
 

Master of Science Thesis 
KTH School of Industrial Engineering and Management 

Energy Technology EGI-2012-003MSC 
Division of ETT 

SE-100 44  STOCKHOLM 
 

 

 

 

 

 

 

Conducting electricity survey for an existing 
facility – a systematic approach 

 

 

Erik Malm 
 

 

 

 

 

 

 



 

-2- 
 

 

 

 

 

 Master of Science Thesis EGI 2012:003MSC 

 

Conducting electricity survey for an existing 
facility – A systematic approach 

 

   

  Erik Malm 

 

Approved 

2011 12 22 

Examiner 

Joachim Claesson 

Supervisor 

Jörgen Wallin 

 Commissioner 

SAAB AB 

Contact person 

Hans-Erik Hjelm 

 

Abstract 
For a sustainable future it is important to use Earth’s resources efficiently. One way of doing this is to 
reduce the energy use in buildings. For the end user, increased energy efficiency will also lead to 
economical benefits from reduced energy costs. The facility management of Saab AB in Järfälla expressed 
a concern regarding the electricity consumption during night in their facility. The question arose why the 
power draw during night was at its current level. Answering this question would increase the 
management’s understanding of the energy systems and if there are measures to implement increasing the 
facility’s energy efficiency. An outline for a systematic electricity survey was made inspired by audits 
developed by ASHRAE and the Swedish energy agency. The scope developed for the survey was set to 
only investigate one building, but doing this thoroughly. After measuring supplied power to the buildings 
on the compound systematically, one building was selected as the subject for the continued survey.  

The different energy systems of the building was identified and investigated, such as chillers, pumps, 
computers and lighting. Using both data loggers and electrical testing equipment the different systems 
were measured either over time or momentarily. The power draw for each of the systems was estimated 
using measurements, calculations, interviews and assumptions. The power draw during night for each 
system identified was presented both numerically in tables and as fractions of the total building electricity 
use in charts. It was found that the cooling related systems constituted over 40% of the power draw at 
night, and computer related activity was roughly 29%. This is due to the high amount of computer activity 
during night generating huge amount of heat that needs to be rejected via several cooling systems. 
Regulatory issues were found on cooling systems and the lighting control strategy causes high lighting 
levels during night. The occupancy hours were found to deviate from the defined hours in data charts, 
causing ventilation not to operate according to occupancy. Several measures were suggested to reduce the 
electricity use during night, ranging from increased maintenance and revising control systems to more 
capital intensive measures such as variable speed drive for pumps and chillers.  
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1 Introduction 
Energy is used daily and in many different sectors such as industrial, residential, transport etc. Energy in 
different forms for example chemical energy bound in the food we consume, gasoline for the cars we 
drive, and electricity used for almost any purpose is appreciated and paid for by the end-user. The global 
energy situation has been in discussion for a long time, and with the increase in environmental awareness 
and renewable sources of energy, this debate is still going strong. One of the important aspects in the 
debate is how we can decrease our immense dependence on energy. For a sustainable future to be 
possible, it is important to use all available resources as efficiently as possible; therefore reducing our 
energy use and consumption of electricity is very important. More so as reducing the energy use in 
numerous sectors can be done in most cases without any change in environment, production, life quality 
or effectiveness. 

Reducing the energy use is not only beneficial from an environmental standpoint, it has an economical 
potential that has the possibility to reduce cost for the user. Reducing electricity consumption is a good 
way to reduce the effects of increasing electricity prices, and improve economy in general. Increasing 
energy efficiency is therefore beneficial and has become a new service offered by many companies.  

There are many ways to improve energy efficiency, one of which is to perform surveys and audits. In 
order to perform a good survey for a facility or a number of facilities, it is important to utilize a systematic 
approach. By doing this the survey can be reused and hopefully help to sustain the energy efficiency of the 
survey object.  

For this project contact has been taken with the company Saab AB, which has a facility in Järfälla North 
of Stockholm. Facility management has expressed a concern over the site energy use and the electricity 
consumption during night in particular. By investigating the electricity consumption and clarify the cause, 
it will give facility management more knowledge on why the electricity consumption is at it’s current level.  
In line with this investigation there is also a possible potential of reducing the electricity consumption and 
thus reducing the electricity costs. 
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1.1 Company presentation and overview 
Svenska Aeroplan Aktiebolaget (Saab AB) was founded in 1937 to meet the need of a military aircraft 
industry in Sweden. Since the company formation it has been the dominant aircraft supplier to the 
Swedish air force and still is to this date. The production of military aircraft also led the company into new 
and different business areas such as commercial aircrafts, automobiles, trucks and buses through the 
merging of Saab and Scania. (Saab AB, 2011) 

In 1990 the automotive part of Saab was sold to GM and in 1995 Scania and Saab demerged. The Swedish 
defence group Celsius was acquired by Saab in 2000 and with this acquisition Saab became the dominating 
defence and security company in Scandinavia. (Saab AB, 2011) 

Saab AB has several facilities globally and many of them in different parts of Sweden. The largest 
company site is located in Linköping where the aircraft 39 Gripen is manufactured. Linköping is also the 
city where the company was first situated after its formation.  

The facilities in Järfälla (North West of Stockholm) formerly belonged to the defence group Celsius until 
the year 2000 (Saab AB, 2011). The buildings on the compound have been divided into four main building 
groups, A, B, C and D and this notation will be used to describe the different buildings. Building A was 
built in 1968, B in 1975, C in 1980 and D were built in 1990 and the entrance (between B and C) was built 
in 1994. The different buildings house a variety of companies in the Saab Group, and therefore the 
activities range from computer related activities to some production and manufacturing. The total floor 
area of the compound is roughly 80 000 m2. The location of the buildings on the compound can be seen 
in Picture 1 and Figure 1. 

 
Picture 1: Photo of the compound (Eniro. 2011). 
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Figure 1: Schematic figure of the compound with the different buildings marked out in colors. 

 

A   B   C   D 
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1.2 Problem definition 
The facility in Järfälla has a yearly electricity consumption of over 15 000 MWh supplied by Vattenfall AB. 
The supplied power level does not vary a lot during the year and is roughly the same case for all the 
months of the year with only small variations (see Chart 1). Obviously this constitutes a large cost for the 
facility management. With increasing electricity prices and environmental awareness it is important not use 
more electricity than necessary.  

When comparing this data to other Saab Group facilities, the relative power draw during night in Järfälla is 
higher compared to the other facilities, according to facility management. The facility in Järfälla has a 
power draw at night of roughly half the levels during day (see Chart 2). Therefore the definition of the 
problem the facility management faces and wants to address is: 

• Why is the electricity power draw at nights and weekends at the current level? 

When this main question has been answered, it will be possible to discuss other questions closely related 
to the problem, mainly: 

• Which non-behavioral related measures can be taken in order to reduce the electricity power draw 
during nights and weekends? 

The reason to only include non-behavioral reasons is mainly that behavioral related measures are very 
difficult to control and are hard to implement in a short time period. In order to change behavior, long 
term goals and company policies have to be developed.  

Chart 1: Graph showing supplied electricity monthly to the Järfälla facility during 2010. 
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Chart 2: Supplied electricity in MWh to the Järfälla facility during May 2011. 

 

1.3 Scope 
It is important to assess how wide or narrow the scope should be for this problem, time period, data 
availability and the conditions at the site; all affect the scope definition. If the scope is too wide, the 
problem may not be solved in the required time frame or simply be overwhelming, resulting in poor 
results and conclusions. Too narrow scope would not give a holistic view of the problem and may cause 
overlooking important contributors to the problem.  

The data availability at the compound is varied, with several points for measuring the electricity load in 
different buildings, and at different levels of detail. This contributes to overall good conditions for 
measuring, estimating and analyzing data of the compound. For the time period available for the project it 
will not be possible to conduct an accurate survey of all the buildings on the site. Therefore after initial 
measurements and estimations of the electricity consumption for each of the buildings, the building with 
the least deviation in power draw between day and night, or most apparent potential for reduction in 
electricity consumption will be the subject for the full survey. The project will therefore after the initial 
phase only focus on conducting the survey in one building alone. The scope can be summarized as: 

• Only supplied electricity is subject of study. 

• Only electricity supplied through the main switchgear will be taken into account. 

• Only one building or area will be the subject for the full review. 

• The measurements, assumptions and estimations will be kept at a good level of accuracy and not 
bee too precise for the problem defined. 
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2 Method 
Utilizing a systematic approach that is evaluated continuously aids in solving the problem. Therefore a 
short investigation and background on national energy situation, regulations and policies is conducted to 
give the problem a wider perspective. A literature survey is preformed to investigate existing methods for 
conducting surveys, this also provide a source of inspiration on how to systematically conduct the survey.  

After the literature survey had been completed, the outlines of the survey was developed. The survey 
developed aimed to systematize the process, and doing this by dividing the survey into different stages and 
objectives. 

The electricity survey was conducted systematically step by step, and system by system. Data was collected 
from employees, existing written information, measurements and when needed, assumptions and 
estimations. Walkthrough assessments of the building was carried out at numerous occasions, both during 
regular weekdays but also during hours with none, or low occupancy. 

The measurements were made with two “Elrapportör Bilius Mätteknik” electricity data loggers and a 
“FLUKE T5-1000” electrical tester. The two data loggers were used to measure supplied power over time 
for systems with loads that varies greatly over time. These were also the only two loggers available for 
making measurements over time. The electrical tester was used to measure supplied current momentarily 
for loads with small or no variation over time. 

Measurements and calculations are presented in both tables numerically, as well as in diagrams, giving a 
good overview of power draw for different systems, as well as eventual inaccuracies or issues. The results 
from measurements and calculated figures are summarized and presented in tables and diagrams, which 
provides the answer to the problem defined.  

Eventual issues or problems with systems, found during the measurements are discussed, and 
improvements for increasing energy efficiency is suggested and discussed. Faults and inaccuracies in the 
survey process is discussed and reflected upon. The survey as a whole, as well as the final results are 
evaluated and discussed, and recommendations made if some part could have been done better. 
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3 Background 
 

3.1 Overview of Swedish energy use and climate goals 
In 2009 Sweden used a total of 376 TWh of energy divided among all different energy carriers, of which 
125 TWh were supplied as electricity. For Sweden the two main energy carriers are oil and electricity, with 
electricity being used mainly in residential, services and industrial sector while oil is mostly used for 
transportation. Recent years show a decline in the overall energy use although there are variations in 
different sectors, the industrial energy use is roughly at the same level as 1970 even though the industrial 
sector has expanded, and amounts to 36% of the total energy use in Sweden. In the industrial sector 
energy is used both as a “raw material” and as power source for processes and facilities etc. The increased 
net electricity production since 1970 amounts to 126%, however due to the economic crisis that 
dominated 2009, the energy use in Sweden actually decreased for the first time since 1982 
(Energimyndigheten, 2010). 

 

With the increasing environmental awareness both in public and by politicians, numerous new policies and 
regulations have been developed. Sweden has had environmental objectives since 1999 to better structure 
the efforts for a better environment. The Swedish energy situation is much governed by the rules and 
regulations set up in the European Union, the most well known regulation being the EU 20% by 2020 
goal to reduce emissions, increase use of renewable fuels and energy efficiency. Currently Sweden has set 
up three action plans related to the EU 20% by 2020 goal (Energimyndigheten, 2010). The action plans 
aims towards the following outcomes: 

 

• 50% of the Swedish energy use in 2020 will come from renewable energy sources. 

• In 2030 Sweden will have a vehicle fleet independent of fossil energy. 

• Sweden’s net greenhouse gas emissions will be zero by 2050. 

• Energy use will be 20% more efficient by 2020. 

• The amount of renewable energy in the transportation sector will be 10% by 2020. 

(Energimyndigheten, 2010) 
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3.2 Legislation and energy use in built environment 
Boverket (The Swedish national board of housing) is the government agency in Sweden responsible for 
policies and regulations regarding urban planning and development, as well as building construction and 
housing. Regarding the energy use in the built environment, Boverket has set up a number of goals, 
policies and regulations in order to reduce energy use, and meet certain criteria and goals. Many goals are 
developed in cooperation within the EU, and are related to both the EU and Sweden’s climate goals and 
policies. Among theses goals, Boverket participates in cooperation with EU member states in order to 
develop a reference framework for sustainable urban development (Boverket, 2010. Sustainable Urban 
Development). 

Boverket has also set up a number of areas in which to work towards achieving the environmental goals 
set up by the Swedish government. This set of areas, related goals and objectives has been named “Goals 
for good build environment”, which consists of 7 different areas and objectives which among else 
includes waste disposal, noise and also energy use (Boverket, 2007). 

The goal for increasing energy efficiency set up by Boverket, is to reduce the energy use per “heated 
square meter” by 20% until 2020, compared to values of 1995 (Boverket, 2007). Energy declarations have 
been implemented as a measure to try to reduce existing buildings energy use. The energy declaration is a 
type of energy audit, and is preformed by the building owner and a licensed “energy expert” (Boverket, 
2010. Energideklaration) 

 

3.3 Industrial energy awareness 
One agency that currently tries to actively work with energy issues and raise energy awareness in 
companies is Energimyndigheten (Swedish Energy Agency). By promoting energy efficiency through 
seminars, pamphlets, network activities and demonstration projects, Energimyndigheten tires to inform 
companies on the benefits and possibilities with increasing energy efficiency. In 2005 Energimyndigheten 
started the program for increasing energy efficiency in energy intensive industries. This provides energy 
intensive industries to have tax exemptions if they work actively with energy issues, and aims to be more 
energy efficient (Energimyndigheten, 2011). 

In order for companies and industries to get a better view of their energy use Energimyndigheten has also 
publicized “a handbook for energy mapping and analysis”. This is a guide on the most important factors 
and procedures when performing a simple energy audit of a facility, and map out the contributors to the 
energy use. In this handbook Energimyndigheten presents a strategy containing; five main parts when 
conducting an energy audit, (Energimyndigheten, 2004) these five main parts are: 

• Description of the facility – Which buildings and related systems is included in the review. 
• Reviewing the present energy use of the facility – How high is the energy use during the last year 

and for what and where has energy been used? 
• The facility short-term energy use – Estimating the energy use of the facility in the years to come, 

taking into account planned and expected changes in energy use. 
• The facility long-term energy use – An investigation of the overall major changes in the facility 

energy use during the next 10 years. 
• Finding solutions that increase energy efficiency – Identifying, evaluating and quantifying 

concrete solutions towards improved energy efficiency. 
(Energimyndigheten, 2004) 

The handbook continues to list methods, and more closely describe how to perform these five main parts 
in a good way in order to get a good result.  
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4 Literature survey 

4.1 Energy efficiency in general 
In residential, commercial and industrial sectors most of the buildings that are used was built some time 
ago. The use of completely new structures is small compared to the use of already existing buildings. 
Although there are numerous new techniques, materials and building standards that can produce new 
energy efficient buildings, there are still overabundances of already existing buildings, where energy 
efficiency measures might not exist or have been implemented, due to the building age or type. It is 
therefore important to increase these buildings energy efficiency, in order to save energy, spare the 
environment and improve overall performance of the buildings (Energimyndigheten, 2007).  

There are ways to achieve energy efficient buildings, however it is important to define the term “Energy 
efficiency”, what it implies and what it means. Energy efficiency can be defined as “the goal of efforts to 
reduce the amount of energy required to provide products and services”. This definition points out the 
fact that “energy efficiency” is a relative term, and depends on what product or service is being produced. 
In fact, energy efficiency depends on numerous factors, such as type of activity, product produced, 
purpose and situation etc. These factors may be the same in many cases and thus comparable, or they can 
be vaguely related or even unique for each situation. Therefore the term energy efficiency is very abstract 
and can’t easily be used for comparisons between different objects or processes etc. (Saveonenergy, 2011) 

 

4.2 Energy efficiency in existing buildings 
When trying to establish if a building is energy efficient it is important to assess which factors that are 
related to the energy use. The activity within the building will affect the energy use and demand heavily, 
i.e. an office space and a hospital have very different requirements, even though there may be no other 
difference between the buildings. The ambient conditions are also an important factor since both heating, 
cooling and ventilation is dependent on both geographical location and seasonal changes (H. Jonsson, 
2010). 

The indoor environment also differs depending on the activity and thus will affect the energy use (heating, 
cooling etc.) i.e. a warehouse has not the same heating and ventilation requirements as a sports hall. Two 
buildings although identical in every aspect may have different energy use due to numerous factors and 
thus it is very hard to make comparisons based on energy efficiency between different buildings (H. 
Jonsson, 2010). 

When trying to investigate the energy efficiency of an existing building some basic data can be used in 
order to produce a good overview of the buildings current energy use. By using data on the energy 
demand over time for the building, and then adjust the data for climatic variations by using degree-day 
method or other means of adjustment. The data produced from this can be used to describe the buildings 
energy performance and how it varies from time to time. This provides a good overview of the building 
energy use over time and can be used as a basis for further study. (H. Jonsson, 2010) 
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4.3 Energy audits and surveys 
An energy audit has the objective of identify, analyze and develop measures for a building to reduce its 
energy use. An energy audit can, depending on the level of detail incorporate both historical data of energy 
use, current use and even detailed energy system measurements, and economical analysis of possible 
energy saving measures. Mainly the timeframe and economical aspects determine the level of detail, since a 
more detailed audit demands more time and money invested. However a more detailed audit possibly also 
delivers more accurate results and more measures to increase energy efficiency. The level of detail of the 
audit is thus up to the contractor and audit performer.  

Although there are no clear rules or regulations precisely what an energy audit should consist of, 
ASHRAE (American Society of Heating Ventilating and Refrigeration Engineers) has listed 4 levels of 
energy audits, that provide good overview of what an energy audit could consists of, at different levels of 
detail (ASHRAE, 2007). Ranging from low level to high level of detail as follows: 

• Benchmarking 

• Level I: Walk through assessment 

• Level II: Energy survey and analysis 

• Level III: Detailed analysis of capital intensive Modifications 

Benchmarking is conducted by among other things comparing historical data, deciding whether a building 
is a good candidate for further investigations on energy efficiency improvements. If the building proves to 
be a good candidate after benchmarking, a walkthrough assessment, or Level I survey is a good follow-up 
procedure (ASHRAE, 2007).  

The purpose of a Level I walk-through assessment is to find immediate or obvious energy efficiency 
improvements, and also to conduct a brief analysis of the technical and economical potential of different 
measures. If the potential for increasing the energy efficiency or reducing costs is high, a Level II audit 
provides a more detailed survey and analysis of the energy systems. In this stage, measurements of 
different energy systems such as; heating, ventilation, and lighting can be preformed. This will provide a 
detailed and accurate view of the different energy saving measures, and possible economical savings 
(ASHRAE, 2007).  

A Level III audit can be preformed in order to assess more capital intensive saving measures, such as 
completely replacing a chiller, or other parts of an energy system. This level focuses more on the cost and 
savings of an investment, and should have the level of detail in order to be used as a base for deciding on 
a capital-intensive investment (ASHRAE, 2007).  

The level of detail used when conducting an audit is highly relative to the situation and site where the 
audit is preformed. No clear boundaries exist, however an audit is one way to address energy efficiency 
issues, and present measures in a detailed and structured manner (ASHRAE, 2007).  
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5 Electricity survey 
There are several methods and approaches when conducting this type of survey, or similar ones. Different 
approaches are suitable for different types of buildings and structures. It is therefore important to have a 
good overview of the building or compound that is the object of the survey, and also which survey 
approach that is most suitable for that building and problem. The survey developed uses an approach 
consisting of several main stages, that need to be analyzed systematically. Some of these stages has been 
influenced by the handbook given out by the Swedish energy agency. The process when conducting the 
survey has also been inspired by the ASHRAE developed energy audits. By using the information from 
the mentioned sources, and taking into account both the project scope and problem definition, four main 
stages of the survey have been developed. 

1. System boundaries 

2. Energy system identification  

3. Measurements and calculations 

4. Results 

 

5.1 System boundaries 
Since in this case there are many buildings and areas on the compound, of which only one specified 
building or area will be the subject of the detailed audit due to the scope of the project, it is important to 
identify and single out the building or area with the most probable potential for improvement. This area 
or building, will constitute the system boundaries of the survey. This first stage of the survey is quite 
similar to the Benchmarking level of the ASHRAE energy audit, although this survey only focus on 
electricity use. 

In order to make the decision in which building or area the continued survey will be preformed, a few 
guidelines and factors was set up, to which the different buildings or areas can be compared.  

• The system boundary selection process is conducted by first creating an overview of the 
electricity supply to the compound, following this overview are the individual building 
measurements and selection processes. 

• Since the problem is defined as to why the supplied power at night is at the current level, it is 
possible to compare the night and day power draw. This will present a good overview of how 
much the supplied power is reduced during the night. Using key units such as power draw per 
unit area, will aid in the understanding of the building power draw, and be beneficial when 
selecting the system boundary. 

• The building or area with the most potential for improvement i.e. the area or building with the 
lowest relative reduction in supplied power at night, will be the subject for the detailed audit, and 
thus constitute the system boundaries of the survey. 
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5.1.1 Overview 

The first stage in deciding the system boundaries is to establish the location and interconnections of the 
supplied electricity to the compound. In this case it was found that all of the supplied electricity is 
delivered through the main switchgear. The main switchgear is the point where all the electricity supplied 
to the compound enters. The total supplied electricity to the compound can be read from a digital 
electricity meter by the switchgear, the electricity provider Vattenfall also logs this data remotely. From the 
main switchgear the electricity is supplied onwards in the building. 

By reviewing charts and diagrams and interviewing responsible maintenance personnel for the system, it is 
possible to make out how and where the electricity is distributed to the different buildings (see Chart 3). It 
was found that each of the buildings had separate switchgear stations, branched out from the main 
switchgear. At each of these building individual switchgear stations, there was also electricity meters 
installed for each individual switchgear. The meters for the buildings individual switchgears, were mostly 
analogue (except for in the B building), and could not provide logged data over time. However, ability to 
access the logged data of the supplied total electricity from Vattenfall, was provided and also the 
possibility to manually access all the electricity meters by the switchgears. 

 

 
Chart 3: Tree structure of the different switchgears and meters in the different buildings. 

From Chart 3, it is possible to define four different boundaries or systems, each consisting of the 
respective buildings or areas A-D, that can be compared by calculating their power draw. This is also a 
very practical point, since these buildings have different construction years, and varying types activity in 
each of them. Each of the buildings also has clear defined physical boundaries, which provide good 
distinction of the boundary limits.  
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5.1.2 Building measuring, comparison and selection  

It is possible to compare the supplied power at night, with the day levels of a building. If this is done for 
each individual building A-D, it will produce a good overview of how much the power draw is reduced at 
night for each building. This comparison can be done by dividing the average power supplied at night, 
with the average power supplied during the day. This will produce a fraction of how much the supplied 
power at night constitutes, compared to the supplied power during day. Or in other words how much the 
power draw is decreased at night. The measurements conducted can also be used together with data on 
the floor area on each of the buildings, to produce a value of supplied power per square meter.  

Achieving this data for each of the different buildings is done by checking each individual electricity meter 
twice daily, in the morning and in the evening, and doing this for several days in a row in order to get a 
good average data. By checking the meters twice, the consumption both during day and night is achieved. 
After measuring the supplied power both night and day for one week, in both July and August in 2011 the 
summarized average results from this can be seen in both Table 1 and Chart 4, which shows the 
differences in supplied power per unit area during day and night for the different buildings. Additional 
data on the use is presented in Supplement 9.1. 

 
Chart 4: Supplied power during day and night for different buildings.  

 

Building: Floor area: Supplied power: Day Supplied power: Night 

A 30270,3 m2 47,80 W/m2 27,15 W/m2 

B 23315,7 m2 32,45 W/m2 20,41 W/m2 

C 8296,5 m2 20,82 W/m2 8,90 W/m2 

D 13465,2 m2 45,17 W/m2 37,46 W/m2 

Table 1: Average supplied energy per unit area for different buildings during night and day. 

The comparison conducted shows that there are large variations in both level of supplied power between 
different buildings, and also the reduction in power draw during the night. The A building has the overall 
highest supplied power level, both in total level and also the highest power draw per square meter, during 
the day. The D building is the building with the lowest reduction in power draw at night.  
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A decrease of roughly 8W/m2 is by far the lowest reduction. The D building is thus the building with the 
highest relative power draw at night, and also very high power draw during nights compared to the other 
buildings. This makes the D building the best candidate for the continued survey. 

There is of course some uncertainty to these measurements since the analogue meters could deviate 
somewhat from the actual supplied power level. However since these measurements only serves the 
purpose of selecting the building being the subject of further study, it can be concluded that the results are 
accurate enough. The measurements conducted in the individual buildings were also summarized, and 
compared to the total supplied electricity through the main switchgear, in order to assure that the results 
did not deviate too much. It was found when comparing the total supplied power to the compound, to 
the measured power at the individual switchgears, that the results deviated less than 10%.  

5.2 Energy system identification 
The objective when conducting the energy system identification process, is to assess and isolate 
components of the system that will most probably use a lot of electricity. It is also important to have a 
good communication with facility management, in order to get information on more possible equipment 
that will require much electricity, and are not as easily identified. 

In order to systematically carry out the energy system identification process, it can be divided in to a few 
important minutes, which will be used as a guideline throughout the process. This will assure that no 
important parts of the system will be overlooked.  

• Map the building and try to include and list all potential big consumers of electricity. Use building 
management system, and interview facility management to get a good picture of main 
components, such as chillers etc. 

• Use also the management system to get an overview of the planned operational hours and time 
schedules for large systems, such as ventilation and lighting etc. 

• Make an overall presentation of the electrical system components tat is going to be the key 
components in the continued survey. 
 

The D building was constructed in 1990 and has 5 floors with a total area of 13465 m2. The building 
consists of mainly offices, some computer labs and server rooms. The activities are thus mostly computer 
related. Around 420 people work in the building on a daily basis, Monday to Friday. The building is not 
directly connected to district heating or district cooling, but has however a small connection for some hot 
water from another building on the compound. All the supplied electricity is distributed via three 
switchgears, with individual electricity meters. 

Interviews with facility management provided good initial knowledge of some of the main systems in the 
building. Other systems were found during walk-through assessments, analysis of building management 
systems and operational charts of different subsystems. From the building management system, there is 
for some systems a possibility of retrieving operational data, and operational history in some cases. The 
energy systems of the building have been divided into several categories in order to give a more detailed 
overview of the systems function and role in the building. The systems have been divided into: 

• Chillers and Chiller sub systems 

• Dedicated cooling 

• Pumps 

• Ventilation 

• Server rooms 

• Lighting 

• Computer labs 

• Personal computers 

• Miscellaneous equipment 
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5.2.1 Chillers and coolers 

Since the building is only connected to a small amount of district heating and no district cooling, almost 
all the cooling and heating is provided from three main chillers on the ground floor. Two of these chillers 
are in operation, and one is a backup if another one fails or has a breakdown. Which two of the three 
chillers that is in operation is determined by a rotating schedule, in order to get roughly equal amount of 
operational time on each chiller. 

The chillers are all manufactured by TRANE and use the same refrigerant.  These three chillers all have 
hot gas coolers, which provide heat recovery of the hot gas when there is a heating demand in the 
building. The chillers are regulated by a temperature set point of the cooling water leaving the evaporator. 
The cooling water is used for the AHU’s (air handling units), cooling baffles, fan coil units and the 
dedicated cooling units in the building, for more data on the chillers see Supplement 9.2. 

Each chiller has two parallel compressors. The cooling capacity is regulated by activation of different 
compressor stages. Each compressor has three stages to be regulated by. When the cooling load is higher 
than the capacity for one compressor the parallel compressor will activate and both of the compressors 
will operate to manage the demand.  

The condenser of the chillers is cooled with a brine, which mainly consists of water. On cold days alcohol 
is added to prevent the brine from freezing. On the roof of the building there are three coolers for the 
chillers. The brine is used to cool the condenser and the heat is dissipated via the coolers. The coolers are 
controlled by the temperature the brine has before the chillers (supply temperature). This is regulated by a 
set point that according to data charts should be 40ºC. To manage this set point temperature, the coolers 
have eight cooling fans each. These fans are operated in stages of four fans per stage, which gives each 
cooler two stages to operate in. and a total of six stages among the three coolers.  



 

-19- 
 

5.2.2 Dedicated cooling 

Besides the three main chillers, there is also some cooling provided on each floor for specific cooling 
needs. This cooling requirement is manly due to the fact that there are a lot of computer activity that 
generate much heat, and also due to several server rooms on each floor that need extra cooling. These 
dedicated cooling units are mainly using the cooling water provided from the main chillers, in order to 
regulate the air temperature. There are also some cooling units used to provide space cooling for 
computer lab areas. On each floor there is thus a need for extra cooling, other than provided through the 
fan coil units in the offices, or through the ventilation system.  

There is also cooling needed in rooms where auxiliary service units such as hydraulic pump systems are 
located, and where electrical transformers are placed. These two units were found to not operate on a 
timed schedule. All the dedicated cooling units in the building are regulated by air temperature set points 
on the chilled air. The total number of dedicated cooling units was calculated by using charts found in the 
electrical cabinets on each floor By adding the number of cooling units found on each chart a total 
number of units were derived. The building was found to have 28 dedicated cooling units spread among 
all the floors of the building (see Supplement 9.3).  

 

5.2.3 Pumps 

There are several large pumps in the building, of which most are situated in the basement. They are 
primarily used to circulate the cooling water, hot water and the brine for the coolers. All the pumps have a 
backup pump of the same capacity, and operation switches between the pumps on a daily basis in order 
for the pumps to have the same amount of operational hours, and also to have one in backup if the other 
fails. 

The rated power of the pumps varies, from 11kW down to 1,5kW. There are however even smaller pumps 
but they are neglected in this survey because of their small power draw. The larger pumps in the system all 
serves the cooling water from the chillers and one pump for the cooler brine. The pumps have no capacity 
control and can thus only be regulated by switching on or off. For a complete collection of the pumps and 
specific and individual data see Supplement 9.4 

 

5.2.4 Ventilation 

There are three main AHU’s, supplying the building with air for space conditioning. The units were 
installed at the same time as the construction of the building. The three units are of the same size, and the 
fans have the same rated power. Two of the AHU’s are located in the same room while the third is in 
another area. There is cooling water (from main chillers), and heating water supplied to the AHU’s via 
shunt valves when necessary. In the spaces where the AHU’s are located, there is also electrically driven 
exhaust fans serving the restrooms of the building.  

The AHU’s are controlled by supply air temperature set points, that moderate the need for cooling or 
heating of the air. These set points should be set to 20 C according to data sheets showing projected 
values. All of the three AHU’s have heat recovery installed. According to the operational charts at the 
AHU’s they should operate between 06:00-18:00. 

There is also an AHU that provides ventilation for one server room. This is however a very minor unit 
with only a small fan and does not have a large power draw. 
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5.2.5 Server rooms 

Throughout the building there are several rooms dedicated for computer servers and larger computer 
systems. These rooms have special climatic preferences, and therefore have dedicated cooling systems. 
There are substantial amounts of computers and servers in these rooms, which is also the reason for the 
extra cooling demand in these rooms. The power for these server rooms is provided via the same 
switchgear, it is also the only load on that dedicated switchgear. This will be beneficial when conducting 
measurements on the supplied power. Cooling for these rooms are provided from dedicated cooling units. 

 

5.2.6 Lighting 

The lighting in the building is mostly consisting of compact fluorescent and linear fluorescent lights. Some 
incandescent lamps are still present in the restrooms. Two of the five floors have installed new modern 
fixtures with T5 linear florescent lamps, and dimmer function in the offices. The other floors still have old 
fixtures with magnetic ballasts and T8 linear fluorescent lamps (LFL) installed in the offices, and also in 
the corridors on the ground floor. These fixtures have no dim control but the two lamps in each fixture 
can be lit either individually or both at the same time which, allows for some lighting control. 

All the floors in the building have the same basic layout, when it comes to the layout of offices and 
corridors the floors are identical, but the layout of computer labs differ to some extent. The differences in 
lighting layout are however only due to the number of fixtures on each floor, and not the overall 
placement. The corridors leading to and around the offices on each floor have compact fluorescent 
lighting (CFL) installed, and that is also the case for the stairwells and corridors. For an overview of the 
areas lit by CFL on one floor see black areas in Figure 2. One corridor also has large windows that stretch 
from floor to ceiling and allows for daylight to enter. In the areas where there are computer labs and other 
open spaces, there a mix of old fixtures with T8 LFL, and more modern fixtures with T5 LFL. The 
dominating type of lighting in the computer lab areas is however old T8 fixtures. For the areas on the 
floors containing T5, T8 or a mix of fixtures see black areas in Figure 3. 

Figure 2: A floor overview showing areas lit by CFL in black. 
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Figure 3: A floor overview showing areas lit by LFL (T8, T5 or mix) in black. 

 

5.2.7 Computer labs 

On each floor there are computer labs, or areas with a high concentration of computers ,that are related to 
the activities that is preformed in the building. There are several of these labs in varying form and 
function, but all of them consist of high concentration of computers and computer related activity. These 
labs are always in operation and rarely shut down, or in some sort of stand by mode. The labs consist of 
several computers and all labs have roughly the same layout. The total number of lab areas in the building 
is estimated to be 13. 

 

5.2.8 Personal computers 

Each employee, and thus each office space, has at least one and often several computers installed. These 
computers can be either laptops, or stationary computers with at least one monitor, in each office space. 
The computers have either a shared monitor for two computers, or several monitors for each individual 
computer. The total amount of personal computers is thus substantial, and probably well above the 
average office or facility. The most common combination of personal computers seems to be one laptop 
and one stationary at the workspace.  
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5.2.9 Miscellaneous equipment 

There are several other energy systems that are harder to classify into one group and needs to be 
accounted for. These loads can be summarized as miscellaneous loads. These loads are: air compressors, 
electric transformer and hydraulic oil pumps.  

The air compressors supplies the fan coil units in the building with compressed air, which is used to 
regulate valves that control the amount of heating or cooling, that is delivered through the fan coil. There 
is a compressed air tank to which the both compressors deliver the air. The compressors are not 
controlled by timed schedule, and have the same rated power of 7,5 kW each. 

There are two electric transformers that are used to generate electricity with a different frequency, voltage 
and current etc. compared to the regular “wall socket” electricity. Only one of the two transformers is 
currently being used. The transformer is easily described as an electric motor driving a generator to 
produce the current with different frequency. The motor used for the transformer has a rated power of 37 
kW. 

Besides the pumps for the cooling, heating and hot water systems, there is also pumps used to maintain 
pressure in a hydraulic oil system. The operational strategy for these pumps is to switch them on or off 
manually when needed. They are most commonly operated Monday to Friday, and for roughly eight hours 
a day. There are two of these pumps in the building, and both have the same rated power of 7,5kW.  

In Supplement 9.9 there is a table summarizing the miscellaneous loads. 
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5.3 Measurements and calculations 
When conducting walk-through assessments of the building, both for the energy system identification 
process and initial walk through before the measuring stage, the layout of the electrical distribution of the 
building was examined. In this case the layout was found to be very systematically designed which would 
be helpful when finding good points to measure, and also make it easy to compare different areas of the 
building. The layout is basically that two switchgears each serve one half of the building and various other 
loads, and the third switchgear only serves the server rooms. 

The power is distributed through two Canalis busbars, one for each half of the building. These busbars 
then relays power to two electrical cabinets on each floor, which further distributes the power. In these 
cabinets many measurements will be made, since they provide almost all measurement points for a floor. 
On each floor there is also a branching of the Canalis busbar, this means that there are 3 floor specific 
busbars on each floor, supplying computer labs with power. Other major loads that are connected to the 
switchgears may be directly measured from the switchgears. 

Measurements were preformed starting with the main components found in the energy system 
identification process. In order to get good data on major systems, they were measured for a period of 
days. The most beneficial is to measure for one week, and try to include a weekend in the measured data. 
However, many systems in the building are difficult to measure over a period of time, or have a fairly 
constant load over time. For these systems the supplied electricity was measured momentarily, and the 
power was calculated by using an assumed value for the power conversion. The measured factors when 
possible will be; supplied current (Ampere), Power factor (Cosϕ), Voltage (V) and supplied power (W). 
Some important minutes for the measuring are listed below. 

• Find good measuring points and have good information on what is being measured.  
• Measure for several days including one weekend for major systems and systems where load is 

expected to vary greatly over time.  
• Measure the supplied current momentarily for systems that are complicated to measure, or 

systems that can be assumed have a constant load over time. 
• Have some information on the surrounding factors that could influence the power draw, such as 

ambient outside temperature, eventual anomalies in occupancy hours or disturbances in some of 
the energy related systems. 

  
No prior investigation or survey of this type has been preformed in this building. Therefore there is no 
prior measurement made on most of the systems, which means that the amount of measurements, 
assumptions and estimations will be higher than if some data had already been available 

 

5.3.1 Chillers and Coolers 

The chillers use large amounts of electricity, in order to account for how much they use, determine a load 
profile and assess how well the chillers operate, it is important to measure how much electricity they use 
during a period of time. Therefore it was decided to log the supplied power to each of the chiller 
compressors, during a period of one week. This will provide a good picture over the supplied power, and 
also the cooling demand profile of the building. There are two compressors in parallel for each chiller, 
they do not always operate at the same time and are regulated in stages to match the cooling demand.  

A good measuring point was found in the power cabinet on the chiller control module. Since this is an 
electric motor, the input current is often the same for all the phases. This was controlled with the 
measuring equipment and found to be the case. The measuring equipment was installed in such a way that 
the power input to the two compressors for each chiller would be logged. The data memory available in 
the logger made it possible to log a total of roughly five days of operation,  
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this was including one weekend since the logging started on a Tuesday. The two chillers that was 
measured is referred to as KA1 and KA2, and the compressors as A and B, for each chiller, KA1B thus 
means: chiller KA1, compressor B. 

The measurements was conducted, and data from the logger was used to create a plot for the supplied 
power to the compressors over time (see Chart 5). It can be seen in Chart 5, that in the beginning of the 
measurement, the supplied power curve is varying and oscillating. This occurs also at the second peak 
demand period, and is probably due to regulatory and control issues with the system. 

Chart 5: Power supplied to the compressor chillers over a period of five days. 

From the measured data it is possible to derive a baseline chiller operation. This is the load during nights 
and weekends. It is also possible to get a total average daily supplied power, between 08:00 and 20:00. 
These two levels of power demand will be the basis for analyzing the supplied power to the chiller (see 
Table 2). 

Type of operation: Power draw: 

Day average (08:00-20:00) 147,56 kW 

Baseline 127,42 kW 

Table 2: Average supplied power to chiller during day, and baseline power draw. 

The fans in the coolers for the chillers are also measured. The power supply to the fans is not as easily 
measured as the power for the compressors. There are a total of 24 fans to be measured, which is more 
than the measuring equipment can cope with. There are also not so good measuring points, due to space 
issues between cables in the cabinets etc. Since the supplied total fan power will vary with the cooling 
load, the best way would have been to log the supplied fan power over time. However due to the fact that 
the individual fans have no speed control, but are activated in series, it was decided to only measure some 
of the active fans momentarily, which had easily accessible cables to measure. Supplied current for three 
available active fans were measured. 

With the measurements made, then an average of the supplied current was used to describe the power 
draw of all the fans. The current was measured momentarily with an electrical tester. The different phases 
were measured and the current was found to be the same for each phase. Therefore to get the total 
supplied current to one fan the measured current can be multiplied by three.  
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The power factor for the fans was assumed to be 0,8 which is a typical value for electric motors. With this 
data the fan power can be estimated using equation (1). The reference voltage is 230 V, which is the case 
in Sweden. This voltage was also measured with the electrical tester to assure this was correctly assumed. 
The power was calculated for each of the fans, and the average fan power was found to be 1,59kW. For 
data from the measurements, calculated values of the fan power for all three fans and the average fan 
power see Supplement 9.2. 

P = I ⋅Uref ⋅ cosϕ    (1) 

Power(W)=Supplied Current (A) * Reference voltage(V)*Power factor 

In order to assess the supplied fan power over time, it was possible to utilize operational history data from 
the building management system. The data that was available showed the supply temperature of the brine 
to the chillers. This is also the set point temperature for the brine, and according to the chiller 
management data sheets in the chiller operations room, this set point should be 40ºC. In the building 
management system this set point was set to 20ºC, which is probably set to try and lower the condensing 
pressure to increase efficiency. From the data received, it was however possible to read out that the 
temperature of the brine almost never reached 20ºC, for outside temperatures above 13ºC. When the 
ambient temperature drops, the coolers are operated by a signal that increase and decrease the fan power 
periodically. From this periodical control it is possible to estimate a constant cooler power draw of 50%. 
This means for calculation purpose that at least 12 fans of the total 24 can be assumed to be in constant 
operation throughout both day and night (see Table 3). 

 

Cooler fans Power draw: 

Average of 3 measured fans: 1,59 kW 

Fans in constant operation (12): 19 kW 

Table 3: Measured power draw for 3 fans and estimated total fan power. 

 

5.3.2 Dedicated cooling 

Since the activity level in the spaces where the dedicated cooling is used is constant, and does not vary a 
lot between day and night, the cooling load can be assumed to be relatively constant. It was therefore 
decided to measure the supplied current momentarily for the dedicated cooling units. This was also 
decided due to the fact that the cooling units are spread throughout the building, and would have required 
more data logging equipment than was available.  

The current supplied is measured with the electrical tester momentarily, and the power supplied is 
calculated with equation (1). The dedicated cooling units use fans driven by electric motors, and therefore 
a power factor of 0,8 is assumed. Each phase is measured and it is found that the supplied current varies 
between the phases. Each phase for the units is therefore measured.  

Using equation (1), and summarizing the current and power supplied to the all the 28 cooling units gives 
the total power supplied (see Supplement 9.3). Buy summarizing the calculated data from the 
measurements, a total power draw for the dedicated cooling units can be calculated, which will be 
assumed constant during night and day. The total power draw for the 28 dedicated cooling units was 
found to be 67,3 kW. 
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5.3.3 Pumps 

The pumps have no capacity control, and therefore they are either on or off. Since there are two identical 
pumps that operation switches between for each system, one of the pumps can be assumed to always be 
in operation. This also implies that the pumps have constant power supplied to them, since they are only 
on or off. Therefore it was decided to measure the current supplied to the pumps momentarily with the 
electrical tester.  

The power can then be calculated using equation (1). For the pumps, which are driven by electrical motors 
the power factor was assumed to be 0,8. The phases was measured and found to have the same current. 
The pumping power for each pump was calculated and summarized (see supplement 9.4). By adding all 
the pumps power draw, it is possible to obtain a total pumping power draw, that will be constant both 
night and day. This power draw from pumps was found to be 45 kW 

 

5.3.4 Ventilation 

Of the three major AHU’s, it was assumed that they operate according to the same schedule. Therefore 
the largest AHU central, containing the units LA02 and LA03, was measured. The measurements was 
made using data loggers, which was installed at the power cabinet for the two units, therefore being able 
to measure all entering current to the AHU’s. Since the three major units has the same rated fan power, 
projected flow and set point temperature, as well as serving similar parts of the building, it can be assumed 
that they have equal power draw.  

Measurement logging started on a Tuesday, and was finished on Monday night the next week, which is a 
total of roughly 6 whole days, including one weekend. The supplied current, power factor, energy and 
power was logged, and the supplied power to the two air handling units was plotted (see Chart 6). 

It was also seen in the measure data that the supplied power level never reaches zero even when the air- 
handling units are turned of. This is due to exhaust fans serving the WC-groups in the building, which was 
found during a walk through, and is thus a part of the ventilation system that is not time controlled. When 
conducting this walk-through, it was also found, and visually inspected that the air flows to some floors 
was very high. 

From the measured data, an average supplied power during operation was calculated, and the AHU not 
measured was assumed to use half that amount of power, which would be a good estimate, since it is of 
the same size as the other two. The estimated and calculated power supplied to the three air handling units 
during operation, and with the AHU’s turned off can be viewed in Table 4. 
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Chart 6: Power supplied to air handling units LA02 and LA03 over a period of 6 days. 

 

Air handling unit: Power draw: 06:00-22:00 Power draw: AHU turned off 

LA02+LA03 21,57 kW 0,24 kW 

LA01 10,79 kW 0,12 kW 

Total: 32,36 kW 0,36 kW 

Table 4: Power draw with AHU’s active and turned off, and the total average power.  

5.3.5 Server rooms 

Since all the power supplied to the server rooms originates from one dedicated switchgear, it was possible 
to use the analogue electricity meter on that switchgear, to monitor the supplied power for the server 
rooms. The meter values were taken for several days on both mornings and evenings, and thus an average 
day and night power draw can be derived from this data.  

It was found that there is also extra power supplied to some rooms, from one of the other switchgears. It 
was possible to measure this supplied power momentarily. Since it was measured during the day, it is 
assumed that this extra power follows the same relation between the night and day power draw as the 
server rooms. After measuring the switchgear for several days and at different months, the extra power 
load was added and a mean power draw for day and night can be derived (see Supplement 9.5). The two 
different supplied power levels during night and day can be seen in Table 5. 

 

Time:  Power draw:  

Day: 41.91 kW 

Night: 37,445 kW 

Table 5: Day and night power draw from the server rooms. 
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5.3.6 Lighting 

The lighting is measured in several stages. One stage is to measure the difference in power draw between 
older and newer light fixtures. The other stage is to make a complete lighting inventory estimation of the 
building, counting all the different lights in all lit spaces; corridors, offices, stairwells etc. Then estimating a 
total installed lighting power, and also estimating the losses in ballasts etc. These two stages, with both 
measuring, estimating and calculating, produces a good overview of the total lighting power in the 
building. 

Since there are different types of fixtures on different floors, it was beneficial to measure two floors with 
different fixtures, in order to assess the difference in performance between the newer, 2*49W T5 LFL 
installed in 2010, and the older 2*36W T8 installed when building was constructed. This was done by 
measuring one half of two floors with different fixtures, via the main electrical cabinet on those floors. 
The power to the fixtures in the offices is supplied from a power rail in the ceiling, which has its power 
supplied from the main cabinets. Therefore the same amount of offices or same area on the two floors 
was measured making for a good comparison.  

Data loggers were installed on the two floors, and the supplied power to the power rail on one half of 
different floors was measured for a period of six whole days. The logged data for the two floors were 
plotted as power draw over time (see Chart 7 and Chart 8). This gave a good overview of the supplied 
power to the office lighting fixture. It also gave data that can be compared to the estimations and 
calculations on the total installed lighting capacity. 

Chart 7: Measurement of supplied power to one half floor with T8 LFL old fixtures as office space lighting. 
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Chart 8: Measurement of supplied power to one half floor with T5 LFL new fixtures as office space lighting. 

It was found from measurements that lighting is used after 18:00 when the lights are automatically shut 
off. The lights are reactivated with the timer switch, and used for many hours extra. By summarizing all 
the extra hours lighting was used on the two floors after 18:00 during the measured weekdays, an average 
number of extra hours per day after the timed schedule can be calculated. These estimations and 
calculations show; that by average each floor of the building has lights on for 2,55 hours extra each 
weekday (see Supplement 9.6) 

For the second stage of the lighting estimations, an estimation of the complete lighting inventory was 
made. This was done by doing a thorough walk-through assessment of all the floors in the building, 
counting all the lamps and fixtures. In places where access was not available, assumptions were made in 
line with similar spaces on the same floor, on how much lighting there was. By conducting this walk-
through, a thorough representation of the lighting installed and the types of lamps used was made. For 
data on the complete lighting inventory, see Supplement 9.6. 

During the lighting inventory walkthrough, it was discovered that on the floors using the older T8 LFL as 
office lighting, these floors have roughly the double the amount of fixtures, compared to floors using 
newer T5 LFL fixtures. There could be up to as much as three old fixtures in an office, compared to one 
new fixture in a similar office, on another floor. This could also be a contributing factor to the higher 
power draw in the measurements of the floor with the older fixtures. 

The building was found to have five main types of lights used; two types of CFL, 18W and 28W, two 
types of LFL, 2*36 W fixtures and 2*49 W fixtures. There was also some incandescent lights in the 
restrooms. For each one of these lights a loss factor was assumed and estimated. Since this is not very 
accurate, it was made shore that for uncertainties in assuming the loss magnitude for a lamp, a factor of 
10% loss from the installed capacity was used as standard, in order not to overestimate the losses in the 
lamp.  

This standard value was used for the 18W CFL and the 28WCFL. For a floor breakdown and complete 
summary on; lighting inventory, estimated installed power and estimated installed power including losses, 
see Supplement 9.6.  
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The estimated and calculated values on the total installed lighting power, as well as the power including 
losses can be seen in Table 6. 

 

Installed lighting power: 99,164 kW 

Installed power including losses: 111,937 kW 

Table 6: Estimated total installed lighting capacity, and installed capacity including losses. 

In order to assess the used lighting daily the lights in the different spaces are divided into three categories 
according to placement; corridor lighting & stairwells, office corridors & computer labs and finally office 
space lighting. It is estimated that for the office space and office corridor & computer labs, 75% of all 
fixtures are lit during the day, since they can be manually controlled. For the corridors & stairwells, 100% 
is lit. 

During the night and none occupancy hours the lighting in offices are shut down by time schedule, 
however lighting in office corridors & computer labs, and lighting in corridors & stairwells are reduced so 
that roughly every fourth light is lit (25%). This was controlled and validated through a visual inspection 
during one early Sunday morning. To turn the normal day level of lighting on during none occupancy 
hours, there are switches in the corridor set for three minutes of lighting. There are also timer switches, 
which activate all the lighting power to the floor, and turns all the lights on. 

For calculations, the average lighting during night is set as 25% of the power draw during day, for the 
office corridors & computer labs and corridors & stairwells cases. Office space lighting is not present at 
night, and therefore set to 0%. Using data on the installed power and the fractions lit, the power draw can 
be calculated for each case, both day and night (see Supplement 9.6). 

For the case with the office space lighting, the calculated power draw including losses from the lighting 
inventory estimations, were checked for validity with the measured data from the data loggers and was 
found to deviate very little. From the three different cases it is possible to derive a total building lighting 
power draw for both day and night (see Table 7).  

 

 

 

 

Table 7: Estimated day and night total lighting power draw. 

Time:  Power draw:  

Day: 88,957 kW 

Night: 11,97 kW 
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5.3.7 Computer labs 

Of the 13 computer labs, all have their power supplied from the floor specific canalis busbars, which 
branch off from the main busbars. In order to calculate the labs power draw, the supplied current to these 
busbars can be measured in small cabinets, at the beginning of each busbar. Some of these cabinets are 
however placed in such a way that measuring is difficult. Since the lab computers are always on and often 
the screens too, the loads will be fairly constant, and not vary greatly with time. Due to both these reasons, 
regarding placement and constant load conditions, it was decided to measure a number of labs 
momentarily, and calculate an average supplied power for one lab. The average value calculated was 
multiplied with the number of lab halls, and the total power draw was estimated. Since the labs are fairly 
similar in operation and type, the average value is a good estimation of the actual power draw.  

A total of six lab areas were measured (named A-F) and the measured data can be viewed in Supplement 
9.7 along with calculations made for the supplied power according to equation (1). Since little is known 
about the power factor for these labs, it is assumed to be high in order not to get to large margin of error, 
and overestimate the power draw. The power factor was assumed to be 0,9. The total power draw for all 
computer labs was calculated and can be seen in Table 8. 

Lab halls Power draw: 

Average of six measured lab halls: 4,895 kW 

Building total, 13 lab halls: 63.635 kW 

Table 8: Power draw for one average lab hall and the lab halls total power draw. 

 

5.3.8 Personal computers 

All personal computers units could not be measured simultaneously. There are too many points to 
measure and the computers are spread all over the building. The approach to estimate the supplied power 
to the computers had to be done by a walk through of each floor, and estimating the number of units on 
each floor, by counting them visually. The definition of one computer unit is; one screen and one 
computer. By doing this, a reasonable value on the total amount of personal computers units was assessed 
to be; 925 personal computer units in total. 

To assess how much power an average personal computer draws, some measurements was conducted. 
Some of the offices in the building are so called “team rooms”, these rooms are offices where two or 
more employees share the office space. A good measuring strategy to assess the average personal 
computer supplied power level, is to find a team room with many units, and measure the data power 
supplied to that room over several days, including a weekend. This produces good data on the average 
computer power draw for different hours of the day, as well as weekends and nights. A team room 
containing 13 computer units (13 computers, 13 screens) was found, and the supplied current and power 
to the computer units in that room was logged over a period of one week (see Chart 9). 
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Chart 9: Power supplied to 13 computer units in a team room measured over one week. 

When summarizing the data measured from the team room, three different types of operation for the 
computers can be distinguished.  

1. The first type of operation is an average supplied baseline during night and weekends, which must 
be due to computers in stand by mode. This is an average of the lowest supplied power level in 
measured data 

2. The second type of operation is the average power draw during the day, the day is in this case 
defined as between 08:00-20:00 weekdays only.  

3. The third and final type of operation is the average “night-operation”. 

 

The power supplied to the computers is relatively high some nights, and well above the baseline. This is 
probably due to simulations running on the computers, or other actions taking long time to finish. The 
average “night-operation”, is the average of the supplied power level between 20:00-08:00 all days. 

These three cases are used to define the power draw for personal computers in the building. In Table 9 are 
the calculated average values of the three cases, with data from the measurement of the team room. 

 

Type of operation: Power draw for one unit: Power draw for all units (925): 

Day: 93,46 W 86,45 kW 

Night-operation: 77,58 W 71,76 kW 

Baseline: 51,06 W 47,23 kW 

Table 9: Power supplied to 1 unit and all units in building in different modes of operation. 
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From the three stated cases describing personal computer power levels, and the measurements of the team 
room it is possible to estimate the total supplied power to personal computers during night. It is estimated 
that 90% of and the personal computers are left in the building during night. The remaining 10% being 
lap-top computers taken home. Of the computers left at night, it is estimated that 75% are in the baseline 
scenario, 20% of the total personal computers are estimated to be in night operation, and 5% are 
estimated to be turned off. From these estimations it is possible to calculate the supplied power to the 
personal computers during night (see Supplement 9.8). The total supplied power to the personal 
computers during night was found to be 44,797 kW. 

5.3.9 Miscellaneous equipment 

The power supplied to the electric motor that drives the transformer, is regulated by a timed schedule and 
is only in operation Monday to Friday 07:00 – 20:00. Since the load on the transformer is constant during 
the day, it is decided to measure the supplied current momentarily with an electrical tester, and calculate 
the supplied power using equation (1) (see Supplement 9.9). 

For the air compressors there are a constant base operation, the compressors increase the operation and 
power demand when the pressure in the system needs to be increased. Since the base operation is 
constant, the supplied current to the compressors for the base operation is measured and the power draw 
calculated. The same values for power factor and voltage as for the transformer motor is used for 
calculations. The shorter periods of increased operation is in this case neglected, since it is hard to make 
estimations on the power increase, and how often and for how long these periods of increase are. This will 
not affect the results much since the baseline power draw is the far most common power draw. 

The hydraulic oil pumps are operated manually, and according to employees responsible for operation the 
pumps are turned on in the morning, and shut down in the evening. The pumps were measured 
momentarily using electrical tester when both were in operation. The supplied power was calculated using 
equation (1) (see Supplement 9.9). The average power draw for each of these units is presented in Table 
10. 

Unit: Power draw: day 

Air Compressors 4,6 kW 

Transformer 13,97 kW 

Hydraulic oil pumps 12,6 kW 

Table 10: Calculated power draw for miscellaneous units. 
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6 Results 
By summarizing all the data achieved during the measurements and calculations it is possible to present 
some different scenarios that will give varying result. A baseline scenario with all the loads at the lowest 
level, this would be the lowest power draw achieved during night. There is also an evening operation 
scenario, which takes into account the loads that overlap or exceeds the occupational hours, and finally 
the supplied power level during day, which are the loads during occupancy hours. Since the problem is 
defined as why the power draw at night is at the current level, the scenario with the evening operation and 
the baseline scenario combined, will give the most accurate answer. In order to describe the combination 
of scenarios, it is first important to define what is meant by “night”. In this case night is to be defined as 
non-occupancy hours, or hours which should not normally have occupancy.  

In the D building it was found that the occupancy was a bit later than usual. Even though several time 
schedules for lighting and AHU’s etc. was set at 06:00, most of the employees arrive around 08:00, or even 
later. In the evening the occupancy and operational hours is defined by the company to be until 18:00, 
however when measuring several of the energy systems, they were found to be running on schedules that 
operate until quite late in the evening. This will have an effect on the supplied power level during these 
late hours i.e. the evening operation scenario. In order to be able to calculate the power draw during night, 
the daily occupancy is set to be from 08:00 until 20:00. This should give the best representation of the 
building occupancy.  

Some of the loads that are active during the day, such as lighting are also active after the previously 
defined occupancy hours, and on weekends, due to the timer control. The average number of hours these 
systems are used during non-occupancy, is accounted for in the evening operation scenario when 
analyzing the supplied power during night. Each system that contributes with extra hours of operation 
besides the occupancy is listed below. 

• AHU’s operates 06:00-22:00 and are thus active four hours extra compared to the operational 
chart, as well as the defined occupancy hours. 

• All lighting in the building is on average turned on roughly 2,5 hours more than the scheduled 
operating hours of 06:00-18:00, due to the timer switch available. Since the lights are turned on at 
06:00 lighting at day level operates 2,5 hours extra compared to defined occupancy hours (08:00-
20:00). 

• The transformer operates from 07:00-20:00 and thus operates one hour extra in the morning 
compared to occupancy hours. 

These systems are included in the evening operation scenario. All other systems either; follow the 
occupancy hours and shuts down at night, enters a baseline or night operation use, or is at the same power 
level as during the day. The type of operation for each of the systems is taken into account when 
calculating the total power draw during night. The unit used when presenting the results from the 
measurements and calculations is electric energy in kWh. This unit is well known, and is also easy to relate 
to electricity meters and electricity cost.  

When taking into account all the different systems and loads measured, there will be deviations from the 
measured total supplied power to the building. These deviations are due to systems not measured or loads 
unaccounted for. Some of these systems could not be measured due to security reasons, and others due to 
difficulties in finding good points of measuring. All these unaccounted loads are presented as one 
common load.  



 

-35- 
 

 
Summarizing all the measured loads from the different systems of the survey, and taking the defined 
occupancy hours into account, a result of the total supplied power to the different systems between 20:00 
and 08:00 can be compiled and presented in Table 11, of which a more detailed version can be seen in 
Supplement 9.10. 

 

Energy system: Supplied energy: 

Chillers 1529,04 kWh 

Coolers 228 kWh 

Dedicated cooling 807,6 kWh 

Pumps 551,16 kWh 

Ventilation 2,88 kWh 

Ventilation 129,44 kWh 

Server rooms 449,34 kWh 

Lighting 222,3925 kWh 

Lighting 113,715 kWh 

Computer labs 763,68 kWh 

Personal computers 537,56 kWh 

Air compressors 55,2 kWh 

Transformer 13,96 kWh 

Total: 5403,97 kWh 

Table 11: Supplied electric energy during night (20:00-08:00) divided among the different energy systems. 

The data from Table 11 can be used to compare with the building total (see Supplement 9.1), and thus 
present the percentage of total supplied electric energy per system as part of the building total, with 
unaccounted loads included (see Chart 10). The unaccounted loads amounted to roughly 652,3 kWh, or 
10,8% of the total supplied power (see Supplement 9.10). This is also the basis for the answer to the 
problem defined, since each of the systems will contribute to the power draw at night.  
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Chart10: Supplied electricity to building divided among measured loads. 

Reviewing both Table 11 and Chart 10, these two representations presents an overview of why the power 
draw at night is at the current level, and also which parts of the energy system that constitutes the largest 
end users of electricity in the building. In order to further address which types of loads that are the most 
dominant, cooling and coolers can be grouped together as cooling related loads. The same can be done 
for the computer related loads, which consists of lab halls, server rooms and personal computers. Using 
these two groups in the representation of the supplied electricity during night can be seen in Chart 11. 

 
Chart 11: Supplied electricity to building divided among groups o systems. 
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It was found that cooling related loads constitutes the largest power draw during night, followed by 
computer related loads. Since pumps are closely related to the cooling system, they could also be said to 
be cooling related, and in that case, adding the pump load the cooling related loads would amount to 
51,5% (9,1%+42,4%=51,5%). The supplied electricity to lighting at night, was found to be roughly 5,6% 
of the total, while the miscellaneous and ventilation loads only constitutes 1,1% and 2,2% respectively. 
Summarizing the measured loads gives that 89,3% of the supplied electricity to the building during night is 
accounted for in the result. The remaining 10,7% being the unaccounted loads which was not measured.  
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7 Discussion 
The results show that there is a large amount of power drawn during night for several systems. It was 
found that the chiller compressors constitute the largest users of electricity. The cooling related loads: 
chillers, coolers, dedicated cooling units, use over 40% of the building’s supplied electric energy during 
night, which is a very high level. The pumps in the building, which are closely related to the cooling 
systems, could also be included in this group. Then the cooling related loads including pumps constitute 
over half of the building’s total power draw at night. The other main group of systems, which draws a lot 
of power is the computer related systems; server rooms, lab halls and personal computers which together 
consume roughly 29% of the total supplied electricity during night. Combining these two major groups of 
users, it is possible to conclude that 80% of the building supplied electricity during night is used for 
computers related loads, cooling, and pumps. 

The main reason for the high cooling demand is that since the computer labs and server rooms are in 
constant operation and personal computers are seldom completely shut down, this will draw a lot of 
power. The energy supplied will convert into heat in the computers, and will heat the building, which then 
will need to be cooled by the dedicated cooling units spread out in the building. This has the effect that 
cooling units need to operate constantly and at high load to meet the high cooling demand the computers 
produce. Since the dedicated cooling units are fed with cooling water from the main chillers, the baseline 
load the chillers will have to meet is high, due to the high cooling demand. This results in high power 
draw from the chillers at baseline load, and high cooling power output. 

The high cooling load will also affect the coolers, which chill the condenser, since the condensing 
temperature is related to the chiller performance. If the condenser temperature is kept at a low level, the 
chiller will operate more efficiently and less power is needed. Therefore a set-point of 20ºC is currently 
used instead of the 40ºC stated on the operational charts for the cooling brine leaving the coolers. This 
could be a good way to increase the chiller efficiency; however in this case it has the effect that for outside 
temperatures above roughly 13ºC, the cooler fans will operate at full capacity constantly at all hours, 
without ever managing to reach the desired set-point. This could potentially be a problem that will cause 
the chillers to operate at lower efficiency, drawing more power and decreasing the lifecycle of the fans.  

Some explanations for the high power draw from the chillers, coolers and dedicated cooling units can be 
related to maintenance and use of control systems. Some measures that will affect the efficiency and 
power draw from these systems can be quite simple measures such as keeping the coolers clean and free 
from dust and dirt in order to increase the heat transfer and thus reduce the fan power needed. Keeping a 
preprogrammed schedule for when, and at which outdoor temperatures it is beneficial to have a low 
condensing temperature, is a more difficult measure but should be possible to implement, maybe by using 
a summer and winter schedule and switching between those. The dedicated cooling units are mostly used 
in areas where there is a constant cooling need, however some units have been found to serve equipment 
that operate on a timed schedule, while the cooling unit does not. This results in the cooling unit 
operating without any demand, and keeping an empty room chilled even though there is no heat 
generated. The explanation for this could be that units were installed in different years, and by different 
personnel, which makes the problem easy to overlook and hard to find. 

These systems are very complex and can be difficult to manage and control accurately, since the systems 
are also quite old this does not make maintenance easier. When the chillers were measured with electricity 
data loggers it was found that in the beginning of the measuring period the chillers seemed to have some 
sort of regulatory problem. The supplied power curve oscillated heavily back and forth between very low 
and extremely high values. This phenomenon occurred again one day later and the effect seemed to occur 
when there was an increase in cooling demand and the parallel compressors of the chillers was engaged.  
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Since the compressors are not controlled by speed but in stages, the effect was probably that when the 
cooling demand was too high to cope for one compressor, the second one was engaged at high level 
resulting in very high cooling capacity.  

When the cooling water supply temperature sensors discovered that there was too high cooling capacity, 
the parallel compressor switched off and the main compressor was lowered one stage at the same time, 
resulting in far too low cooling capacity. This effect results in an uncontrolled oscillation back and forth 
between too high and to low capacity. This phenomenon is quite common and hard to discover for 
maintenance personnel. The problem does however require large amounts of excess electricity due to the 
inrush current demanded for the start of the compressor. The start and stop procedure also creates large 
amounts of stress on the compressor material, which reduces its lifecycle and increase the need for 
maintenance. Therefore it is important to try and reduce these effects and possibly do a more thorough 
investigation of the chillers and the control systems. 

One possibility to reduce the supplied power to compressors and also pumps is to install frequency 
inverters, which enables variable speed drive and thus better regulation and control, so that capacity meets 
demand better. A more capital-intensive investment would be needed for this measure, but it would have 
the possibility of greatly reducing both pumping power and compressor power needed. It was discovered 
during walk through assessments of the facility, that one of the pumps serving the radiator system was 
running and having a high flow rate, even though there was a low demand, or possibly no demand at all. 
This could also be avoided by using other control strategies. 

A well planned control strategy is also important for the lighting in the building. Lighting is one of the 
most obvious loads that should not be present during night, or at very low level. The results from the 
survey show however, that the lowest lighting power draw in the building when there is no occupancy is 
roughly 12kW. When conducting a walkthrough of the building an early Sunday morning it is discovered 
that other buildings, such as the B building, has no lights on at all in corridors and offices, while every 
fourth light is turned on in the D building. This low level of lighting could be dropped to zero during 
nights and weekends. Since there are already time switches installed, these could be used to light a low 
level lighting if needed during no occupancy hours.  

This low level lighting could be the setting already used at nights. This is also the setting that should be 
preferred in some of the corridors during the day, since many of the corridors have large windows which 
allows daylight to enter. For example, the corridor lights could be turned on at around 06:00 or 07:00, at 
full capacity in winter when its dark, and low capacity in summer when its bright. Around 09:00 when it is 
light in both summer and winter the lighting level could drop to a lower level. At roughly 14:00 in the 
afternoon at winter the lighting level could increase again in winter, and around 17:00 in the summer. This 
would reduce the lighting use in corridors by at least five hours a day during winter and over eight hours a 
day during summer. Using better control and smarter schedules for the lighting, the supplied power for 
lighting could be reduced greatly.  

When studying the charts showing the measured supplied power for the different fixture types, it is 
obvious that there has been a reduction in supplied power when replacing old fixtures for new ones. What 
the chart does not show is that there are much fewer fixtures of the new type compared to the old ones. 
One measure that could be effective is to remove a lot of the old fixtures, since there are very many 
installed and very often to the extent that fixtures are not always used. There are some small offices that 
have three fixtures in one room compared to similar offices with new fixtures that have only one. 
Reducing the amount of unnecessary fixtures eliminate the possibility of them being used, and thus 
reduces the total amount of installed power able to be used.  

One of the issues with the lighting control in the building is the timer control. The timer is a switch on the 
wall that can be used by employees to extend the lighting beyond scheduled operation. When a switch is 
activated, all office lighting that has not been turned off at the fixture is lit, as well as lighting in office 
corridors and other corridors.  
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These timers could be removed completely, and the scheduled hours of light available in office spaces 
could be increased, corridor lights could be activated by time switches and schedules to avoid unnecessary 
hours of extra lighting. 

As mentioned before, the effects of the high computer use is not only increased power draw for the 
building, but also heat generated which needs to be removed via several steps of cooling systems, which in 
turn draws more electricity. Reducing the power draw from computers would not only greatly reduce the 
electrical power draw for the computers, but also for the dedicated cooling units, chillers and coolers. 
Even the need for high ventilation flow rate, and use of fan coils, could possibly be reduced by decreasing 
the computer use during low- or none occupancy hours. There are several ways to reduce the computer 
use during none occupancy hours. The lab halls have systems that need to operate constantly, but there 
are however several screens in these lab halls that are not turned off, and by turning the screens off, some 
heat generation will be reduced, as well as supplied power. The server rooms are also running on high load 
during the night, the load however varies between night and day, which indicates that they are depending 
on the number of people in the facility, and possibly the number of active computers linked to the servers. 
Reducing the number of active computer units during the night would possibly reduce the need for active 
servers, and thus reduce power draw and heat generated.  

From the results it can be seen that personal computer use during night constitutes roughly 9% of the 
total supplied electricity. This is partially due to computers in operation even at night, however the largest 
part is due to computers in stand by mode. A scenario where all employees would turn off their 
computers completely before leaving work is highly desirable, but very difficult to achieve. Instead using a 
more advanced form of computer stand by mode, such as “hibernation” or “hybrid sleep”, which are two 
methods of more efficient stand by modes, could potentially reduce the computer use at night. There are 
also solutions developed to turn on and off large amounts of computers via LAN (Local Area Network) 
without trouble or extra effort for the computer user. This type of control strategy could be utilized not 
only for the facility in Järfälla but centrally for Saab Group as well. By implementing better stand by 
modes and remote controlled power saving strategies for computers, the high electricity use and the heat 
generated could possibly be greatly reduced.  

One of the most complicated issues addressed during the survey is the question of occupancy hours; 
which time of day that people are present in the building, and for how long they stay and work. The 
occupancy hours were first assumed to be 06:00-18:00, but later it was discovered that this was not the 
case. When measuring the supplied power to the AHU’s, it was discovered that this system was running 
until 22:00, instead of 18:00 which was stated in the operational charts. This new schedule was due to 
many complaints about bad air quality in the evening. This is probably closely related to the heat generated 
from the computers in the building that heats the air and makes odor more easily detected.  

The supply air temperature set point is also set at 20 C which is relatively high with all the heat gains that 
are in the building. It is possible that this set point was calculated some time ago, and needs to be revised 
for the current activities in the building. Because of the high set point, a lot of heat recovery of the 
exhaust air is used. By lowering the set point some free cooling from the outside air could be used, and 
both the cooling demand and air flow rates could possibly be reduced. When conducting a walkthrough 
survey of the facility one early Sunday morning, it was also discovered that the exhaust air fan serving the 
WC-groups was running constantly. This was also shown in measurements since there was a small 
constant load during nights even when the AHU’s were turned off. One measure to take would be to 
control these exhaust fans on the same schedule as the AHU’s, as long as this does not cause bad odor in 
the building. 

The results show that roughly 90% of the building total power draw during night has been accounted for 
by measurements and calculations. The unaccounted loads are primarily loads that was hard to identify 
and measure, such as smaller loads in offices and pantry’s as well as certain rooms that was hard to 
measure due to strict security. It is known that a large percentage of the unaccounted loads are more 
computer related systems, which will only further add to the computer related loads. Therefore the 
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amount of loads accounted for is satisfying, and provides a good representation of the buildings power 
draw during night.  

The survey developed and executed proved to be a good way of systematically approaching the problem, 
piece-by-piece adding different loads and systems together until a final result could be presented. After the 
survey had been developed, the system boundary process was the first to be preformed. Measurements 
were conducted on the different buildings both in June and August, as well as in November to check for 
eventual inaccuracies in the first two measurement sessions. There were however no inconsistencies found 
between the summer values and the ones measured in November, which points towards an accurate 
execution of the system boundary process.  

When making the comparison for the building selection process it was important not to focus entirely on 
one variable, but to take several into account. Comparing buildings is very difficult, since energy use is 
completely depending on the activity type in the building. By using both the relative power draw of day 
and night, and power draw per unit area, it made it somewhat easier to make a good decision on which 
building should be the object of study, the scope defined also aided in the selection process. 

The energy system identification process, is a stage of the survey that span continuously throughout the 
survey process since there is so many different energy related systems in a building of this size. To 
accurately account for all energy systems in a building would be immensely difficult, and therefore it is 
important to try and focus on the large systems and to group certain loads together, such as computers 
and lights. By visually inspecting both lighting and computers, these loads could be accounted for with 
fairly good accuracy. The amount of lights and computers inspected and estimated, and the actual amount, 
could very well deviate some, but since there is an overall uncertainty and margin of error in all the 
assumptions and estimations, this will not have a profound effect on the final result and the conclusions 
that can be drawn. 

The measuring and calculation phase of the survey took place over a long period of time and was 
conducted in parallel with the energy system identification process. It was decided to initially measure the 
chillers and AHU’s, which gave good data both on occupancy hours and the high cooling demand 
baseline. Since data loggers was not available continuously throughout the projec,t many measurements 
was conducted using an electrical tester to measure the current momentarily. This data was then used to 
estimate the power draw for the measured unit.  

Calculating the power draw for the systems measured momentarily was done by using a basic equation, 
containing; current, voltage and power factor for the measured unit. Since there was no data for many of 
the units regarding the power factor, this value was estimated based on what type of load that was being 
measured. Motors typically have similar power factors, as do computers, and since these two types of 
loads were dominant, the same power factor was used for all motors, and another factor for computer 
related loads. This would assure that the results would depend more on the supplied current, than the 
power factor. This way of measuring and estimating values is inaccurate in many ways, but will produce 
more accurate values than by just estimating and calculating using manufacturer data for the different 
systems. And since there are many other factors tat influence the calculated supplied power, such as 
occupancy hours and large deviation in power draw, due to new installations or other disturbances that 
can occur, this method of measuring and calculating is regarded as accurate enough for its purpose. 

When calculating the final power draw and electricity consumption for several of the systems, estimations 
on the fraction of a system being used during certain hours had to be made. These assumptions regarding 
mostly computer use during night, and lighting level, was made from a combination of reviewing 
measured data, walkthroughs and talking to employees on site and trying to create a vision of what the 
reality of the situation was. From that information, general assumptions and estimations regarding the 
level of use were made.  
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When combining the sources of error from all the different parts of the survey it can be said that the 
survey is inaccurate. However when pointing out the purpose of the survey: to explain why the power 
draw is at the current level during night, the importance is not to have a very small margin of error, but to 
present the general tendencies and trends. There is also a great variety in the margin of error between the 
different energy systems identified, however, the results shows that the two largest groups of users; 
computer related loads and cooling related loads are very dominant. The highest power draw measured, 
(the chiller compressors) were also measured with good accuracy. This implies that while not all loads are 
measured exactly, conclusions on the level of power draw during night, and its possible origins can still be 
drawn with good accuracy, since the tendencies and trends are clearly presented in the result. Better 
availability to points of measurements, and more measuring equipment might have increased the accuracy 
of the results, and made for a better survey, however with the given possibilities, problem definition, time 
frame and objective, the survey was carried out with satisfying results. 
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8 Conclusion 
Several conclusions can be drawn, both regarding the power draw during night, and the reasons for why it 
is at the current level. From the survey developed and conducted it can be concluded that the power draw 
during night was due to the following reasons: 

• Very high level of computer units active during night, both from lab halls, server rooms and 
personal computers active or in stand by. 

• Very high cooling demand due to computer related loads, lead to high use of dedicated cooling 
units, chillers and cooler. 

• Control and regulatory related problems with chillers increase the power draw of the chiller 
compressors. 

• Control and regulatory related problems with cooler causes cooling fans to operate constantly 
above certain outdoors temperature levels. 

• High lighting level at night due to current lighting control strategy. 

• Very high lighting levels in late evenings due to timer switch control availability. 

• Ventilation running for four extra hours during non-occupancy. 

• Some sub-systems serving time controlled loads are operating constantly, instead of the same 
hours as the system they serve. 

• Pumps operating at constant speed and power draw without ability to regulate for demand. 

• Air compressors for fan coils operating constantly. 

Of the listed reasons for the high power draw during night, the relationship between the high computer 
use and cooling need has a huge, and by far greatest effect on the power draw. Since every kWh of 
electricity used in the computer will result in some heat generated, the amount of cooling needed to reject 
that heat also draws power. By reducing the computer use, the cooling need would decrease, and 
electricity savings would come from reduction in both cooling and computer use. There are also other 
measures that would reduce the power draw during night, as well as during the day. Non behavioral 
related measures found that can be taken in order to reduce the power draw of the building are: 

• Utilizing hibernation or hybrid sleep as a sleep mode for personal computers, instead of ordinary 
stand by and- or remotely controlling computer activity level. 

• Thoroughly investigating the chiller control and regulatory systems and try to eliminate control 
problems. 

• Setting a seasonal schedule, or ambient temperature dependence control for the cooler supply 
temperature set point to avoid unnecessary operation of cooling fans. 

• Install frequency inverters for chiller compressors and pumps to enable variable speed drive and 
ability to better match supply and demand. 

• Change the lighting strategy by using new corridor lighting schedules depending on season, apply 
the lighting time schedule to occupancy hours and reduce lighting level to zero during night. 

• Investigate the possibility of removing the timer switch for lighting control. 
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• Connect the sub-systems serving time controlled loads to operate the same hours as the system 
they serve. 

• Increase maintenance frequency on the coolers if needed to ensure good heat transfer and lower 
power draw. 

• Set the ventilation time schedule to meet the occupancy hours. 

• Remove old fixtures where there are to many installed, and replace with new ones if possible. 

• Investigate the possibility to lower the supply air set point and air flow rate of the ventilation 
system. 

The measures suggested vary in both complexity to execute and investment needed, ranging from 
relatively cheap control issues coolers, ventilation and lighting, to more capital intensive investments 
such as frequency inverters. The importance when implementing the measures for this facility is to 
reduce the cooling need for the building, since it constitutes such a large portion of the overall 
supplied power. Overall the building has great potential to increase its energy efficiency. By 
conducting the electricity survey systematically, the facility management department has received a 
variety of measures that may be implemented with varying levels of investments needed. First and 
foremost however, facility management, have with the survey conducted received an increased 
understanding of the buildings energy systems, and the way they are interrelated with each other 
regarding the electricity use.  
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9 Supplement  
 

9.1 Building data 
 

Measurements and calculations 

 

Equation used:  

Powernight
Powerday

*100 = reduction (%)  

Building Supplied power: Day Supplied power: Night Reduction during night 

A 1446,98 kW 821,95 kW 43,12% 

B 756,66 kW 476,01 kW 36,66% 

C 172,79 kW 73,92 kW 57,08% 

D 608,34 kW 504,53 kW 16,95% 

Average day and night supplied power and the reduction in supplied power during night in percent. 

 

Equations used:  

PowerNight * timenight = Energysupplied
 

Energy supplied to building during night (20:00-08:00), 12 hours. 

504,53*12 = 6054,36 kWh  
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9.2 Chillers and cooler 
 

Overview and system data 

 

Chiller name: Refrigerant: Compressors: Cooling power: 
Cooling water temp. 
in/out: 

KA03 R22 2*75 kW 476 kW 11 C/6 C 

KA02 R22 2*75 kW 476 kW 11 C/6 C 

KA01 (Reserve) R22 2*75 kW 476 kW 11 C/6 C 

Data sheet for the chillers. 

 

Measurements and calculations 

Equation used: 

P = I ⋅Uref ⋅ cosϕ  

Power(W)=Supplied Current (A) * Reference voltage(V)*Power factor 

Fan Name SF15 SF16 SF17 

Current measured 
for one phase: 

3,82 A 2,4 A 2,45 A 

Total current in 3 
phases: 

11,46 A 7,2 A 7,35 A 

Power factor: 0,8 0,8 0,8 

Ref voltage: 230 V 230 V 230 V 

Power: 2,11 kW 1,32 kW 1,35 kW 

  Average 
fan power: 1,59 kW 

Measurements on three brine cooler fans including power average. 

 

Equation used: 

1,59kW *12 = 19kW  

Power draw for 1 fan No. of fans in constant operation Total fan power draw 

1,59 kW 12 19 kW 

Power draw for one cooling fan and total fan power draw for 12 fans. 



 

-47- 
 

 

9.3 Dedicated cooling 
 

Overview and system data 

 

Floor: 
Estimated no. of 

cooling units: 

1st 7 

2nd 1 

3rd 6 

4th 7 

5th 6 

Total: 28 

Number of dedicated cooling units on each floor. 

 

Measurements and calculations 

Equation used: 

P = I ⋅Uref ⋅ cosϕ  

Power(W)=Supplied Current (A) * Reference voltage(V)*Power factor 

Floor: No of units: 
Total current per 
floor: 

Reference voltage 
and power factor Power: 

1 7 133 A 230 V Cosϕ=0,8 24,47 kW 

2 1 3 A 230 V Cosϕ=0,8 0,552 kW 

3 6 109 A 230 V Cosϕ=0,8 20,02 kW 

4 7 81,2 A 230 V Cosϕ=0,8 14,94 kW 

5 6 39,8 A 230 V Cosϕ=0,8 7,32 kW 

   Total : 67,3 kW 

Measurements of dedicated cooling units, current and power per floor and total power. 
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9.4 Pumps 
 

Overview and system data 

 

Pump name System Rated power: 

KB04-PK01 Cooling water 11 kW 

KB03-PK01B Cooling water 11 kW 

KB02-PK01B Cooling water 5,5 kW 

KB01-PK01B Cooling water 11 kW 

KM01-PK01B Cooler Brine 11 kW 

VS02-PV01B Hot water 4 kW 

VS03-PV01 Hot water 1,5 kW 

 Total: 55 kW 

Pump names and which systems the serve, along with rated power and speed.  

 

 

Measurements and calculations 
 

Equation used: 

P = I ⋅Uref ⋅ cosϕ  

Power(W)=Supplied Current (A) * Reference voltage(V)*Power factor 

Pump name: 
Total current 
in 3 phases: 

Reference voltage 
and power factor: 

Calculated 
power: 

KB04-PK01 51,36 A 230 V Cosϕ=0,8 9,60 kW 

KB03-PK01B 51,36 A 230 V Cosϕ=0,8 9,60 kW 

KB02-PK01B 21 A 230 V Cosϕ=0,8 3,86 kW 

KB01-PK01B 51.36 A 230 V Cosϕ=0,8 9,60 kW 

KM01-PK01B 51,36 A 230 V Cosϕ=0,8 9,60 kW 

VS02-PV01B 12,6 A 230 V Cosϕ=0,8 2,32 kW 

VS03-PV01 7,2 A 230 V Cosϕ=0,8 0,44 kW 

  Total: 45,0 kW 

Measurements of supplied current and calculated power for the pumps. 
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9.5 Server rooms 

Measurements and calculations 

Equation used:  

Powernight
Powerday

= night / day  

 

Date: Power draw: Day Power draw: Night (kW) Night/Day 

5 July 2011 35,2 kW 33,45 kW 0,95 

6 July 2011 39 kW 33 kW 0,846 

7 July 2011 39,84 kW 31,5 kW 0,791 

16 August 2011 36,4 kW 32,3 kW 0,887 

17 August 2011 40,37 kW 38,599 kW 0,956 

8 November 2011 38,4 kW 32,57 kW 0,848 

9 November 2011 39,38 kW 38,52 kW 0,978 

Average: (power draw) 
(night/day) 38,37 kW 34,28 kW 0,894 

Night and day power draw of the server rooms for different days, average of night and day power draw and average of fraction night/day. 

 

Equation used:  

Extra powerNight = Extra powerday * (Night Day)average  

 

Value: Day: Night: 

Average power draw: 38,37 kW 34,28 kW 

Extra measured constant power: 3,54 kW 3,54*0,894=3,165 kW 

Total power draw: 41,91 kW 37,445 kW 

Extra measured power draw for night and day, and total server room power draw, night and day. 
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9.6 Lighting 

Measurements and calculations 

 

Total extra hours for two floors after 18:00 during five days: 25,5 hours. (from measurements) 

Average extra hours lit per day and floor: 

25,5 hours /(2 floors*5 days)=2,55 hours extra hours per day and floor. 

 

 

Equation used:  

powerloss = powerinstalled * (1− lossfactor)  

Type of lamp No of lamps in 
fixture: 

Installed power 
per fixture: 

Power loss factor 
in fixture: 

Power draw per 
fixture including 
losses: 

18 W CFL 1 18 W 0,1 19,8 W 

28 W CFL 1 28 W 0,1 30,8 W 

60 W Incandescent 1 60 W 0 60 W 

36 W T8 LFL 2 72 W 0,2 86,4 W 

49 W T5 LFL 2 98 W 0 98 W 

The five main types of lamps used, the installed power per fixture, assumed loss factor for each type and total power including losses. 

 

Area: Installed power: Installed power inc losses: 

1st floor 11,84 kW 13,996 kW 

2nd floor 20,344 kW 24,0056 kW 

3rd floor 24,384 kW 28,7808 kW 

4th floor 20,648 kW 21,632 kW 

5th floor 18,198 kW 19,182 kW 

Stairwells 2,72 kW 3,208 kW 

Entrance  1,03 kW 1,133 kW 

Total: 99,164 kW 111,937 kW 

Installed lighting power per floor and including losses, total installed capacity for the building and including losses. 
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Equation used:  

powerdrawn = powerinc.loss * ( fractionlit )  

 

Estimated day and night supplied power for lighting in three different cases and the total lighting power draw both day and night. 

 

 

Lighted area: 
Installed power 
inc. losses Fraction lit: 

Power draw 
day: 

Power draw: 
night: 

Corridor, stairwells, 
entrance and restrooms. 20,0154 kW 

Day: 1 
Night: 0,25 20,0154 kW 5.0 kW 

Office corridors and lab 
halls. 27,8856 kW 

Day: 0,75 
Night: 0,25 20,9142 kW 6,97 kW 

Office space. 64,0364 kW 
Day: 0,75 
Night: 0 48,0273 kW 0 kW 

  
Total: 

88,957 kW 
11,97 kW 
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9.7 Computer labs 
 

Measurements and calculations 

 

Equation used: 

P = I ⋅Uref ⋅ cosϕ  

Power(W)=Supplied Current (A) * Reference voltage(V)*Power factor 

 

Lab name: 
Measured current 
in 3 phases:  

Voltage and power 
factor: Power draw: 

A 18.1 A 230 V Cosϕ=0,9 3,75 kW 

B 28,5 A 230 V Cosϕ=0,9 5,90 kW 

C 7,1 A 230 V Cosϕ=0,9 1,47 kW 

D 54,5 A 230 V Cosϕ=0,9 11,28 kW 

E 21,6 A 230 V Cosϕ=0,9 4,47 kW 

F 12,1 A 230 V Cosϕ=0,9 2,50 kW 

  Total:  29,37 kW 

 Measurement of power to 6 computer labs, total measured power and average lab hall power. 

 

Equations used:  

powerlabhall ,average = powermeasured ,6labhalls / 6  

powerlabhall ,total = powerlabhall ,average *13  

 

Group of lab halls: No. of lab halls Power draw: 

Measured lab halls: 6 29,37 kW 

Average lab hall: 1 4,895 kW 

Total: 13 63,65 kW 

Calculation of total supplied power to lab halls in building. 
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9.8 Personal computers 
 

Measurements and calculations 

 

Type of operation 
Power draw:13 

units 
Power draw: 1 

unit 
Power draw: 

925 units 

Day: 1,22 kW 93,46 W 86,45 kW 

Night-operation: 1,01 kW 77,58 W 71,76 kW 

Baseline: 0,66 kW 51,06 W 47,23 kW 

Power draw of 13 units, one unit and total units in building in different types of operation. 

 

 

Equations used:  

Fraction of computers left at night is 0,9. 

Number of computer units left at night is then 925*0,9=832,5 

Powerscenario = 832,5 * fractionunits,scenario * power1unit ,scenario  

Scenario: 
No of units in 
building at night: 

Fraction of units 
in scenario: 

Power draw for one 
unit: 

Power draw for 
scenario: 

Night operation 832,5 0,2 77,58 W 12,917 kW 

Baseline 832,5 0,75 51,06 W 31,880 kW 

Turned off 832,5 0,05 0 W 0 kW 

   Total:  44,797 kW 

Total supplied power to personal computers during night for the different scenarios and total computer power draw during night. 
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9.9 Miscellaneous 
 

Overview and system data 

 

Unit: Manufacturer: Rated power: Operational strategy: 

Air Compressors 
Gardner/Denver & 

Tamrotor 7,5 kW x 2 Always on 

Transformer EME 37 kW Time Schedule 

Hydraulic oil pumps VEM 7,5 kW x 2 Manually on/off 

Miscellaneous equipment with manufacturer, rated power and operational strategy. 

 

Measurements and calculations 
 

Equation used: 

P = I ⋅Uref ⋅ cosϕ  

Power(W)=Supplied Current (A) * Reference voltage(V)*Power factor 

 

Unit: 
Measured current  
in 3 phases: 

Reference voltage and 
power factor: Supplied power: day 

Air Compressors 25 A 230 V Cosϕ=0,8 4,6 kW 

Transformer 75,9 A 230 V Cosϕ=0,8 13,97 kW 

Hydraulic oil pumps 68,5 A 230 V Cosϕ=0,8 12,6 kW 

Measured current, power factor, reference voltage and calculated power for 5 miscellaneous units. 
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9.10 Total 
 

Measurements and calculations 

 

Equations used:  

Energysupplied ,system = timeoperational ,hours * powersystem  

Energy system: 
Operation 
level: 

Hours per 
night Power draw: 

Supplied electric 
energy: 

Chillers Baseline 12 h 127,42 kW 1529,04 kWh 

Coolers On 12 h 19 kW 228 kWh 

Dedicated cooling On 12 h 67,3 kW 807,6 kWh 

Pumps On 12 h 45,93 kW 551,16 kWh 

Ventilation AHU turned off 8 h 0,36 kW 2,88 kWh 

Ventilation AHU turned on 4 h 32,36 kW 129,44 kWh 

Server rooms On 12 h 37,445 kW 449,34 kWh 

Lighting Day level 2,5 h 88,957 kW 222,3925 kWh 

Lighting Night level 9,5 h 11,97 kW 113,715 kWh 

Computer labs On 12 h 63,64 kW 763,68 kWh 

Personal computers Night level 12 h 44,79 kW 537,56 kWh 

Air compressors On 12 h 4,6 kW 55,2 kWh 

Transformer On 1 h 13,96 kW 13,96 kWh 

   Total: 5403,97 kWh 

Operational level and hours active per night, Power draw and total electric energy supplied during night (20:00-08:00) divided among the 
different energy systems. 

 

Unaccounted loads 

 

Equations used:  

Energyunaccounted = Energybuilding − Energymeasured  

Energyunaccounted = 6054,36 kWh − 5401,9675 kWh = 652,393 kWh  
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