly over 70.000 kWh. 
The value of Aarts [2012] falls perfectly within the logical range of possible 
outcomes (60.000 kWh – 80.000 kWh), determined by using APC values between 
680W and 880W and CP values ranging between 30W and 50W.  

7.5 Copy Machine 

Another important subclass in terms of electricity consumption are the copy 
machines. Aarts [2012] found 74 copy machines in the case building. In order to 
verify the annual consumption and construct a electricity load profile, the 
assumptions stated in figure 36, 37 and 38 are used. The load profile (figure 39) 
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reveals, just like with the coffee machines, that the gap between the consumption 
during office hours and after office hours is quite large. The explanation is the 
same: the difference between the consumption when using an office machine, 
and the consumption during sleep-mode is big. Copy machines normally go into 
sleep-mode automatically after a certain time.   
 

 Copy Machines energy consumption 
Switched off 1W 

Sleep-mode 7,6W 
Savings-mode 77 W 

Standby-mode 155 W 

In use 835 W 
Figure 36: Coffee Machines energy consumption. Source: Consumentenbond, 2013; MichaelBlueJay, 2012 & 

Own measurements, 2013. 

 

 Percentage of Copy Machines  

Sleep-mode/switched off 0% of the time 
Standby-mode 25% of the time 

Savings-mode 50% of the time 

In use 25% of the time 
After working hours Sleep-mode 
Figure 37: Copy Machine status during- and after working hours. Source: The university of Pennsylvania, 2013; 

Bray, 2006 & StandbyPower, 2013. 

 

 Copy Machines 
Quantity 74 

CP (W) 8 
CPT (W) 562 

APC (W) 306 

APCT (W) 22.644 
MPC (W) 2.000 

MPCT (W) 148.000 
Influencing factor Number of people in the office 

Annual Consumption (kWh) 35.500 
Figure 38: Overview used factors for Copy Machines. 
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Figure 39: Electricity consumption of Coffee Machines in the case building on Monday 7-11-2011. Source: Aarts, 

2012 & Own work, 2013. 

 

The annual consumption is estimated to be 35.500 kWh (0,6%). More detailed 
calculations can be found in appendix E. Aarts [2012] assumed the annual 
consumption would be about 65.500 kWh, which is far higher. The estimates 
even fall out of the calculated logical range (25.000 kWh – 50.000 kWh). This 
range is determined by using APC values between 200W and 400W and CP 
values ranging between 5W and 10W. An explanation for this big difference in 
estimates might be that the copy machines in the case building are either fairly 
old, which could mean that the machines do not automatically go into sleep-
mode, or the machines in the office building might all be fairly big, which means 
they use up a lot more energy. Because no specifications about the copy 
machines in this building are given, the exact reason remains unknown. 
Throughout the report, the newly calculated values will be used. 

7.6 Kitchen equipment 

Kitchen equipment is a electricity consuming category which contains 33 
subcategories. These subcategories are all responsible for a small portion of the 
total electricity consumption, but “kitchen equipment” in total is responsible for 
about 134.000 kWh (2%). More detailed information about each subcategory can 
be found in appendix F. Figure 40 indicates the electricity consumption of 
kitchen equipment during a normal workday. Compared to the previous 
equipment types, kitchen equipment has a whimsical electricity pattern. This can 
be explained due to the very high electricity consumption of certain 
subcategories when in use. Furthermore, this equipment is only used for a very 
limited amount of time. First of all, a peak in the electricity consumption can be 
seen around lunchtime. Other peaks are explained by the use of large electricity 
consuming equipment types, like dishwashers after lunch and dinner time. 
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Figure 40: Electricity consumption of Kitchen Equipment in the case building on Monday 7-11-2011. Source: 

Aarts, 2012 & Own work, 2013. 

 

7.7 MER/SER 

Another important category are the MER and SER and the decentralized air-
conditioning used for cooling the MER- and SER-rooms. The MER- and SER-
rooms are responsible for an electricity consumption of 558.500 kWh (8%).  The 
air-conditioning supporting these rooms is responsible for 284.000 kWh (4,1%). 
Just like the kitchen equipment, the specific equipment is reported in detail by 
Aarts [2012]. The load profile is very stable over time, as the MER- and SER-
rooms equipment keeps on running (and cooling) constantly. Appendix G shows 
more information about the individual elements within this category. 

7.8 Elevators 

The case buildings contains 19 elevators and 2 escalators. These are responsible 
for an electricity consumption of 242.000 kWh (3,5%). The consumption line, as 
depicted in figure 41, shows a very typical pattern. Elevators use far more energy 
when in use, which makes that the energy consumption peaks strongly 
correlates to the number of people entering and leaving the building. On the 
other hand, elevators are known to consume a lot of energy in standby-mode 
[Nipkow & Schalcher, 2006]. Commonly used elevators use about 50% of their 
energy when they are not in use. This makes elevators an important target for 
EEM. Appendix H shows more information about the build-up in this category. 
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Figure 41: Electricity consumption of elevators in the case building on Monday 7-11-2011. Source: Aarts, 2012 & 

Own work, 2013. 

 

7.9 Lighting 

Aarts [2012] made a very detailed overview of all the light bulbs in the case 
building and the estimated burning hours for each light bulb. Therefore, it was 
easier to construct a electricity curve for lighting in the building (figure 42). The 
electricity consumption after working hours remains high, because outdoor 
lighting remains on to increase the social safety and to show advertising. Indoor 
lighting is turned on over the course of the working day, although some lights are 
switched off when the sun comes up. Therefore, some peeks can be seen around 
the beginning and the end of the working day. The curve will look slightly 
different during summer days. In total, lighting uses about 1.735.000 kWh per 
year (25%). Appendix I shows a part of the detailed information that is used to 
construct the graph depicted in 42. Because lighting is responsible for a large 
portion of the total consumption, lighting is an important target for EEM.  
 

 
Figure 42: Electricity consumption of lighting in the case building on Monday 7-11-2011. Source: Aarts, 2012 & 

Own work, 2013. 
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7.10 Air-conditioning, cooling and ventilation 

The final important electricity consuming category is air-conditioning, cooling 
and ventilation. This category is responsible for 3.414.000 kWh of electricity 
consumption per year (49%). Figure 43 shows what the electricity consumption 
of this category looks like. It is important to notice that for the (H)VAC 
equipment, no detailed analysis in its working is conducted, in contrast to the 
equipment types mentioned in previous paragraphs. This graph is constructed, 
based upon the difference between the measured total hourly energy 
consumption and the electricity consumption already explained by the other 
equipment types. The reason why (H)VAC gets less attention in this report, is 
because it is a factor which is barely influenced by client organizational changes. 
Only the difference between the consumption during the day and after office 
hours Is used to calculate the effect of lengthening the opening hours of the 
building. (H)VAC will use most electricity during warm summer days. Figure 43 
is constructed for a cold November day. The consumption is fairly stable 
throughout the day. Furthermore, the pattern is strongly related to the opening 
hours of the building. Most installations keep running after opening hours, as the 
building is still in use by cleaning personnel till about 23:00. At night, certain 
installations keep on running. Part of these installations only shuts down in the 
weekends, while others are running permanently. Reasons can vary from 
difficulties in programming, to the time an installation needs to condition the air 
properly. Appendix J shows more detailed information about the electricity 
consumption of the various installations in this category.  
 

 
Figure 43: Electricity consumption of air-conditioning, cooling & ventilation in the case building on Monday 7-

11-2011. Source: Aarts, 2012 & Own work, 2013. 

 

7.11 Remaining 

The small remaining categories are responsible for about 6% of the total 
electricity consumption. These are, among others, desk lamps, paper shredders, 
surveillance equipment, softdrink- and candy machines, water coolers, cell 
phone cargers, bank equipment, a coldroom, a nobreak installation, pond pumps 
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and heating installations. It is important, when starting an EPC, to review 
whether uncommon, high energy consuming equipment is present. 
 

7.12 Conclusions 

Figure 44 gives an overview of the most important findings of this chapter. First 
of all, it gives an overview of the annual electricity use of the most important 
electricity consuming categories in an office building. In order to generalize the 
findings, these values are translated into the electricity use per m2. With these 
values, an ESCo can determine how the electricity bill of particular office building 
is built-up. The final column shows the percentage of electricity which is used 
after office hours for each equipment type. The MER- & SER rooms are using 
most of their energy after office hours, as the servers and cooling of these rooms 
keeps running continuously. Another important group are screens and 
televisions, using almost half of their electricity after office hours. This can be 
explained by the relatively high consumption in standby-mode, compared to the 
electricity consumption during use. The difference is far smaller for screens as it 
is for laptops for example. Another important explanation is that screens and 
televisions all remain in the office after office hours, in contrast to laptops. 
Therefore, a larger percentage of these equipment types remains in standby 
mode, or even remains switched on, after working hours.  
 
 Annual electricity 

use (kWh) 
Annual electricity 

use per m2 
(kWh/m2) 

Percentage of 
electricity used 

after office hours 
Laptops 170.500 3,38 33% 
Screens 103.000 2,04 47% 

Televisions 84.000 1,66 47% 
Coffee Machines 68.500 1,36 17% 
Copy Machines 35.500 0,71 9% 

Kitchen Equipment 134.000 2,65 29% 
MER & SER 558.500 11,06 66% 

Airco MER & SER 284.000 5,62 66% 
Elevators 242.000 4,79 32% 
Lighting 1.735.000 34,35 25% 
(H)VAC 3.414.000 67,6 23% 

Figure 44: Overview of the most important findings of chaper 7. 

 

Elevators are also known as a very inefficient energy consuming equipment type. 
They use about one third of their annual electricity consumption after office 
hours. However, their total annual consumption while in standby mode is about 
50%, as the elevators are not constantly in use during office hours as well.  
Coffee- and, especially, copy machines are more efficient equipment types. This 
has got to do with the large difference in electricity consumption of these 
equipment types while in use, compared to the electricity consumption in sleep- 
or standby mode. The electricity consumption of these equipment types while in 
sleep- or standby mode is far lower, than it is for elevators for example. The last 
column of figure 44 can be used as an indicator for finding new EEM.  



61 

 

8.    Case study 
In this chapter, the individual categories as discussed in the previous chapter are 
combined to answer the sub question “How is the electricity bill of a typical 
Dutch office building build-up?”. Furthermore, values are expressed in W/m2, in 
order to be able to generalize the data and give readers the opportunity to easily 
compare values with other cases. The ultimate goal of this analysis is to get a feel 
for the scale and, in terms of percentage, the contribution every class or 
equipment type has to the total electricity consumption. Additionally, it is 
important to get a feel about how these contributions change at different points 
in time (e.g. daytime/night time, high temperatures/winter time etc.). These 
findings are combined with the data presented in chapter 7 in order to construct 
the final tools presented in chapter 9.  
 
First of all, using the classification made in the previous chapter (figure 18), the 
annual electricity consumption is divided (figure 45). Figure 46 shows the actual 
values per m2. In that graph, the category “equipment total” refers to the 
equipment category in figure 18, and contains basically all electricity consumers 
in the office building, except for HVAC installations and lighting.  
 

 
Figure 45: Electricity consumption division Case building. 

 
The biggest category is the air-conditioning, cooling and ventilation (47%, 62,6 
kWh/m2). This electricity consumption is generated by a limited amount of 
central installations and is mainly effected by the outdoor temperature and the 
opening hours of the building. The second category is lighting (24%, 41,6 
kWh/m2). This category is also closely related to opening hours, but also to the 
sunrise and sunset times. Although most indoor lighting is switched on 
continuously during opening hours, outdoor lighting is switched on for more 
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hours during the winter. All other categories are part of the large “equipment” 
category (29%, 41,6 kWh/m2). Except for the MER and SER categories, which are 
running continuously, all the subcategories are mainly affected by the number of 
people that are working in the office.   
 

 
Figure 46: Electricity consumption per m2 per year Case building. 

 
Figure 47 shows the electricity consumption in Wh/m2 in the case building over 
the course of the week. During working hours, the electricity consumption is 
about 26 Wh/m2. When the building is closed, the consumption is about 8 
Wh/m2. After working hours, the biggest consumers are: (H)VAC installations 
(35%, 2,8 Wh/m2), lighting (20%, 1,6Wh/m2), MER/SER with its cooling (25%, 
1,9 Wh/m2) and other equipment (20%, 1,6 Wh/m2). Furthermore, it is 
interesting to see that the electricity consumption remains very high until 22:00 
on working days, while the building closes hours earlier. Later on, the BSP found 
that this is explained by the cleaning of the building after opening hours. Most 
(H)VAC installations and lighting remained switched on until the building was 
cleaned [P.A. Elkhuizen, personal communication, 2013]. Finally, the electricity 
consumption is higher at Saturday, because a part of the office building is 
opened.   
 

 
Figure 47: Electricity consumption at a typical week in Case building. 

 
Figure 48 and 49 show the difference between the build-up of the electricity 
consumption between a normal day, with temperatures lower than 15 degrees 
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Celsius, and a hot day when the temperatures rise above 30 degrees Celsius. On 
cooler days, during working hours, (H)VAC, lighting and equipment each use 
about one third of the total electricity consumption. After working hours, (H)VAC 
and equipment use about 40%, while lighting uses about 20% of the total 
electricity consumption. On hot days, the consumption for lighting and 
equipment remains roughly the same, while the consumption of (H)VAC can 
triple during working hours and almost double after working hours. Because of 
the high impact of cooling upon the electricity consumption in the summer, and 
the high impact of heating upon the gas consumption in the winter, it is common 
practice that ESCos incorporate a correction for degree days. 
 

 
Figure 48: Electricity consumption division in case building on 7-11-2011. 

 

 
Figure 49: Electricity consumption division in case building on 28-6-2011. 

 
Figure 50 shows the detailed division amongst the different electricity 
consuming types in various scenarios, denoted in Wh/m2. The light blue line in 
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the graph indicates the connected load. This is the maximum electricity 
consumption the building is allowed to use, without getting financial penalties 
from its network administrator. It is always important to check whether this 
connected load is set adequately, as it also determines the fixed costs the 
building owner has to pay at the network administrator. Peak consumption in 
office buildings takes place on hot days when cooling equipment is running at 
maximum capacity. In practice, this also means that the connected load can be 
determined using the maximum capacity of the cooling equipment.  
 

 
Figure 50: Electricity consumption division in different scenarios.  
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9.    Presentation tools 
In this chapter three tools will be presented which form the answers to the final 
sub questions and the main research question. These tools are based upon the 
findings of chapter 7 and 8. First of all, two ways to compare the energy 
performance of office buildings are presented. These methods can be used to 
benchmark different buildings in the portfolio. However, the main goal of these 
tools is to monitor the performance of a building quickly and easily over time. 
Furthermore, these tools can reveal certain inefficiencies in the electricity 
consumption. The tools have the same goal, but structure data in a different way. 
For this reason, the tools can reveal different energy inefficiencies. These 
benchmark tools are based upon insights gained in chapter 7 and 8, combined 
with methods used in existing literature.   
 
Secondly, a model is presented which quantifies the influence of certain 
organizational changes to the electricity consumption of an office building. This 
model classifies the changes based upon their impact on the electricity bill. The 
model should be used before an EPC is started, in order to make proper 
agreements between the ESCo and the client. Finally, the chapter will conclude 
with an advise for ESCos which processes or equipment types need to be 
monitored, what impacts of organizational changes should be allocated and what 
risks are so small that they can be part of the performance risk for the ESCo. 

9.1 Benchmark tool 1: Electricity Frequency Benchmark 

The first benchmark tool, called Electricity Frequency Benchmark (EFB), is 
copied from an analysis conducted by Frosini & Anglani [2006], who studied the 
electricity consumption of an industrial customer of an ESCo. They analysed the 
electricity consumption of the client by creating a histogram of the hourly 
electricity consumption data. After doing so, they linked the various business 
cycles of the industrial customer to the histogram. The same approach can be 
applied to an office building. The histogram of the hourly electricity consumption 
data of the case building is depicted in figure 51. In terms of electricity 
consumption, the office building can be divided into 6 distinct categories. Figure 
52 defines the ranges for each category and translates the ranges into Wh/m2 so 
they can be compared to other buildings. The energy efficiency of a building can 
be tested in several ways. An important indicator is category A, which shows the 
electricity consumption when the building is closed. The lower this value (after 
corrections for exceptional situations like vacancy rates), the more energy 
efficient the building is. Another important indicator is category F, which shows 
the amount of hours at which the building is using a lot of electricity due to 
cooling. In a certain area, this amount should be about equal for each office 
building. When the amount of hours in the extreme category doesn’t match the 
amount of hours at which there are extreme temperatures measured, there is 
probably something wrong with the cooling installations. In that case, the 
building is underperforming and the ESCo should take measures in order to 
prevent a higher energy bill than expected. The other categories can be checked 
for irregularities in a similar manner, by defining the amount of hours in each 
category and comparing them with the bin frequencies of the histogram.  
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Figure 51: Histogram hourly electricity consumption Case building. 

 

 
Figure 52: Electricity consumption benchmark values per consumption category. 

 

9.2 Benchmark tool 2: User Supporting Benchmark 

The second method for benchmarking the performance of the office building is 
by plotting the electricity consumption by the number of employees in the office. 
This benchmark tool is called User Supporting Benchmark (USB). An example for 
the case building is given in figure 53. The steepness of the line, and the point of 
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intersection of this line with the y-axis indicate the energy efficiency 
performance of the building. The thought behind this benchmark tool is that the 
processes that use electricity are there to facilitate the work of the employees. 
The method is not based upon other literature studies, but follows the findings in 
chapter 7. These findings in figure 44 for example, indicate that a significant 
amount of energy is used by all types of office equipment, while not facilitating 
the work of the employees.  
 
When this method is conducted on a regular basis, the ESCo can monitor the 
energy performance of the building easily. When the steepness of the line would 
decrease, it means that more processes have taken place which use energy, but 
did not facilitate the users of the building. Examples are (H)VAC installations 
which are not functioning properly, lighting which remains switched on after 
employees leave the building or new equipment which doesn’t switch to 
standby-mode quickly after its being used.  
 
Finally, it is easy to benchmark the buildings in the ESCos portfolio, by 
comparing the amount of consumption increase per employee. In the case 
building, this value is 157W per employee. The downside of this method is that 
the ESCo needs to invest in aquiring CUR-data on a regular basis.   
 

 
Figure 53: Electricity consumption by number of employees in the office. 

 

9.3 ESCo client organizational changes influence model 

Based upon the analysis conducted in chapter 7 and 8, eleven client 
organizational changes scenarios, which have a significant effect upon the 
electricity consumption, have been defined. These scenarios are not based upon 
other literature studies. There might be more, or other, scenarios which have a 
large impact in some cases. These scenarios are constructed, based upon the 
identification of large electricity consuming equipment in chapter 7. This 
information is combined with trends and common changes in Dutch office 
buildings, to come to the following scenarios: 
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1. Opening hours of the building are increased by 1 hour per day. 
2. The number of employees working in the building increases with 15%. 
3. Due to the implementation new working concepts, the capacity utilization 

rate (CUR) increases with 8%. 
4. For social safety, outdoor lighting capacity at night is increased with 25%. 
5. MER/SER cooling capacity is increased with 25%. 
6. MER/SER capacity is increased with 25%. 
7. Laptops are changed for models with better performance, using 15% 

more energy. 
8. LCD screens are changed for LED screens, using 40% less energy. 
9. Televisions are changed for LED televisions, using 40% less energy. 
10. Elevators are changed for models that use 50% less energy in standby-

mode. 
11. The vacancy-rate increases with 20%. 

 
The scenarios are based upon changes which strongly effect the largest 
electricity consuming equipment and installations. Furthermore, they are based 
upon current trends and organizational changes that occur frequently. The first 
seven scenarios result into an increase in the energy costs, which results into a 
performance risk for the ESCo. The final four scenarios result into a decrease in 
the energy costs, which results into unnecessary costs for the client organization 
in an ESCo construction. This is caused by the fact that ESCos often receive a 
premium, when energy reductions exceed expectations. However, all scenarios 
have in common that they have an impact upon the parties in the EPC, while this 
impact isn’t the result of the ESCo.  
 
Figure 54 shows the dashboard of the model which calculates the influence of 
each scenario upon the energy costs of the office building. The model allows to 
easily change the quantity of the scenarios, for example when new laptops use 
20% more energy instead of 15%. An important fundamental idea behind the 
model is that it can be used with only a very limited amount of knowledge about 
the client building. Only the annual electricity consumption, the electricity price, 
the number of employees working in the building and the gross floor area (GFA) 
are needed as input variables. The formulas which calculate the impact of each 
scenario are based upon the analysis of the case building in chapter 7 and 8. 
When more detailed information about the building is available, the model 
allows the user to change certain underlying factors to further specify the 
outcomes of the calculations. 
 
Figure 55 indicates the sensitivity of the electricity costs to each scenario. An 
increase in vacancy rate has the largest impact on the electricity bill. Next to the 
high sensitivity, the vacancy rate can increase suddenly and with a large 
percentage, when a tenant decides to move or goes bankrupt.   
 
After the vacancy rate, the opening hours, number of employees and change in 
CUR also have a significant impact. However, in contrast to the vacancy rate, the 
changes in these scenarios are usually smaller. For example, when a tenant 
moves out, it can easily result into a vacancy rate of 30%, while it is unlikely that 
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the number of employees in the building would increase with 30% (unless the 
building wasn’t fully rented at the beginning of the EPC).  
 

 
Figure 54: Dashboard of client organizational changes influence model. 
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Figure 55: electricity costs sensitivity to various scenarios.  

 
The impacts of changes in different equipment and lighting upon the electricity 
bill are smaller, but just like with the vacancy rate, the increase or decrease can 
be very large. For example, with the increasing digitalization of activities, it is 
common practice that server capacities are increased significantly. An increase of 
30% in the case building leads to an increase of the electricity bill of more than 
€20.000 per year. The impact on a long-term contract from certain measures can 
be huge. Therefore, it is recommended that an ESCo checks per EPC what the 
performance risks for each scenario are. When this is known, the ESCo can 
propose certain compensation factors when certain changes occur,  thereby 
limiting performance risks for the ESCo and financial risks for the client 
organization.  
 
Compensating for certain scenarios in the contract means that the client 
organization has to inform the ESCo when certain changes are about to happen. 
The ESCo needs to calculate, measure or estimate the impact of the given 
scenario, which leads to a correction or compensation in the ongoing EPC. Both 
parties benefit from this practice. For ESCos, the EPC is easier to manage and the 
projected results of the EPC become more reliable. The client organization 
benefits, as it prevents the risk of paying an additional bonus to the ESCo, in case 
the electricity bill lowers due to changes that are not implemented by the ESCo. It 
is recommended that an ESCo also compensates for scenarios that can be 
financial beneficial for them, like the increase in vacancy rate. Although it could 
lead to an unexpected bonus, it also strengthens existing barriers for the 
development of the ESCo market. Furthermore, as mentioned in chapter 4, 
clients feel the EPCs are often written in a way, favouring the ESCo. 
Incorporating, and even stressing out, that scenarios benefitting the client 
organization are also incorporated in the contract can help lowering this barrier. 
 
For the case building, it is recommended to compensate for all major scenarios 
within the EPC. These include vacancy rate, changes in the number of employees, 
changes in CUR due to new working concepts and changes in MER/SER capacity. 
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The other scenarios can either be discarded or they can be used as an 
opportunity for the ESCo. For example, the ESCo might propose to change the 
existing LCD monitors for LED monitors as part of their investments in the EPC.   
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10.    Conclusions and recommendations 

The benchmark tools developed in this research are good indicators of the 
energy performance of an office building. By using these tools, buildings can not 
only be monitored individually and compared with each other, but the energy 
inefficiency can also sometimes be resolved to a certain equipment type. 
Required input variables are the hourly electricity consumption data and a 
comprehensive set of the number of employees that are working in the building 
at certain hours of the day. The former data is readily available for large Dutch 
office buildings. The latter can be acquired in various ways. When there are no 
options to determine the number of employees at work with a client 
organization in an automated manner, it will be sufficient to count the number of 
employees for about 25 set times a year. 
 
The risk model indicates what the effects of certain organizational changes by 
the client have on the business case for the ESCo. By changing just a handful of 
parameters for each new case, an ESCo can quickly scan the risks before closing a 
deal. The ESCo can decide what risks it is going to monitor or what agreements it 
wants to put into the contract. For example, the ESCo might demand that the 
client reports when the opening hours of the building are changed. The 
consequences of this measure in terms of energy consumption will be calculated 
and the financial effects will be redistributed. When this is done consequently, 
the energy performance contract doesn’t restrain clients to change their 
organization over time. Furthermore, it lowers the performance risks for ESCos, 
which are two of the most commonly mentioned barriers for the ESCo market. It 
is also important to discuss the scenarios that could benefit the ESCo as well, 
such as vacancy rates. When an ESCo makes sure the client organization doesn’t 
risk paying an additional fee when vacancy occurs, the clients might feel like the 
contract is more balanced and doesn’t just favour the ESCo. 
 
Another major aspect of the barriers that are targeted in this research, is the 
difference in risk portrayal as discussed in paragraph 4.2 and depicted in figure 
11. Energy managers and investment managers don’t seem to speak the same 
language when it comes to assessing risks. Figure 56 indicates what the tools 
developed in this research do. The risk model gives the ESCo the opportunity to 
define a range of possible outcomes like Lee [2013] did (see chapter 4). When 
the range (or performance risk) is too large, the ESCo can decide to compensate 
for multiple scenarios and recalculate the new range. The consequence of 
compensating for more scenarios is that both risk and return in graph 56 
decrease, By testing the effect of compensating for various combinations of 
scenarios, an optimal risk/return ratio can be constructed. The constructed 
benchmark tools help the ESCo narrowing the range of possible outcomes during 
the EPC, in order to increase the change that the portrayed savings at the start of 
the EPC are met.  
 
The main research question was: “what indicators can be used in order to 
manage and allocate the performance risks for an ESCo, for the electricity bill of 
Dutch office buildings, raised by changes in the client organization?” 
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Figure 56: Risk portrayal energy services. Source: Mills et al., 2006.  

 
This research question can be answered by the conducted research. First of all, 
both the benchmark tools and the risk model help in allocating or managing the 
performance risks of an ESCo. The risk model can be used as a basis to go even 
one step further: actually quantifying the performance risks for an ESCo. 
Secondly, direct indicators for managing performance risks for ESCos are 
translated into the benchmark tools. Indicators that are needed to properly 
manage an ESCo over time are the hourly electricity consumption and a 
measurement  of the capacity utilization rate (CUR) on a regular basis. Indicators 
for allocating the risk before starting an EPC by the use of the risk model are the 
four parameters which need to be filled out in this tool. These are: the annual 
electricity consumption, the electricity price, the number of employees working 
in the building and the size of the building (GFA).  
 
Next to answering the main research question, a lot of useful information about 
the built-up of the electricity bill of large office buildings is found. These findings 
are mainly reported in chapter 7 and can be used to find new energy efficiency 
measures (EEM) or to underline the importance of already implemented EEM.  

10.1 Recommendations for further research 

There are various ways in which this research can be complemented or 
extended. Recommendations for further research are, among others: 
 
 Use electricity consumption data from other office buildings in order to test 

how effective the benchmark tools are in practice and whether they need to 
be fine-tuned.  
 

 Conducting a research into the legal issues of EPC and how the scenarios, as 
stated in this research, can be practically implemented in the contract. 
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 Reviewing and adjusting the scenarios model with data based on sub-

metering in other office buildings. 
 

 Research in lowering other commonly mentioned barriers, like financing 
ESCos and closing the gap between energy managers and investment 
managers. 

 
 Try to set up similar tools for small office buildings. 
 
 Conduct a similar assessment of the electricity consumption in other high 

potential markets for ESCos, like schools and hospitals. 
 
 Actually test the risk model for an actual case, in combination with a monte 

carlo simulation, in order to find the optimal risk/return ratio for the case. 
 

10.2 Process Evaluation 

As mentioned briefly in the second chapter, it is very hard to obtain detailed data 
about energy consumption in the built environment. In the Netherlands, for large 
office buildings, the energy consumption is measured on an hourly basis. 
However, it might be very hard and costly to currently obtain this data. Usually, 
only the building owner is allowed to retrieve this information, which can make 
it hard for independent researchers to obtain. Furthermore, only hourly 
electricity data isn’t sufficient to find the end-use of the electricity. Detailed 
information about the installed equipment within a building is needed, which is 
very rare. Sub-metering might be an alternative for finding electricity end-use, 
but is generally very expensive and time consuming. In the future, NILM meters 
might offer an opportunity to get more detailed insight in the electricity end-use 
in office buildings.  
 
Getting information about the built-up of the electricity bill was essential in 
order to construct the scenarios for the risk model. The risk model isn’t a tool 
which perfectly predicts the impacts of certain scenarios. The aim of the model is 
to roughly indicate the performance risks for each scenario, in order to prevent 
large deviations on the portrayed energy savings. An important aspect of all the 
tools is that only a limited amount of input variables are needed. Most energy 
calculated based models require lots of input variables, which in practice are 
often unknown. It is recommended that this requirement is kept in mind when 
further research is conducted, in order to keep a certain practical relevance.  
 
Acquiring sufficient data was a hard process. This has led, among others, to a 
large delay in the research. At first, there was a plan to set up a sub-metering 
pilot in various office buildings. Due to various reasons, this pilot project failed. It 
took a lot of time to find a new way of collecting the necessary data and the 
rewrite the report in a way this data can be used to draw decent conclusions. In 
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the end, both the author and the BSP are satisfied with the result, which has both  
practical as scientific relevance.  
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Appendix A: Laptops 

 
 

 



84 

 

Appendix B: LCDs 
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Appendix C: Televisions 
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Appendix D: Coffee Machines 
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Appendix E: Copy Machines 
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Appendix F: Kitchen Equipment 
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Appendix G: MER & SER 
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Appendix H: Elevators 
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Appendix I: Lighting 
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Appendix J: Air-conditioning 

 


