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Abstract 
 
Energy efficiency and conservation measures in hotels is an area of 
research at the Department of Energy Technology, Royal Institute of 
Technology in Stockholm (KTH), Sweden. As a continuation of the 
research work, this project was focused on a hotel's resource-use 
performance, considering both internal and external factors that 
influence their consumption. The work comprised a literature study on 
energy efficiency and conservation measures in the built environment, 
focusing on hotel buildings, as well as an analysis of existing building 
assessment tools. An auditing and monitoring process was applied at one 
Scandic hotel, Järva Krog, which was selected with the support of 
Scandic management. Another four Scandic hotels were included in this 
study, using their data on energy/water consumption for the past five 
years.  
 
The tourism industry is one of the world’s largest single industries, 
experiencing rapid expansion in recent decades. The number of 
international tourist arrivals increased from 441 million in 1990 to 763 
million in 2004 (WTO, 2005). The hotel industry forms the largest part 
of the tourism industry with more than 300 000 hotels worldwide. 
Hotels offer their lodging capacities with the highest possible comfort 
and quality, without compromise. High demands on comfort and the 
level of services offered require an intensive utilization of energy and 
water. 
 
The price of energy has been increasing continuously during the last few 
years, with electricity increasing 6 % on an annual basis, which has made 
energy expenses increase rapidly during the past years. Adding high 
energy costs to concerns about CO2 emissions, highlights the importance 
of accurate information for energy management within any hotel facility. 
A need to decrease energy expenditure demands depending of 
knowledge relating to hotel facility consumption.  
 
The objective of this thesis is to understand energy performance and 
energy distribution within one typical chain hotel facility, and how this 
understanding can be applied to a selected group of similar hotels as well 
as to define the relationship between the factors behind energy 
expenditure. Such factors include outdoor climate as an external 
quantitative factor; HVAC system efficiency, lighting, occupancy rate 
and number of food covers sold as internal quantitative factors; and 
personnel behavior, operation/maintenance routines/levels as internal 
qualitative factors.  
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Nomenclature 
 
 
a, b  Constants 
BBR Swedish national building regulation 
BREEAM Building environmental assessment method 
CDD Cooling degree days 
CEO Chief executive office 
CFC Chlorofluorocarbons  
COP1 Coefficient of performance of heating pump 
DC District cooling 
DH District heating 
DHW Domestic hot water 
E&  Power                                                (W) 
EPA Environmental Protection Agency 
F Significance factor                             (-) 
FF Air exhaust fan 
GN Number of guest nights                     (-) 
GNP Gross national product 
GT Temperature sensor 
h Enthalpy                                            (J/kg) 
HCFC  
HDD Heating degree day                            (-) 
HER Hilton environmental reporting 
HP  Heat pump 
HVAC  Heating ventilation and air-conditioning  
HVAC&R Heating ventilation and air-conditioning and 

refrigeration 
I Solar irradiation                                 (W/m²) 
KB  Space cooling secondary loop 
KP Space cooling primary loop 
LEED Building assessment system 
P Power                                                (W) 
p Pressure                                             (bar) 
Q Energy                                               (kWh) 
R² Coefficient of determination 
SBS Sustainable building systems 
SCB Swedish national statistic office 
Scandic SIR Scandic sustainability indicator reporting 
SJK Scandic Järva Krog 
SMHI  Swedish Meteorological and Hydrological Institute  
Std.Dev Standard deviation 
SV Regulation valve 
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SUS Scandic utility system 
T Temperature                                      (ºC) 
TA Air-handling unit 
TB Chilled beam 
TF Air supply fan 
V Volume                                              (m³) 
V&  Volume flow                                      (m³/s) 
VS  Space heating system 
VV Domestic hot water system 
VVX Heat exchanger 
VåV Heat recovery unit 
WTO  World Tourist Organization  
y Dependant variable  
x  Independent variable 
η  Efficiency                                           (-) 
υ  Specific volume                                  (m³/kg) 
  
  
Subscript  
DC District cooling 
DH District heating 
HW Domestic hot water 
is Isentropic 
K compressor 
n Number of constants 
SH Space heating 
  
  
Superscript  
n Number of independent variables 
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1 Introduction 
 
 

1.1 Introduction  
The tourism industry is one of the world’s largest single industries, 
experiencing rapid expansion in recent decades. The number of 
international tourist arrivals increased from 441 million in 1990 to 763 
million in 2004 (WTO, 2005). A vast number of these tourists have 
lodged in tourist facilities like hotels, motels, camping places and hostels. 
Among them, the hotel industry forms the largest part of the tourism 
industry with more than 300 000 hotels worldwide (Bohdanowicz, 2003).  
 
Hotels offer their lodging capacities with the  highest possible comfort 
and quality, without compromise, as lodging is their main source of 
income (Stipanuk, 2002) and guest rooms occupy between 65 % and 80 
%  of the total hotel space (Bohdanowicz, 2003; Rutes et al., 2001). 
Hotels often accommodate other activities and services within their 
facilities such as training events, cultural activities, exhibitions, 
educational and conference activities, and entertainment. High demands 
on comfort and the level of services offered require an intensive 
utilization of energy and water. Another important fact is increasing 
energy prices for the past few years, which directly affects hotel profit. 
Hotels are very vulnerable to the progressive rise in energy costs as they 
operate within narrow profit margins, from 3 to 6 % of total turnover 
(Pateman, 2001; Rutes et al., 2001). Electricity costs rise by 6 % in 
Sweden every year (Andersson and Chiaussa, 2007), and district heating 
costs have increased by 30 % during the last 7 years (VVS Forum, 6/7 
2008).   
 
Energy efficiency and conservation measures in hotels is an area of 
research at the Sustainable Building System (SBS) working group in the 
Department of Energy Technology, Royal Institute of Technology in 
Stockholm, Sweden. The research presented in this thesis is a 
continuation of a body of work presented in a Licentiate thesis 
(Bohdanowicz, 2003) on the topic of Environmental Impacts, 
Awareness, and Pro-Ecological Initiatives in the Hotel Industry, and in a 
line with a PhD thesis, which was presented in October 2006. 
 
As a continuation of the SBS group's work, this project was focused on a 
hotel's resource-use performance, considering both internal and external 
factors, which influence their consumption. The work comprised a 
literature study on energy efficiency and conservation measures in the 
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built environment, focusing on hotel buildings, as well as an analysis of 
existing building assessment tools. An auditing and monitoring process 
was deployed at one Scandic hotel, Järva Krog, situated in Stockholm, 
Sweden, which was selected with the support of Scandic management. 
Another four Scandic hotels were included in this study, using their data 
on energy/water consumption for the past five years.  
 
The thesis shows risks by energy benchmarking hotels of similar size and 
standard. Such benchmarking can give a non-complete and wrong 
picture of a hotel energy performance and mislead its management. As a 
comparison on a five similar hotels, shows that even small differences in 
a system/service can significantly affect energy consumption. A hotel 
unique systems and/or services must be identified and quantified to 
energy consumption and compare it with other similar systems/services 
prior to decision making in energy conservation measures.            
 
 

1.2 Objectives 
The price of energy has been increasing continuously during the last few 
years, with electricity increasing 6 % on an annual basis (Andersson and 
Chiaussa, 2007), which has made energy expenses increase rapidly during 
the past few years. Increasing demands for improved comfort, such as 
space cooling, generates higher energy consumption. Adding high energy 
costs to concerns about CO2 emissions highlights the importance of 
accurate information for energy management within any hotel facility. A 
need to decrease energy expenditure demands the deepening of 
knowledge relating to hotel facility consumption. Where does energy go? 
Why is so much energy used?  Why are expenses so high? These are the 
questions that concern every hotel management. The objective of this 
thesis is to understand energy performance and its distribution within a 
hotel facility. This study aims to gather the information necessary for 
hotel management, which will help them to make the right decisions 
about which investments will make a good return.  
 
The objective of this thesis is to understand energy performance and its 
distribution within one typical hotel facility, and how this understanding 
can be applied to a selected group of similar hotels as well as to define 
the relationship between the factors behind energy expenditure. Such 
factors include outdoor climate as an external quantitative factor; HVAC 
system efficiency, lighting, occupancy rate and number of food covers 
sold as internal quantitative factors; and personnel behavior, 
operation/maintenance routines/levels as internal qualitative factors.  
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The work aims to find and evaluate possible energy saving and 
conservation measures that can be implemented at Scandic Järva Krog, 
including both simple actions and sophisticated measures.   
 

1.3 Methodology 
In principle, a research process in the field of energy utilization in the 
built environment is a complex task, since a number of factors influence 
hotel energy performance, which are rather difficult to control and 
measure. For instance, climatic conditions, occupancy rates and services 
provided, all affect energy performance. These factors are difficult to 
measure and to model; and it is also difficult to obtain quantitative 
and/or qualitative data on their magnitude of influence. For instance, a 
hotel guest affects energy consumption by using hot water, by having the 
lights and TV switched on, etc. The guest’s behavior requires energy, of 
which the magnitude is very difficult to measure or control.      
 
The research method used in the work of this thesis consists of several 
steps. The first step was a literature survey in order to acquire current 
knowledge on energy performance in the built environment, with a focus 
on hotel facilities. As the next step, a case study, the Scandic hotel Järva 
Krog was chosen, to investigate. Scandic Järva Krog was an object where 
it was possible to apply auditing and monitoring processes together. The 
auditing and monitoring processes were identified as appropriate 
methods for evaluating energy performance in building sectors (Krarti, 
2000; Thumman and Younger, 2003; ASHRAE HVAC Applications, 
1999). The auditing process helped to gain an overview of the hotel's 
energy performance while the monitoring process included a long term 
sub-metering of energy flows within Järva Krog. The case study, Järva 
Krog, was selected due to the availability of system performance and 
resource consumption data, collected over a period of ten years, within 
the Scandic environmental reporting system, named SUS and later HER, 
as a part of Hilton International. The availability of such a database is 
rather limited in the hotel industry and presented in a few publications 
(Bohdanowicz et al., 2005; Chan et al., 2001; Chan, 2005; CHOSE, 2001; 
Deng and Burnett, 2002 and 2000; Deng, 2003; Martinac et al., 2001; 
Stipanuk, 2003a, 2003b, APEC, 1999) or hotel chain reports (Rezidor 
SAS, 2005). A statistical method, linear regression analysis, evaluated the 
database and generated correlation factors among the variables affecting 
energy/water consumption. The statistical analysis expanded further by 
including the databases of four Scandic hotels, with no additional 
instrumentation beyond the utility meters. The energy/water 
consumption of all five Scandic hotels was compared and evaluated, 
based on the hotels’ features, such as age, position, size, services 
provided and occupancy rates, with the help of linear regression analysis. 
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This comparison facilitated an understanding of the importance of these 
features on the overall energy/water performance.  
 
 

1.4 Limitations 
The author faced several limitations and problems in fulfilling the 
objectives, starting with the number of variables affecting energy 
consumption (climatic conditions, occupants’ behavior, and the large 
number and diversity of hotel services, including conference, sport, 
relaxation and entertainment activities) and also through physical 
limitations, such as installing sub-metering equipment or capturing the 
energy flows of particular end users.  
 
The sub-metering process was limited by difficulties in capturing the 
energy flows, where, for instance, physically separated lines supply one 
unit or where one line supplies energy to several end users. Further 
difficulties included capturing the flows with the available metering 
equipment. Another limitation on the measurement schemes was to 
avoid the guests’ access to the equipment, which could risk their safety.  
 
Another limitation was incomplete information and documentation on 
Scandic Järva Krog, its underlying building characteristics and the 
systems' features and descriptions. Scandic Järva Krog has undergone 
several reconstructions in recent years, when technical documentation 
was not sufficiently updated. Very limited details on heating and 
ventilation systems and the heat recovery system were available. This 
caused problems in understanding/analyzing the systems’ performance 
and basic characteristics, which were therefore assumed to some extent. 
Similar problems with limited documentation were faced in relation to 
the other Scandic hotels included in this research. In general, this was 
caused mainly due to the lack of man hours needed to update the old 
technical documentation. The same problem was present in a number of 
energy auditing projects performed by the SBS group.      
 
Discussions, with relevant personnel at Scandic and within the SBS 
group, including a literature survey, were conducted in order to estimate 
the relevant number of hotels, as the objects of this study. Initially, the 
plan was to elaborate five hotels in this research, since the basic 
characteristics and performance among all Scandic hotels varied to a 
large extent. During the preparatory period, the initial plan was changed 
and a decision made to focus solely on one facility, and Scandic Järva 
Krog was chosen. Scandic Järva Krog was identified as the facility which 
could best represent the entire Scandic chain, given by its number of 
features, such as: year of construction, size, type of hotel services, 



 13

occupational rate, HVAC systems, position (next to a highway, as most 
Scandic Hotels are situated), and available and complete database on 
energy/water consumption since 1996. Those characteristics helped to 
lower the number of observed objects from five to one, as the project 
findings were relevant to applied to the other Scandic facilities.  
 
Another constraint in including more hotels were limitations in available 
measuring equipment and a shortage of time available for the project, 
since the five hotels demanded additional equipment and time, both for 
the monitoring period and for the extensive data base to be evaluated.  
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2 Energy auditing and labeling 
tools 

 
 
 
Building energy management needs to evaluate its energy/water use by 
employing available tools and/or working procedures, such as auditing, 
monitoring, labeling, etc.  
 

2.1 Energy auditing and monitoring 
Auditing is a periodic evaluation of a facility's performance on a 
quantitative (considering energy, water consumption and waste 
generation) and a qualitative basis (including environmental measures, 
social initiatives, etc.) (NECP, 1983). The auditing process includes 
studying a system’s efficiency and its impacts on the surroundings. The 
process was finalized by proposing areas of possible improvement and 
actions to be taken. The American Hotel and Lodging Association 
(AH&LA) recognizes two main types of audit. An historical audit 
evaluates the impacts and operations that have happened in the past, and 
a diagnostic audit can be carried out in order to increase resource use 
efficiency and decrease the environmental footprint (AH&LA, 2001). 
The Australian national energy conservation program suggested a three-
phase approach to an audit (NECP, 1983): 
 
Phase One: An audit of historical data 
This consists of the collection and analysis of the company's records of 
resources use (energy, water, chemicals, consumables, etc.). It aims to 
determine the costs and quantities of resources use and periodical trends 
(monthly, annual, seasonal) in resource consumption and costs. 
 
Phase Two: The screening survey  
A low cost, quick, preliminary investigation using existing data indicating 
major resource use operations and systems. It determines the areas of 
interest for further investigation of low efficiency systems. 
 
Phase Three: Detailed investigation and analysis 
Potential systems identified through the screening survey should be 
analyzed. It screens the size of losses and potential actions to improve its 
operation. This phase involves rather expensive and time-consuming 
auditing but can justify its cost by screening areas and systems where 
potential improvements in cost effectiveness can be made.   
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A team organized by a hotel or by an outsourced contracted team can 
perform an auditing process. Auditing can be followed by a monitoring 
process that will provide a repeated performance evaluation of the 
system.  
 
Monitoring is a process of repetitive observation of one or more 
elements or indicators according to pre-arranged schedules over time 
and/or space. Monitoring records are very important and essential for 
later assessment of facility operations and performance evaluation. It is 
an essential component of any planning or management system 
(Newsome et al. 2002). The monitoring process enables the evaluation of 
major activities and variables of an operation in order to determine costs; 
resource use; effectiveness; economical, social, and environmental 
impacts; as well as the level of customers’ satisfaction. The monitoring 
process is included in the LEED credit system (see Table 2.1), which 
gives points in the energy category when a certain level of monitoring is 
implemented.  
 

2.2 Building assessment tools  
At present, there are many building environmental assessment tools 
available at the market. Building environmental assessment tools like 
LEED, BREEAM, GBTool, EcoEffect, HK-BEAM, Green Globes, 
Green Bulding are tools that are of interest to building owners. They 
assess overall environmental building performance.  There is also an 
energy declaration, which declares a building's energy performance.  
 
This research covers the most widespread and established tools, which 
are LEED and BREEAM, in the US and UK respectively. They include 
a qualitative/quantitative environmental analysis, and a scoring of most 
of the investigated categories. LEED and BREEAM give hints in order 
to achieve the score and then to rate a building. The score helps to assess 
the facility's environmental performance, including energy/water 
utilization, and to propose eventual actions in terms of resource use 
efficiency. Energy and water use performance is based on a quantitative 
analysis.  
 
EcoEffect is an environmental assessment tool based on life cycle 
analysis. The tool has been developed at the Royal Institute of 
Technology in Stockholm, Sweden. Available information is very limited, 
as is the number of assessed buildings. Kranzl showed that during 2004, 
15 buildings were assessed by EcoEffect (Kranzl, 2005). The method is 
mainly based on quantitative analysis. The tool evaluates the 
environmental footprint of a facility as a system. It sums all the 
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environmental effects of both inflows to the system (energy and 
materials) and outflows (waste, wastewater, and emissions). The 
environmental effect is calculated per square meter of area. Limited 
access to information is a drawback of the tool's availability, and the 
developers can only apply this proprietary method/product. (EcoEffect, 
2006; Forsberg and Malmborg, 2004). 
 
Green Globes is an online auditing tool established in the US, Canada, 
and the UK. It is mainly a qualitative building assessment tool rated 
against best practices and standards. It mainly caters to building owners 
and managers. The tool is only available free of charge from their British 
branch (Green Globes, 2006). Until 2005, 800 buildings were registered 
and 140 had been assessed by Green Globes (Kranzl, 2005).  
 
Very often, hotels rent buildings for their operations and therefore hotel 
management is more interested in the assessment of a building's 
operational performance than the building's overall environmental 
footprint. The operational performance includes an assessment of the 
energy/water supply to a building, and the chemical consumables used. 
This is of importance since it can be directly controlled/affected by a 
hotel operator. Nordic Swan, the EU Eco-label for tourist 
accommodation, provides tools for assessing a hotel's operational 
performance and giving labels to its achievements. These labeling tools 
are adapted for the hotel industry and consider a hotel's operational 
performance. 
 
 

2.2.1 BREEAM and LEED  
The Building Research Establishment, Ltd. (BRE) was developed in the 
early 90’s as the UK’s first building Environmental Assessment Method, 
named BREEAM (BREEAM, 2006).  Since then, several BREEAM 
assessment tools have been developed and adopted for different types of 
building: offices, eco homes, retail outlets, industries, schools, and health 
buildings. Up to 2005, 416 offices and 991 residential building were 
certified (Kranzl, 2005). The documents describing the assessment 
method are free and available from the BRE web-site as well as from the 
BREEAM office in Watford (Kranzl, 2005; BREEAM, 2006).  
 
The most relevant BREEAM assessment tool that can be applied to 
hotels is the Eco Homes tool, as it is made for residential buildings, and 
is therefore the closest to hotel buildings. The Eco Homes tool was 
developed in order to help owners, developers and designers of building 
to assess and eventually improve buildings' overall environmental 
performance.  
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BREEAM assesses categories, such as energy; transport; pollution; 
materials; water; land use and ecology; and health and well-being. Each 
category earns a certain number of credits. The sum of all the credits 
earned provides a building rating in the form of: Pass, Good, Very 
Good, and Excellent BREEAM.  
 
Members of the U.S. Green Building Council developed the LEED  
building assessment system (Leadership in Energy and Environmental 
Design) in 1998 (LEED, 2006). LEED is applied as the Energy Star 
program within the US building stock, which includes over 81 million 
buildings (Miller, 2006). Since 2000, about 1800 commercial buildings 
have applied for LEED certification and 300 have been certified 
(Fleishman, 2005). The documents describing the assessment method are 
free of charge and available from their web site (LEED, 2006).  
 
LEED has been developed for several applications, such as new 
commercial constructions and major renovation projects, existing 
building operations, commercial interior projects, core and shell projects, 
homes, and neighborhood development. LEED has a lodging category 
as one of its commercial building types, where the target issues are 
sustainable site development; water efficiency; energy and atmosphere; 
materials and resources; indoor environmental quality; and innovation 
and design process. For credits earned, LEED provides certified awards: 
Certified, Silver, Gold, and Platinum LEED.  
 

2.2.2 BREEAM and LEED categories 
The categories assessed by LEED and BREEAM during the building 
assessment process, considering both energy and water utilization, are 
compiled and presented in Table 2.1, and Table 2.2.  
 
Table 2.1 Credits given by LEED and BREEAM in the category of 
energy (BREEAM, 2000; LEED, 2001) 

Energy category 
Efficiency 
 
 
 
 
 
 
 
 
 
 

LEED: Optimize energy performance by 20 to 60 % for 
new and 10 to 50 % for existing buildings. The higher the 
optimization, the greater the number of credits obtained. 
LEED demands the establishment of the minimum level 
of efficiency for the base building, and systems based on 
ASHRAE/IESNA standard 90.1-1999 or local energy 
code requirements. 
BREEAM: Assessing transmission heat losses (of average 
U value) comparable with relevant building regulations. 
Credits are earned for better performance, and savings 
between 10 to 30 % for new and 3 to 15 % for existing 
buildings. 
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Renewable energy LEED: Introduction of on-site renewable energy from 5 
to 20 % of total energy use in the building.  
BREEAM: It takes into account renewable energy sources 
by cutting the total CO2 emission of mixed-used energy 
for water heating, space heating, pumps and fans, lights 
and appliances, and air conditioning. It also takes into 
account the total use of supplementary renewable energy.  

Building commissioning LEED: Building system commissioning is required, which 
aims to ensure the use and performance of elements and 
systems as designed. This typically includes HVAC, a 
sprinkler system, and lighting. 
BREEAM: No specific demand.  

CFC reduction LEED: Phase-out CFC refrigerants in HVAC&R 
equipment to zero use.  
BREEAM: No specific demand apart from the use of eco-
labeled white goods.  

Ozone-depletion  LEED: Phase-out HCFC and Halons from HVAC&R 
equipment. 
BREEAM: No specific demand. 

Measurement and 
Verification 

LEED: Measurement and verification credits will be 
awarded for the long-term measurement of performance 
in different areas. The following issues are targeted: 
lighting systems and controls; constant and variable motor 
loads; variable frequency drive operations; chiller 
efficiency at variable loads; cooling loads; recovery cycle 
efficiency ; air distribution static pressure level and 
ventilation air flows; boiler efficiency; building specific 
processes and energy efficiency systems and equipment.   
BREEAM: No specific demand. 

CO2 reduction LEED: No specific demand. 
BREEAM: Credits awarded for achieving a CO2 
reduction. Fewest credits are achieved at a pollution rate 
of ≤60 kgCO2/ (year and unit floor area). It also takes into 
account the energy mix used in building.  

Green power LEED: Two year contract to purchase power generated 
from renewable sources. 
BREEAM: Reduce pollution by encouraging locally 
generated renewable energy to supply at least 10 % of the 
demand for heating or non-heating electrical demand.  

 
Both assessment tools ask, for example, for a reduction of up to 30 %in 
heat losses due to transmission, or an optimization in energy 
performance of up to 60 % without explaining how the reduction and 
optimization can be achieved. LEED includes performance 
measurement and verification without a clear explanation of what should 
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be monitored, what analysis should be made and what evaluation 
method should be used. This makes the application of LEED more 
demanding on skills and more difficult to implement at a facility level. 
Water, as a category, is shown in Table 2.2. 
 
 
Table 2.2 Credits given by LEED and BREEAM in the category of 
water (BREEAM, 2000; LEED, 2001)  

Water category 
Efficiency LEED: The water efficiency category is based on a 

reduction in water use, earning credits by reducing 20 to 
30 % compared to the previous use (excluding water used 
for irrigation).  
BREEAM: It calculates credits by the average annual 
water consumption per bed space. Ratings are from 50 to 
less than 30 litres/bed space/year.   Recycled water and 
rainwater and gray water utilized for WC flushing is 
subtracted from the total amount of water consumed.   

External water use LEED: Limited to 50 % or potable water eliminated from 
landscape irrigation used, substituted by the use of 
captured rainwater or recycled site water.  
BREEAM:  System specified for rainwater collection for 
use in external landscape irrigation.  

Water reduction LEED: Credits are achieved by reducing the generation of 
wastewater by reducing the use of potable water for 
building sewage conveyance or by introducing wastewater 
treatment to a tertiary standard.  
BREEAM: No specific demand.  

 
All of the categories mentioned provide information to hotel 
management on areas of possible interest for improvements that can be 
further assessed by an external expert. Even a short description, in the 
form of a check-list, can be introduced and distributed among in-house 
engineers for their assessment of hotel performance.   
 
LEED and BREAM assessment tools are getting known in Sweden, and 
Sweden does not have such a tool, apart from the national building 
regulations, BBR, which gives guidance on standards to be applied to the 
construction of new and reconstruction of existing buildings. LEED and 
BREAM are applicable in the UK and US and are not fully up-to-date 
for Sweden. LEED and BREAM were not applied to this work, but the 
basic principles were taken into consideration.   
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2.3 Energy declaration 
Energy declaration is a response to EU directive 2002/91/EC by all EU 
member countries. Every EU member country adopted the directive by 
establishing an energy declaration program, which assesses a building's 
overall energy performance. Sweden created an energy declaration 
program as its own response to the directive (Boverket, 2007).  Energy 
declaration aims to assess energy consumption in buildings (total 
heating/cooling, hot water and electricity) per m2 of conditioned area 
space, with space temperatures above 10 ºC. Energy consumption 
compares to a reference value of 110 kWh/ m2/year for a new house, 
and statistical upper and lower borders for similar building. If the 
assessed value is drastically greater than the reference value, then cost 
effective energy savings measures must be described in the declaration. 
However, a building owner has no obligation to implement such 
measures. The declaration is valid for a 10-years period but it can be 
conducted as many times as the building owner requests.   
 
The energy declaration is a form which must be completed (Boverket 
2007), which registers address, age, space of conditioned area above 10 

ºC and total area, number of stairways, energy consumption, etc.     
 
Different types of buildings: residential, lodging facilities, restaurants, 
offices, food shops, retail units, shopping centers, schools, hospitals, 
indoor sport facilities and theaters are included in the form.  
 
Energy to be included is divided into: 

1. energy for space heating/cooling (kWh per year) which is 
divided into district heating, electricity, natural gas, wood, 
pellets, other bio fuels, direct electric heating, water-based 
electric heating, air-based electric heating, ground source heat 
pumps (HP), heat recovery HP, air-air based HP, air-water 
based HP, 

2. domestic hot water consumption (kWh per year), 
3. district cooling (kWh per year), 
4. solar panels (total panels area).  

 
Reported electricity consumption must be divided into: 

1. facility consumption (kWh per year), 
2. tenants' consumption (kWh per year), 
3. working activities' consumption (kWh per year), 
4. space cooling (kWh per year, if larger than 12 kW of cooling 

demand). 
 
 
  The declaration shows energy consumption values for:  
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1. space heating and domestic hot water consumption, 
2. total electricity consumption 
3. space heating/cooling consumption, 
4. electricity consumption excluding consumption by tenants and 

working activities.  
 
The declaration shall be posted at the entrance hall, clearly stating the 
total energy performance.    
    

2.4 Benchmarking 
Benchmarking is a process used in management, and particularly 
strategic management, in which organizations evaluate various aspects of 
their processes in relation to best practice, usually within own sector. 
This then allows the organization to develop plans on how to adopt such 
best practice, usually with the aim of increasing some aspects of 
performance. Benchmarking may be a one-off event, but it is often 
treated as a continuous process in which an organization continually 
seeks to challenge their practices (Wikipedia, 2006). 
 
According to Wöbel (2001), benchmarking can be performed at two 
levels. The first level is internal benchmarking within a company, 
between different sectors or sections in order to improve 
competitiveness, efficiency and support improvements. It provides easy 
access to the database, but external assessment is missing and can foster 
complacency. The second is external level benchmarking, comparing it 
with a number of organizations at different levels. It accommodates 
competitive benchmarking with rivals in the same business. There is also 
best practice benchmarking and benchmarking with non-competitive 
players. Sector benchmarking deals with a specific sector of the industry. 
External benchmarking offers a broader perspective, stimulates 
challenges, helps to overcome arrogance and complacency, and provides 
access to industry trends. The main disadvantage is rather limited access 
to data and the profiles of some industries.      
 
The benchmarking process provides/results in a number of performance 
indicators. The indicator type depends on the performance parameter 
that is of interest, and can be established for any type of facility. The 
indicators used most often for energy use in buildings are: Energy 
consumption J/m²month (year) (kWh/m²month (year)) or J/guest night 
month (year) (kWh/guest night month (year)); Water consumption 
m³/m²month (year) or m³/guest night month (year). The performance 
of energy input can also be expressed through pollutant emissions, such 
as greenhouse gas emissions kgCO2/ m² month (year) or kgCO2/guest 
night month (year).  
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The benchmark indicators, for instance kWh/m² or per guest night, help 
a hotel to compare/benchmark its energy performance with other hotels 
of a similar standard. The indicators can be of reasonably good value to a 
hotel manager in order to evaluate energy performance. The weakness of 
indicator base lines and best practice is a lack of sufficient data input. A 
lack of data can provide a base line with unrealistic values, which creates 
unreliable benchmarks and gives an inaccurate picture of a hotel's energy 
performance. For example, missing information on normalized energy 
consumption or occupancy rates can give the wrong impression of good 
energy performance.     
 

2.4.1 Hospitable Climates 
Hospitable climates is an online benchmarking tool based on standards 
and best practices. It was developed in the UK as an energy saving 
advisory program by The Carbon Trust in Hotel & Catering 
International Management (Hospitable Climate, 2006). 
 
The tool uses indicators of normalized energy use, carbon dioxide 
emission, and energy costs in order to compare a hotel with a typical 
hotel and best practice. This tool provides a range of advice to hotel 
managers on strategies for energy efficiency and conservation measures. 
  
The biggest drawback is that the tool is limited to UK standards. Carbon 
dioxide emissions, energy costs, best practice, and average hotel 
performance are compared with UK examples, so it is only applicable to 
the UK.              
 

2.5 The Swan, Scandinavian eco labeling 
Nordic Swan assesses a hotel’s environment and awards the 
achievements with the Swan eco label certificate. The Swan eco label is 
widely present and recognized in Scandinavia. It includes a number of 
products and services, as well as hotel services.  
 
The Nordic Swan certification process for hotels includes four criteria 
for assessment. Two of the criteria must be satisfied within a range of 
given values in order to comply with the certificate. The criteria are 
energy and water consumption, chemical products and waste 
management. By fulfilling three or more criteria, an extra credit will be 
awarded. Limiting values for each criteria are divided according to the 
Nordic Swan hotel classification, see Table 2.3.  
 
 



 23

Table 2.3 Nordic Swan classifications for different categories 
Class A Class B Class C 

Energy consumption (kWh/m²/year) (limit values are stated in a range 
according to climatic map of Scandinavia) 

From 295 to 475 From 265 to 445 From 250 to 430 
 
Water Consumption – limit values (liters/guest-night/year) (applied for 

use of all fresh water) 
300 250 200 

 
Chemical products – limit values (grams/guest-night) (applied for values 

used for cleaning and dishwashing) 
35 30 25 

 
Waste management – limit values (kg/guest-night) (applied for unsorted 

waste generation) 
1,35 0,9 0,45 

 
 

Classes A, B, and C were established according to several parameters 
expressed via occupancy rate and restaurant turnover, excluding energy 
consumption.  
 
Limits on energy consumption are dependent on a climatic map of 
Scandinavia in order to compromise broad climatic conditions. Table 2.4  
shows limit values on energy consumption for Stockholm region.  
 
Table 2.4 Nordic Swan energy classifications in the Stockholm region 

Class A Class B Class C 
Energy consumption (kWh/m²/year)  

320 290 275 
 
The four criteria are followed by a set of mandatory and point 
requirements in several categories, which are shown in Table 2.5. There 
is a set of extra points depending on the service provided.   
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Table 2.5 Categories to assess during Nordic Swan labeling 
Category Number of 

mandatory 
requirements 

Total number of 
points  
(number of 
different tasks) 

Operation and maintenance 4 25 (11) 
Offices and Consumables  4 20 (13) 
Guest rooms 1 13 (10) 
Kitchen and dining room 4 7,5 (4) 
Cleaning and laundry 5 11 (6) 
Waste 3 6 (3) 
Transport  3 (3) 
Extra points from the limit values  2p for more than 

mandatory 2 limit 
values 

Extra requirements for hotels with a 
conference department 

1 6 (5) 

Extra requirements for hotels with a pool  4 (4) 
Extra requirements for hotels with a 
garden 

2  

Environmental management 10 mandatory 
routines 

 

 
In order to achieve the Nordic Swan classification a hotel must satisfy all 
mandatory requirements and routines, and fulfill at least 65 % of the 
points through each of the categories. It should be noted that for each 
required task fulfilled, the hotel can be awarded from 0,5 to 3 points. For 
instance, the category “Operation and maintenance” has 11 different 
tasks and provides a total of 25 points. The Nordic Swan eco-labeling 
process is available in a document entitled “Nordic eco-labeling of 
Hotels and Youth hostels” which is valid from June 2007 until June 
2012. All Swedish Scandic hotels have been awarded the Swan eco label, 
in total, 93 Swedish hotels (Nordic Swan, 2008).  
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3 The Hotel Industry in Sweden 
 
 
 
The hotel sector belongs to the tourism industry, which is progressively 
growing in terms of the number of tourist arrivals worldwide, see Table 
3.1, employs a vast number of people, approximately 200 million people 
worldwide in 2002, and generated $6,3 trillion in economic activity 
(UNEP, 2003).   
 
Table 3.1 Number of international tourist arrivals for 1990, 2000, and 
2007 (WTO, 2008) 
 International tourist arrivals 

(million) 
Market share 

(%) 
 1990 2000 2007 2004 
World 441 681 903 100 
Europe 264,8 384,1 484,4 53,6 
Asia and Pacific 57,7 114,9 184,3 20,4 
Americas 92,8 128,2 142,5 15,8 
Africa 15,2 28,2 44,4 4,9 
Middle East 10 25,2 47,6 5,3 
 
The total number of tourist arrivals worldwide increased by nearly 200 % 
in the last 17 years. A region like Asia and Pacific grew by more than 
three times, compared to 17 years ago, while the Middle East region 
registered a growth of almost 5 times, as shown in Table 3.1. 
 
In 1997, the hotel sector numbered about 300 000 facilities worldwide 
(Bohdanowicz, 2003). The hotel facilities were distributed around the 
world, but the greatest proportion were located in the European 
Economic Area (EEA) and in North America, as Figure 3.1 shows.  
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Figure 3.1 Percentage distribution of hotels worldwide in 1997 
(Bohdanowicz, 2003)  
 
The actual number of hotel facilities throughout the world is increasing 
significantly, as a consequence of rapid economical development among 
the Asian giants like China and India. In 2007, China was the fourth 
country in terms of the number of international tourist arrivals (WTO, 
2008). 
    

3.1 The Swedish hotel industry 
The World Tourist Organization (WTO) in Tourism Highlights, 2008 
Edition, showed that Sweden achieved growth as high as 10 % in 
International tourist arrivals during 2007. The number of foreign tourist 
nights spent in Sweden has been gradually increasing for the last 15 
years. Due to this fact, the number of available facilities has been 
increasing as the result of the increasing number of over-night visitors. 
In 2001, the total number of Swedish hotels was 1 976, while in 2004 it 
was 1 834 (WTO, 2005). The number of available beds in the hotels 
increased from 160 000 in 1992 to 194 839 in 2001, and 190 894 in 2004, 
with an average occupancy rate of 46 % in 2003 and 45 % in 2004 
(WTO, 2005).  
 
Swedish hotel and restaurant industry makes a significant contribution to 
the national economy. In 2005, it employed 53 471 workers, which 
represents 42 % of the total number of workers in the Swedish tourism 
and travel industry. The total number of workers in the travel and 
tourism industry was more than the total number of workers employed 
by some of the largest national enterprises together, such as : Volvo AB, 
Volvo Cars, Ericsson, Skanska, Telia Sonera, Astra Zeneca, Scania, 
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H&M, etc.(Fakta om svensk turism, 2005). The tourism industry 
contributed 2,53 % to Swedish GNP and provided more income than 
the agricultural, forestry and fish industries together, which contributed 
just 1,86 %to GNP  in 2003.  Hotel businesses accounted for an annual 
turnover of 21billion SEK (SHR 2004).  
 
In The Swedish Tourist Authority's annual report, “Fakta om svensk 
turism”, regarding the financial impacts for Sweden, was reported that 
the number of guest nights accommodated 42 678 747 in 2004, of which 
32 965 665 were domestic tourists (Swedish tourist authority, 2005). 
Business guests accounted for almost 48 % of all guest nights sold, 
conference guests 15 %,  group guests10 % and finally 27 % represented 
by free travelers (SHR, 2004). 
  
The National Statistics Office (SCB) does not provide a figure for the 
total energy consumption of Swedish hotels. Instead, there is a figure 
representing total energy consumption by facilities, which includes 
hotels, restaurants, and student dormitories. In  2002, hotels, restaurants, 
and student dormitories occupied 4,9 % of the total Swedish building 
stock, equivalent to 6,5 million m², with an average energy consumption 
of 166±5 kWh/m² in 2002 (including district cooling and electricity for 
space cooling) (STEM, 2002; SCB, 2002).  
 

3.2 Factors influencing hotel performance   
By definition, the term “hotel” applies to an establishment supplying 
both food and lodging (Encyclopedia of Columbia University Press, 
2006). The first ever hotel was opened in Boston, in the US, in 1829, 
under name the Tremont (White, 1968). A hotel as a facility provides 
different services to its customers. Basic services are lodging and food 
and beverages but it can accommodate all kinds of other activities, such 
as entertainment, training events, cultural activities, exhibitions, 
conferences, education, etc.  
 
Hotels are divided into two basic types, which are: full-service and 
limited-service hotels, depending on the number of services provided. 
Full-service hotels offer full service around the clock, seven days a week. 
Such an operation demands intensive use of energy/water/consumables 
for lodging, kitchen, restaurant, conference and recreation/relaxation 
premises, etc., which also generates significant waste. Hotels with 
limited-service have no on-premise restaurants and provide only limited 
guest services, which therefore demands less energy/water/consumables 
for lodging and thus generates less waste.    
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3.3 Hotel structure 
A hotel as a system consists of several premises depending on the 
services provided. The basic hotel premises are guest rooms. They 
typically occupy between 65 and 80 % or more of the total hotel space 
(Bohdanowicz, 2003; Rutes et al., 2001). A full service hotel uses 70 to 
80 % of its space for guest rooms and corridors (Stipanuk, 2002). The 
size of guest rooms varies in area, from about 20 m² for a typical 
European hotel to over 76 m² in deluxe hotels and suites (Bohdanowicz, 
2003).  
 
Guest rooms are one of the main sources of hotel revenue (Stipanuk, 
2002; Ransley and Ingram, 2000). The guests mainly spend their time in 
their guest rooms. For this reason, hotels put considerable resources into 
providing a pleasant and comfortable atmosphere in the guest rooms.  
 
Public zones are another large area that makes up a hotel. These areas 
are the lobby, food and beverage outlets (bars, restaurant, dining hall), 
hallways, staircases, conference rooms, meeting rooms, health and sport 
facilities (gym, swimming pool, dressing rooms, massage rooms) and 
public washrooms (Stipanuk, 2002). The size of public areas can vary 
from 5 % in a budget hotel to 25 % at a conference center (Rutes et al. 
2001).    
 
Hotel personnel use service areas named “back of house”, in their daily 
work. Such areas include kitchen, engineering plant, administration 
offices, personnel dressing rooms, housekeeping personnel premises, 
storage rooms etc. These spaces are usually out of reach of the guest, and 
therefore kept to the minimum possible space (Stipanuk, 2002). In 
general, the size of such areas is between 10 and 15 % of the total floor 
area in all lodging types (Rutes et al. 2001).     
 

3.4 Energy consumption in hotels 
Hotel buildings are a commercial type of building. Compared to other 
commercial types of buildings, full-service hotels have high electricity 
consumption due to their extensive services.  
 
Table 3.2 Annual electricity use intensity for different categories of 
commercial buildings (EPA, 2006) 
Building type Health Restaurant Grocery Lodging Retail Office 
kWh/m²/year 239,9 565,12 164,6 164,6 164,6 177,5 
 
Table 3.2 shows different types of commercial buildings, including 
lodging facilities, where lodging includes buildings used to offer multiple 
accommodation for short-term or long-term residents. This includes 



 29

residential care buildings such as hotel, motel, inn or resort, retirement 
home, shelter, orphanage or children’s home, convent or monastery, 
dormitory, fraternity or sorority, nursing home, and assisted living or 
other residential care building (Stipanuk, 2003a). Therefore the lodging 
category mentioned in Table 3.2 is much broader than just the hotel 
sector and the figure presented does not represent hotels alone.  
 
There are many studies, which present energy use in the hotel sector. 
Some results presented in Table 3.3 shows a sample of energy use in 
hotels for different regions and hotel chains, mainly located in Europe.  
 
Table 3.3 Annual average energy use intensity in hotel buildings for 
different countries in Europe, the US, and for several hotel chains 
(Bohdanowicz, 2003; Rezidor SAS, 2005; HER) 
Country kWh/m²/year 
Greece (2001) 72 to 519 

 
Cyprus (2001) 102 to 370 
Portugal (2001) 99 to 444,6 
Italy (2001) 249 to 436 
London, UK (1988) 200 to 1 000 
USA (1999) 313,9 
Sweden (1999, 2001) 100 to 200 (1999) 

198 to 379 (2001) 
Hotel Chain  
Rezidor SAS (2004) 220 
Radisson SAS (2004) 280 
Scandic, Sweden (2004) 264 
 
The variation in energy use, as shown in Table 3.3, is due to large 
variations in services provided, hotel category, geographical location, 
energy used (oil, district heating/cooling, electricity, natural gas, etc.), 
energy management, maintenance, etc. It shows significant variation 
among countries, and even within the same country. Such variations 
demonstrate the complexity in hotel structures, and the diversification of 
many aspects. Stipanuk (2003a) even demonstrated the difficulties in 
classifying hotels in order to make a comparison, whereby he used 
statistical evaluation to calculate the variations within the same hotel 
category using a substantial database, see Table 3.4.   
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Table 3.4 Diversification of annual energy use intensity within different 
hotel categories throughout US (Stipanuk, 2003a) 
Standard of hotel 
 Average energy 

use intensity 
(kWh/m²) 

Standard 
deviation 
(kWh/m²) 

Number of 
hotels used 

in the 
analysis 

Luxury and upscale 396,8 110,6 265 
Resorts 406,9 144,8 49 
Midscale with food & beverage 312,3 70,2 34 
Extended stay 269,24 67 48 
 
A standard deviation of 27 % for luxury and upscale hotels or 22 % for 
midscale with food and beverage, from the average energy use, 
represents a large variation that is created mainly due to climate 
conditions, the type of supplied energy used, available technical systems, 
and services offered, even within the same hotel category. This list can 
be expanded with the added influence of building materials, maintenance 
quality, refurbishments, type of energy used, local energy policies, etc.  
 
Prior to implementing any energy savings measures, it is important to 
disaggregate energy expenditures among hotel end-users. This will enable 
an understanding of energy flows within a hotel and determine the 
largest energy consumers. Due to hotel’s performance, there are a 
number of energy intensive consumers. Such intensive end-users are 
listed in Tables 3.5 and 3.6.   
 
Table 3.5 Breakdown of energy and electricity distribution as a 
percentage (%) for hotels in different regions (Bohdanowicz, 2003; 
CHOSE 2001; EPA) 
 The U.S. 

(EPA) 
electricity 

distribution

Hong Kong 
(Bohdanowicz, 

2003) total 
energy 

Hong Kong 
(Bohdanowicz, 

2003) 
electricity 

EU 
(CHOSE, 

2001) 
total 

energy 
Heating 26   

48 Ventilation,  5 32 45 Cooling 19 
Lighting 16 12 17 7 
DHW 14   13 
Food & Beverage 8   25 
Refrigeration 4    
Laundry     
Lifts, escalators  5 7  
Pumps and el. Motors     
Non-electrical  28   
Miscellaneous  4 23 31 7 
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Table 3.6 Breakdown of energy and electricity distribution as a 
percentage (%) for hotels in different regions (Trung and Kumar, 2005; 
CHOSE 2001) 
 

Italy (CHOSE, 
2001)- total 

energy 

Cyprus 
(CHOSE, 

2001)- 
total 

energy 

Vietnamese 4* hotels 
(Trung and Kumar, 

2005) electricity 

Heating 24,7 20,7  
Air conditioning, 
ventilation,  13,1 18 53 
Cooling 
Lighting 36,5(+appliances) 7 26 
DHW 26,5 13,4 17 
Food & Beverage  14,5  
Refrigeration  2,5 

4 Laundry 2,7 6 
Lifts, escalators   
Pumps and motors  5,6 
Non-electrical    
Miscellaneous  2,6 5,6  
 
As indicated above top energy users are space conditioning, domestic 
hot water production, and food and beverage. These are the main areas 
of interest for energy management due to their potential in terms of 
decreasing energy dependency and cutting energy bills.  
 
The energy costs in a typical full-service hotel are between 4 to 6 % of 
the total revenue (Pateman, 2001) and 3 to 5 % (Rutes et al., 2001), or 3 
to 6 % of the total running costs (THERMIE, 1994). The ratio of energy 
cost to average net income from the total revenue for US hotels is 
around 2 % for corporations (Bizstats, 2006). Cutting the energy 
expenditure by 25 %, using simple, inexpensive measures with short 
payback time, can generate a profit of as much as 1 % of total revenue 
(EPA, Putting energy into profits, 2006). Energy reduction demonstrates 
the environmental awareness of hotel management. The reduction is 
very important in a region with continuous increases in energy prices, 
especially in developing countries, where a hotel provides a sustainable 
business.  
 
Examples of environmental responsibilities and proactive measures can 
be found both among individual facilities and larger businesses, and they 
include conference facilities such as Sånga Säby in Sweden (Martinac et 
al. 2001), hotel chains like Hilton International and Scandic 
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(Bohdanowicz et al. 2005), Accor (Accor, 2006). A hotel or corporation 
can create its own concept within which it can incorporate energy 
efficiency and conservation measures. For example, Starwood Hotels 
and Resort Worldwide Inc, with a portfolio of 740 properties, introduced 
an energy saving program where three workers are employed with the 
aim of investigating possible energy savings and training the hotels’ 
general managers/engineers in new technologies and routines, which are 
to be incorporated into the hotel's systems. The contracted ten year 
energy saving program started in 2000 (Fedrizzi and Rogers, 2002).  
 

3.5 Scandic   
Scandic is a hotel chain with 129 hotels distributed in ten countries in 
Northern Europe, the Baltic Sea region, Germany, the Netherlands, and 
Belgium. Scandic is one of the largest hotel chains in Sweden with 65 
hotels scattered throughout the country (Scandic, 2007). The chain 
operates full service hotels in the three and four-star categories, which 
are mainly situated close to main road connections (easy transfer to the 
city center, airport) or in city centers. Many Scandic hotels, in addition to 
providing lodging, food and beverages, also facilitate conference and 
entertainment activities. 
 
Scandic was chosen for the project due to the company's continuing 
determination to minimize its impact on the environment. By 
monitoring resource consumption, minimizing waste generation and 
upgrading the environmental awareness of their employees and 
customers since 1996, has made Scandic an important player in the 
transfer of knowledge and information to academia and industry. 
Scandic's on-going attempts to understand its performance, and to 
benchmark its hotels is what has provided the enormous data base 
studied in this project. The study will help to evaluate performance and 
create methods for understanding energy distribution inside one hotel.   
 

3.5.1 Actions towards sustainability  
Scandic has been a widely recognized brand in Scandinavia and has been 
present in the market since the sixties. In 2001, Scandic became a part of 
Hilton International. Since February 2006, Hilton International has been 
a part of Hilton Hotels Corporation. In 2007, Hilton sold Scandic to 
EQT Nordic Equity Fund.    
 
The economic crisis of the early 90s in Sweden resulted in a crisis at 
Scandic, which led to a change in the chief executive officer (CEO). 
Roland Nilsson was appointed as the new CEO, a new management 
team was put in place, which dealt with the crisis and created “The new 
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Scandic” image. In 1994, Scandic promoted a goal to be one of the most 
environmentally friendly companies in the hotel industry, to take a 
leading position and to work continuously to reduce the environmental 
impact of their business activities (Nattrass and Altomare, 1999). Karl-
Henrik Robert from The Natural Step was consulted to help Scandic set 
the environment as a basic value. The Natural Step is a non-profit 
organization which has been working to promote global sustainability 
since 1998. The following four basic scientific principles serve as the 
foundation for the Natural Step: 
 

In a Sustainable society, nature is not subject to systematically increasing … 
 

… the concentration of substances extracted from the Earth’s crust (use all 
mined materials efficiently, and systematically reduce 
dependence on fossil fuels) 

 
… concentrations of substances produced by society (substitute persistent 
and unnatural compounds with ones that are normally abundant 
or break down more easily in nature, and use all substances 
produced by society efficiency) 

 
… degradation by physical means (use only resources from well 
managed ecosystems, and use both resources and land more 
efficiency) 

 
and in that society 
… human needs are met worldwide (use all resources fairly and 
responsibly so that the needs of all people on  whom we have an 
impact, and the future needs of people who are not yet born, 
stand the best chance of being met). (The Natural Step, 2006; 
Nattrass and Altomare, 1999) 

 
The new Scandic management team, with help from the Natural Step 
and their four principles, created a course towards sustainability. The 
course included four components: an environmental guide, 
environmental meeting, environmental program, and environmental 
barometer.  
 
The environmental guide presented an educational platform in which 
most of the Scandic team members (“team member” is Hilton’s internal 
term for their personnel) participated. In 2001, a new version (interactive 
and intranet, in a digital-based form) of the educational portal has been 
introduced, named “Kunskapsportalen”. The education relates to the 
basic principles introduced by the Natural Step and possible actions that 
the team members could perform in their everyday routines. The 
educational program ends with a test with basic questions, based on 
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material mentioned in the educational program. The learning process 
lasts for two hours, and can be conducted during several intermittent 
sessions.   
 
The other three components dealt with the internal publishing of 
information regarding performance levels in comparison with other 
Scandic hotels (environmental barometer), and regular meetings where 
the team members discussed possible improvements in relation to 
Scandic’s sustainable development (environmental meetings). The last 
component, called the environmental program, included groups working 
on general suggestions for the reduction of environmental impact.  
 
A program, which considered resource consumption efficiency launched 
in 1996 as a new reporting system, namely Scandic Utility System (SUS).  
It was active until 2004. Since 1996, all Swedish Scandic hotels have been 
reporting monthly energy consumption (electricity for appliances and 
heating, oil, district heating/cooling, natural gas, liquid petroleum gas, 
propane/butane,), water consumption, and sorted/unsorted waste 
generation. The hotels have also been reporting heating degree-days 
(HDD), size of hotel area, number of guest nights, and turnover. The 
SUS generated a database, which enables the tracking of any changes in 
values reported since. It made it possible to compare a single hotel with 
the entire Scandic chain, variations in hotel/chain activity, and its affect 
on resource consumption. It could help in making suggestions for future 
renovations, by comparing it with already renovated hotels. Along with 
SUS reporting, the education and training of personnel responsible for 
reporting was shown as an essential factor for proper reporting. Table 
3.7 gives the number of hotels reporting and not reporting/missing 
proper reporting to the SUS.  
 
Table 3.7 Number of Scandic hotels reporting to the SUS system 
(Bohdanowicz et al., 2005) 

Year Properly 
reporting hotels 

Non-reporting 
hotels 

Hotels missing 
proper reporting 

1996 44 1 5 
1997 45 1 4 
1998 46 0 6 
1999 42 2 12 
2000 46 3 14 
2001 48 6 13 
2002 43 6 19 
2003 47 6 16 
 
Non-reporting hotels were those that were not filing data to the SUS, 
while the column “hotels missing proper reporting” were those hotels 
that made mistakes in filling in the SUS form. Those mistakes included 
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entering incorrect figures, using incorrect units, (e.g.  m³ mixed with kg, 
kWh instead of MWh). The list of reporting hotels gives an indication of 
the difficulties experienced while filling in the SUS forms. Increasing 
numbers of hotels missing proper reporting and non-reporting hotels 
could be related to renewing the personnel in charge of filling in the SUS 
form, or new members of the Scandic chain needing a certain amount of 
time to start with proper reporting. During the long period of reporting 
(10 years), a problem that arose was the decrease in initial enthusiasm 
among personnel and their saturation with issues of sustainable 
development. The SUS system was replaced in February 2004 by the 
more sophisticated Hilton Environmental Reporting system (HER). The 
HER was developed by Hilton International, which was based on the 
SUS, but more extensive, and requiring more information to be reported. 
The number of available guest rooms and different services, such as 
restaurant, conference rooms, gym, laundry, landscape space, and pools 
must be reported. There are also some details to be reported regarding 
existing engineering systems, such as combined heat and power plant, 
solar heaters, the total number of team members and the number of 
team members that operate the engineering systems. The type of waste 
recycling is to be reported along with unsorted waste generation. The 
energy mix, with all possible types of energy, such as electricity, oil, liquid 
petroleum gas, natural gas, heavy fuel oil, district heating/cooling units 
and renewable energy used must also be reported. The HER can also 
evaluate CO2 generation by knowing the energy mix used in a hotel. The 
HER allows a much greater scope for evaluation of the chain than the 
SUS. In 2007, due to the change in ownership, the HER was replaced 
with the Scandic SIR, Scandic Sustainability Indicator Reporting, which  
is a carbon copy of HER.  
 
Scandic took a decision to environmentally label all hotels. For that 
purpose Nordic Swan was chosen to assess and evaluate Scandic hotels’ 
performance. Nordic Swan issues the Scandinavian eco label, The Swan 
(see chapter 2.5). The process started in 2004 and by the end of 2006 all 
Nordic Scandic hotels had achieved this well recognized Scandinavian 
environmental award (Scandic, 2007).  
 
As part of the sustainability course of action, Scandic involved their 
suppliers in their environmental programs. The suppliers were 
committed to delivering products with a low environmental impact and 
the suppliers were given a Scandic Supplier Declaration to sign. The 
declaration expects a supplier to present its own environmental 
programs. The supplier’s declaration started in 2004 and since then all 
suppliers have been following the declaration (Bohdanowicz et al., 2005). 
For instance, outsourced laundry is provided by Swan certified laundries; 
shampoos and printing materials are Swan certified, and even many of 
the TVs are certified (Scandic-campaign, 2007).  
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The list of additional actions conducted at Scandic are as follows: all 
coffee served at Scandic hotels is fair-trade coffee, which is ca. 9 million 
cups every year, the hotel guests are encouraged to borrow bicycles while 
staying at Scandic in an action named “ride a bike”, 90 out of 91 cars 
purchased by Scandic since 2005 are alternative-fuel driven cars 
(Scandic-campaign, 2007). In October 2007, Scandic's environmental 
director stated their determination to achieve zero carbon emissions by 
2020, and that in four years the emissions will be half those of 1996 
(Dagens Nyheter, 03 October 2007). At present, Scanic hotel chain emits 
3,6 kg CO2 per guest night, compared to 5,7 kg CO2 in 1997. 
 

3.5.2 Scandic's contribution to society 
Since 1993 Scandic  has passed through many different stages on their 
course to become “one of the most environmentally friendly hotel 
chains”, which has brought experience and knowledge on the trip. The 
experience gained can be utilized as a role model for many other 
businesses that are behind or just beginning with their sustainability 
concepts. Their concept is proven by being willing to participate in this 
research and allowing access to their facilities, human resources, and 
database. Without their support, the project could not have been 
performed with the quality as it has been. The managers at Scandic Järva 
Krog were also eager to take into consideration any suggestions that are 
made while performing this research on their hotels. Team members at 
every level expressed an ambition to contribute and pleasure in 
contributing to the research. Such active participation in this project 
showed that the concept of sustainability, which was started by Scandic 
in the mid 1990’s, still exists and that it is very active. 
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4 Auditing and monitoring 
process at Scandic Järva Krog 

 
 
 
 
Energy auditing and monitoring processes were conducted at Scandic 
Järva Krog over several months, between April 2005 and January 2006. 
All the data presented in this chapter were collected at Scandic Järva 
Krog, by using technical documentation and discussing issues with 
technical and other relevant staff.  
 

4.1 The Scandic Järva Krog facility (SJK) 
Scandic Järva Krog is situated in the northern part of Stockholm City, 
next to highway E4, which enters the city from the northern side. It has 
215 guest rooms and 17 conference rooms, a restaurant seating 250 
guests, which is open to the public, and outdoor/indoor parking areas 
for hotel guests. Summer time tends to be rather low in conference 
activities and it is mainly tourists who occupy the hotel at this time, while 
during the rest of the year Järva Krog serves mostly business and 
conference guests.  
 

4.2 Description of the building structure  
The hotel was built in 1971, and is of a self-standing construction, with a 
gas station located at the northern end of the building. The hotel, as 
shown in Figure 4.1, consists of two integrated buildings of different 
heights, 11 300 m². The lower part was built in 1992 and reconstructed 
in 2001. The hotel’s 215 guest rooms covers 4 800 m² or ca. 42 % of the 
gross floor area. 
 
The height of the higher building is almost 36 m, the longer east-west 
axis is 37,5 m while the shorter north-south axis is 16 m. The building 
has 11 floors. Personnel and machine rooms use the first floor. The 
second and third floors serve public activities such as the dining hall, 
conference rooms, kitchen, offices, lobby, and recreational area. The 
guest rooms are distributed from the 4th to the 10th floor. There are 22 
guest rooms per floor, half oriented towards the north and the other half 
towards the south. The top floor is occupied by conference rooms. The 
lower, four-storey building, as an integrated part of the higher building, 
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represents one unit, used mainly for lodging, occupied by 71 guest 
rooms.   
 
The cellar, lying under the entire hotel, is occupied by rooms for 
personnel, and also contains system installations, such as electrical 
equipment, hot water, HVAC, the cooling system, an area for waste 
sorting, and a goods loading and unloading terminal.       
 
The building was reconstructed several times. There are no data 
describing the external layers, thus further details on the building's 
thermal properties are missing from this report.  
 
The façade is made of white aluminum sheets of high emissivity, ca 80 
%. Double-glazed windows with a wooden frame, coated with an 
external layer of aluminum. A distance of almost 8 cm between the panes 
provides an insulation performance where the value of U is 2,8 W/m2K 
(Pilkington, 2006). The glazing is sealed and no fresh air enters the space 
between the panes. The outer pane has a coating that prevents solar 
irradiation from penetrating the building. No data was available at SJK to 
describe the windows' energy performance, in order to estimate the solar 
contribution to heating, as the building’s south façade, as shown in 
Figure 4.2, is fully exposed to sun irradiation without any shading, which 
can protect from direct solar irradiation. 
 
 

 
Figure 4.1 SJK, view from the south-west 
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Figure 4.2 SJK, view from the south 
 
The hotel is equipped with a jacuzzi, with a capacity of three cubic meter 
of water, situated in the recreational area on the 2nd floor. It is supplied 
with fresh water every even hour, supplying a total of 200 liters of fresh 
water per day. The fresh water supplied is at a temperature of between 
30 and 35 ºC. The bubble pool is emptied and refilled with fresh water 
every three to fourth months.   
 

4.2.1 Guest rooms 
A guest room has an average size of 21 m², including bathroom, which is 
typical for most European hotels (Bohdanowicz, 2003). There are single, 
double and family rooms, all equipped with TV, kettle, and iron. There 
are several lamps, placed over the bed, on a table, and on the wall. Sixty 
guest rooms, scattered all over the hotel, are equipped with a master key 
card switcher. The guest rooms have exhaust ventilation with an exhaust 
duct in bathroom. Sixty-six guest rooms have radiant coolers to facilitate 
space cooling. 
     
A number of brochures are in the guest rooms with information 
explaining Scandic’s environmental policy and which invite the guests to 
participate in their environmental actions. The bathrooms have a sticker 
entitled “Ecological body language” providing information on towel re-
use, and the use of bulk packaging for shampoo and liquid soap, as 
shown in Figures 4.3, and 4.4.  
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Figure 4.3 Sticker in every bathroom, explaining towel re-use and bulk 
packaging for shampoo and liquid soap as part of the environmental 
actions at Scandic 
 
 

 
Figure 4.4 Bulk packaging of liquid soap in a bathroom, placed to the 
right of the sink 
 
Two brochures, explaining Scandic's environmental actions, are available 
in every room, as shown in Figure 4.5. The information given in Sunt 
Miljöförnuft and hållbarhet i praktiken is about Nordic Swan and other 
awards gained by Scandic, eco-rooms, environmentally friendly food 
(KRAV), an explanation on the hunt for resources program, the bulk 
packaging program for soap and shampoos that cut waste generation and 
waste recycling. The brochure includes an explanation about how to 
recycle waste. Another brochure, Välkommen till ett Svanmärkt hotell 
(Welcome to a hotel with the Nordic ecolabel) includes more details on 
the Swan label and its importance to society. Scandic programs are 
described in Chapter 3.5, and the Swan label is explained in Chapter 2.5. 
The brochures help guests to gain knowledge about Scandic’s 
understanding of and actions towards sustainability.      
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Figure 4.5 Brochures placed in every guest room explaining the 
environmental actions at Scandic 
 

4.2.2 Conference rooms 
Järva Krog accommodates a number of conference activities, which take 
place in 17 conference rooms spread all over the hotel: one conference 
room on the 2nd floor, four conference rooms on the 3rd floor, and 
twelve on the top (11th) floor. The conference rooms are of different 
sizes, accommodating up to 50 people/room. 
 

4.2.3 Garage 
The garage is located under a parking lot on the south side at cellar level. 
The external garage wall has openings, which generate natural 
ventilation, and therefore there is no mechanical ventilation.  
 

4.2.4 Kitchen 
Scandic Järva Krog’s kitchen provides meals for hotel guests, conference 
guests, and external restaurant visitors during dinner. The kitchen is 
equipped with a number of appliances, of which the largest consumers 
of energy, shown with their amperage load, are: steam-cooker 20 A; 
induction rings 20 A; frying pan 20 A; water-cooker 20 A; steak board 20 
A; salamander 20 A; coffee machine 16 A; convection oven - small 35A; 
convection oven – large 50 A; and dishwasher 63 A, with total combined 
electricity load of 284 A. All appliances are ON/OFF controlled by a 
head switch, located in the kitchen area, where the personnel have easy 
access to it. The last person in the kitchen shuts down power to the 
appliances and the first person starts up the appliances. The kitchen was 
renovated and equipped with energy efficient appliances in 2003. The 
new appliances are, for example, an induction ring, and steam-cooker. 
The lighting system consists of in total, 76 fluorescent lamps, each of 36 
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W, with a total light load of 2,736 kW. The lights are on most of the 
time, even during unoccupied night hours, from 00.00 to 06.00 during 
weekdays, and from 23.30 to 07.00 during weekends with possible 
exceptions. Such a working regime is due the kitchen’s stand-by mode, 
since the service is available 24 hours per day, with possible exceptions.  
 
The kitchen is supplied with mechanical ventilation and effective 
evacuation of hot and polluted kitchen air, which provides pleasant 
thermal comfort and indoor air quality to the kitchen staff, and no 
complaints from the stuff have been registered (Bengtsson, 2005).   
 
Cold storage is located in the kitchen area but it is outside the kitchen’s 
hot zones, which prevents direct contact between cold and hot zones. 
The storage is distributed to enable easy access and work without high 
disturbances from the kitchen’s hot spots. The cold storage operates at 
different temperature levels; one is for deep-freezing at -20 ºC and seven 
are at a medium storage temperature of 7 ºC. A storage room for organic 
waste is equipped with a cooling system. The storage is supplied with a 
cold fluid generated by five heat pumps positioned at one place, in the 
cellar. One heat pump supplies  -20 ºC for the deep-freezing chamber 
(number five in Table 4.1) and the other heat pumps (numbers one to 
four, in Table 4.1) supply 7 ºC, or 7,5 bar to the other cooling-chambers. 
All the heat pumps are of different sizes, were installed in 1999, and the 
technical specification is shown in Table 4.1. 
 
Table 4.1 List of heat pumps with basic features 

 
Refrigerant R404A is used, with a total refrigerant charge of 43 kg.  
 
The total electrical power installed for cold storage is 19 kW, according 
to Table 4.1. 
 
 
 

Heat 
pump 
number 

R404A 
charge 

(kg) 

Volumetric 
flow (m³/h) 

Compressors 
amperage (A) 

High 
pressure 

(bar) 
1 7,5 9,8 5,7 28 
2 10,5 19,5 9,5 28 
3 8,5 6,9 4 28 
4 8 13,3 7 28 
5 8,5 9,8 5,7 28 
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4.3 Description of SJK’s building services performance  
Space conditioning, hot water, and lighting have been provided by 
several systems that are integrated to a certain extent. The systems are 
described in more detail in this chapter, along with their control and 
regulation systems.  
 

4.3.1 Space heating 
Space heating is provided by a district heating (DH) network. A local 
utility company, Norrenergi, supplies heat to the hotel and has 
jurisdiction over the DH network until a heat exchanger VVX-VS1 (see 
Figure 4.6), placed in the machine room on the 1st floor. This part of the 
network names a primary loop. The secondary loop (on the right hand 
side of VVX-VS1 and VVX-VV1 in Figure 4.6) supplies heat to the 
space heating (VS1) and domestic hot water (VV) system. The building 
owner owns the secondary loop.  
 

 
Figure 4.6 Space and hot water heating station in Järva Krog 
 
 
The primary loop and the VS1 are regulated by outdoor temperature. 
Norrenergi regulates the supply temperature on the primary side, based 
on the outdoor temperature, and Figure 4.7 shows the real temperatures 
of supplied heat against the outdoor temperature. The supply 
temperature can be as high as 110 ºC for outdoor temperatures of -15 ºC 
and below. On the other hand, the lowest possible supply heat 
temperature is 70 ºC, with the exception of several points scattered in 
Figure 4.7 with temperatures below 60 ºC, which could be related to 
measurement errors or problems in hot water supply. The measurement 
data were obtained from Norrenergi, and therefore there is no clear 
explanation for the scattered points.  
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Figure 4.7 DH supply temperature to SJK versus outdoor temperature 
 
A temperature sensor (GT-VS11, in Figure 4.6) measures the current 
water supply temperature and compares it in the PI regulator with a set 
value (see Table 4.2) which is related to outdoor temperature. The PI 
regulator passes a signal to a regulation valve (SV-VS1), and then, by 
opening or closing the SV-VS1 regulates temperature at the VS1 loop. 
 
Table 4.2 Set temperature in space heating loop VS1 versus outdoor 
temperature 

Outdoor temperature Set temperature in space heating 
loop, VS1 

-20 ºC +60 ºC 
-10 ºC +53 ºC 
0 ºC +44 ºC 
20 ºC + 39,5 ºC 

 
The space heating system provides a satisfactory indoor air temperature 
during cold periods. Swedish Building regulations (Boverket, 2002; 
Hector, 1996) recommended indoor thermal comfort of lowest operative 
temperatures in the occupied zone , which are 18 ºC in inhabitable and 
work rooms and 20 ºC in domestic accommodation and in institutional 
premises, and in rooms for children in day nurseries and for the elderly 
in service buildings and similar. The regulations recommended that the 
difference in directional operative temperatures at different points in the 
occupied zone of a room should not exceed 5 K. Over a period of at 
least twenty visits to SJK between June 2005 and March 2006 the hotel 
façade was observed by eye, and during this observation  windows were 
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never seen to be opened to any extent because of indoor overheating 
occurring during the winter time, when tenants were forced to cool their 
rooms by opening the windows. The indoor air temperature of guest 
rooms and corridors was measured with an instantaneous thermocouple, 
twice during the winter time. The  temperatures measured in the guest 
rooms between the 7th and 10th floors were on average 25 ºC, which was 
the same as in the corridors, while in the lobby the average was 20,5 ºC. 
Guests complained neither about overheating nor cold indoor comfort 
to the hotel's personnel. Due to these facts, it was assumed that there is 
no major problem in space heating control, regulation and stability.  
 

4.3.2 Space cooling system 
 3680 m² of SJK's floor area (32 % of the total floor area) is cooled 
through the district cooling network, operated by Norrenergi, as shown 
Figure 4.8. The system consists of a primary loop, KP (under the 
authority of Norrenergi) and a secondary loop, KB, on the right hand 
side of the VVX1, as shown in Figure 4.8, which is under the authority 
of the building owneer. These two loops are separated by a heat 
exchanger, VVX1, with a total installed capacity of 400 kW. Currently, 
SJK accounts for about 240 kW of cooling capacity. An upgrade in 
cooling capacity to 400 kW is planned, by installing additional chilled 
beams in all guest rooms during the next retrofit.   
 
Regulation valves SV11 and SV12, placed on the primary side, regulate 
the secondary loop, KB. A higher cooling demand opens the valve and a 
greater flow on the primary side passes through the VVX1. A 
temperature sensor, GT11, controls the secondary loop supply 
temperature. The temperature of the space cooling system is set to +8 ºC 
for an outdoor temperature higher than 22 ºC; and 10 ºC for an outdoor 
temperature lower than 17 ºC. GT11 measures the cold brine supply 
temperature and compares it with a set value in the PI regulator. The PI 
regulator then sends a signal to the SV12/SV11, which opens or closes 
the KP loop.   
The return temperature, measured by GT21, is limited to the lowest 
value of 16ºC, which provides a signal to the PI regulator on the primary 
side. If the return temperature, registered by GT12, is lower than 16 ºC, 
then SJK has to pay a penalty to the DC supplier, Norrenergi, as the DC 
network operates on a temperature difference between the supply and 
return line.   
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Figure 4.8 Space cooling station in SJK 
 

4.3.3 Ventilation system 
Two air-handling units supply fresh air to the lobby, reception, dining 
hall, offices, kitchen, corridors and conference rooms. One air-handling 
unit, named TA10, is located on the 2nd floor and serves the 2nd and 3rd 
floors. Air is supplied with a frequency-controlled fan (TF01) with a 
capacity of 7,22 m³/s or 8,4 kW. The system is equipped with a heat 
exchanger with a capacity of 106,8 kW, which works as a heat recovery 
system when space heating is required or as an air cooler when space 
cooling is demanded from the system. The system has an additional heat 
exchanger to supply the necessary heating to the supplied fresh air, with 
a capacity of 177,8  kW.  
Two air exhaust systems, driven by two fans, TA10-FF16 and TA10-
FF17, are located on the roof. FF16 evacuates air from the lobby, 
reception, dining hall, offices, conference rooms and other rooms on the 
2nd and 3rd floors and FF17 evacuates air from the hotel's guest rooms 
through exhaust ducts placed in the bathrooms.  Both fans have a total 
capacity of 7,2 m³/s or 11 kW power effect. The exhaust lines are 
equipped with heat recovery heat exchangers, placed before the exhaust 
fans and together have a capacity of 101,1 kW, and are coupled with the 
TA10 unit.  
 
The ventilation is demand controlled by using flow dampers, placed on 
the 3rd floor. They serve the dining hall, and every conference room 
separately. The dampers decrease airflow to 30 % during times when the 
conference rooms are unoccupied, and to a half in the dining hall. 
Throttling the flow with the dampers, affects the pressure in the air 
system, which then decreases the fan power and lowers the air flow with 
help of the frequency controller.  
 
Another air-handling unit, named TA15, is located on the 12th floor, and 
serves the 11th floor and the corridors from the 4th to the 10th floor. A 
supply fan, TA15-TF1, has a capacity of 2 m³/s or 3 kW. This system is 
coupled with an exhaust system that is served by fans TA15-FF1 and 
TA15-FF2 of airflow 2 m³/s or 3 kW combined capacity . The TA15 
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unit is equipped with a heat recovery (capacity 50 kW) and a heat 
exchanger to heat the fresh air. Both ventilation units TA10 and TA15 
electric power demands are frequency controlled.  
Every conference room is equipped the flow dumpers, to control air 
flow by using moving sensors. The sensor passes a signal to a dumper 
when movement is detected. The dampers can regulate the airflow in a 
range between 15 and 100 %. When the sensor does not register any 
movement the flow is reduced to 15 % or it is opened 100 % when the 
sensor registers movement in a room. The same system with moving 
sensors is installed in the conference rooms on the 3rd floor.  
 
The ventilation system has an additional three exhausts and one supply 
fan. They serve the air exhausts for the kitchen and waste separation 
terminal, and the machine room's fresh air supply fan. These extra fans 
are of much lower capacities than those in the TA10 and TA15 units.     
 

4.3.4 Chilled beams in the ventilation system   
Chilled beams are used to regulate thermal comfort in public spaces on 
the 2nd , 3rd , and 11th floors. They cool the supplied fresh air into the 
public space until set temperature. They can cool supplied air up to a 
difference of 9,5 ºC between it and the incoming temperature. The 
beams hang on the ceilings. The capacity of the installed chilled beams 
on the 2nd and 3rd floors is 33 kW and 52 kW respectively, while that on 
the 11th floor has a 60 kW cooling capacity.  
 
Personnel can directly regulate the chilled beams by adjusting the indoor 
air temperature regulator to a temperature of between 19 ºC and 25 ºC. 
They will be in full operation or closed by setting an indoor air 
temperature of 19 ºC or 25 ºC, respectively.  
 

4.3.5 Cooling of the guest rooms 
The 8, 9, and 10th  floors, or 66 guest rooms, are equipped with passive 
chilled beams, see Figure 4.9, which facilitate space cooling. The beam is 
placed beneath the ceiling, near the window. It is covered at the lowest 
level by a perforated.   
 
The guest rooms were observed during three walk-in audits in July 2005, 
at approximately midday. The audits showed that not a single window 
was open in prepared non-occupied guest rooms. At the same time, in 
two out of four unprepared guest rooms, the windows were open. This 
could cause additional overheating in guest rooms in summer and could 
eventually create condensation in the chilled beam during hot/humid 
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summer days. In every prepared guest room the curtains were pulled 
back, which enables the sun's rays to penetrate through the glazing.   
 
 

 
Figure 4.9 Passive chilled beam in a guest room ceiling 
 
 
The passive chilled beams are controlled by the outdoor dew point, 
where the cold water temperature inlet to the beam should not be lower 
than Tdew+1 ºC, and the minimum should be 14 ºC. The system is 
regulated by measuring the cold water temperature inlet to the coolers. 
Every floor has a regulation vale that regulates the temperature supplied 
to the chilled beams.  
 

4.3.6 Domestic hot water system 
Domestic hot water (VV) is produced in a heat exchanger (VVX-VV1) 
by heating up cold fresh water, as shown in Figure 4.6. The temperature 
of domestic hot water (VV) is required to be at least 55 ºC, due to 
legionella, which is a genus of bacteria that causes a type of pneumonia 
known as Legionaires Disease (EPA, 2006).  The temperature is 
regulated by a temperature sensor (GT-VV1) and a system of regulation 
valves (SV1-VV and SV2-VV), see Figure 4.6. The loop has an additional 
hot water circulation loop, called VV-recirculation, which circulates hot 
water in order to provide an instant hot temperature in every guest 
room. A towel dryer system is connected to the VV-recirculation loop, 
which is installed in every bathroom, as shown in Figure 4.10. In total, 
there are 215 towel dryers. Every single dryer has a capacity of 70 W, 
which is equivalent to a total power of 15,05 kW.  
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Figure 4.10 Towel dryer in a bathroom, heated using the domestic hot 
water system 
 

4.3.7 Lighting  
The lighting system has a total installed power of approximately 80 kW. 
The system uses only energy efficient fluorescent tubes with a low power 
usage (18 W and 36 W) and high illumination effect. In general, the 
lighting system can be divided into lights that are in operation 24 hours a 
day, 7 days a week (with a lighting power of approximately 25 kW), and 
lights that are in operation only when there is a need. Permanent 
artificially illuminated places are the lobby, hotel corridors, staircases, and 
rooms used by the hotel's personnel. The rest of the lights are only in use 
when there is a need for them, such as in guest rooms, the dining hall, 
conference rooms, etc.   

 
Figure 4.11 View to corridor lights hanging over entrances to the guest 
rooms 
 
Every hotel corridor, within the guest room area, is illuminated with 60 
fluorescent lamps (of 16 W each) and 2 wall lamps (of 18 W each). The 
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illumination of the corridors is time controlled. Between 11.00 and 16.00, 
half the lights are in operation. During the rest of the day every single 
light is turned on. Figure 4.11 shows a corridor in the guest room area 
with lights in on-mode (right hand side) and off-mode (left hand side) 
above the door.  
 
The garage has moving sensors to control the lighting. The lights are in 
operation when there is a registered movement. 
 

4.3.8 Temperature regulation in the guest rooms and public 
spaces  

The guest rooms are equipped with a manual indoor air temperature 
regulator, as shown in Figure 4.12. It regulates indoor air temperature 
from 19 ºC to 24 ºC. The manual regulator is connected to two control 
valves, one placed on the heating radiator and another on chilled beam. 
By setting a position of 19 ºC the heater is closed and by setting a 
position at 24 ºC the chilled beam is closed. When a guest sets the 
regulator to 19 ºC, the radiator shuts down and the radiant cooler 
operates fully. If the temperature sinks below 19 ºC the radiant cooler 
shuts down until the temperature rises to 19 ºC. A similar process occurs 
if a guest sets the regulator to 24 ºC. The chilled beam is turned off and 
the heater operates fully. If the indoor temperature rises to above 24 ºC, 
the heater will be closed until the indoor temperature sinks to below 24 
ºC.  

 
Figure 4.12 Manual temperature regulator in a guest room 
 
The indoor temperature in public spaces is controlled manually, using 
the same principle as in the guest rooms, with personnel operating the 
regulators.  
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4.3.9 Master key card switcher 
60 rooms are equipped with master key card switchers, as shown in 
Figure 4.13.  It is used to cut electrical power supply while a guest is 
absent from his/her room. Every guest room on the 9th and 10th floors 
and some other guest rooms, scattered throughout the other floors, are 
thus equipped. The master key card switcher controls the bathroom (16 
W) and wall light (18 W). The other electrical consumers, i.e. three lamps 
(over the bed and table), TV, mini bar, and all other plugs are not 
connected to the master key card switcher. In total 34 W of installed 
power is connected to the master key card switcher and the rest, total of 
156 W, is not connected, excluding mini bar and all available plugs. 
Connecting the other two table lamps plus the TV to a master key card 
switcher could save an additional amount of approximately 0,345 
kWh/day/room in empty rooms. The payback time for equipping the 
rest of the hotel's rooms with master key card switchers is 3 - 4 years 
(Bass Hotels & Resorts, 2001). 
 
 

 
Figure 4.13 Master key card switcher in a guest room 
 
During random walk-in audits, when, in total, 22 unoccupied guest 
rooms were visited, not a single appliance was in on mode apart from 
TVs  on stand-by mode and mini bars which operates all day around. 
The occupied guest rooms could be empty for long periods of the day, 
during which time the appliances could be running. The occupied guest 
rooms were not visited during the audits.    
 

4.3.10 Heat recovery system from the cooling machines 
 
There is a heat recovery system installed on the condenser side of the 
heat pumps, utilized to produce a low temperature fluid for the cold 
storage. The system design is shown in Figure 4.14.  
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Figure 4.14 Heat recovery system from the heat pumps 
 
There are five heat pumps, and the electrical power is presented in 
Figure 4.14 and Table 4.1. There is a collector that compiles all the 
condensers' cooling water. The condensers' cooling water cools down 
either in a dry cooler or in the space heating system. The system for  
water cooling of the condenser is controlled by outlet temperature from 
the condenser collector. If the temperature VåV-GT1 is over 40 ºC, then 
VåV-AV1 is opened and the heat will be recovered by the space heating 
loop. On the contrary, for temperatures lower than 40 ºC, KM1 SV is 
opened (while VåV-AV1 is closed) and the cooling water of the 
condenser is cooled by passing through the dry cooler, which is placed in 
the garage space.    
 

4.4 Energy consumption 
The facilities and services at SJK which are the most energy intensive are 
space heating and cooling, domestic hot water, lighting, the kitchen, cold 
storage, and the bubble pool.  
 
 The average normalized energy consumption per guest night at SJK is at 
almost the same level as the average normalized energy consumption at 
Scandic in Sweden for the years 2003 and 2004, as shown in Figure 4.15.  
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Figure 4.15 Annual energy consumption per guest night at Järva Krog 
and at Scandic-Sweden 
 
Since 1996, SJK has been reporting energy consumption to the SUS 
system, which created a tool to determine trends in energy use during the 
last years, as shown in Figure 4.16.  
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Figure 4.16 Järva Krog’s energy consumption and number of guest 
nights 
 
The sudden drop in total energy consumption for 1999 and 2000 can be 
associated with slightly warmer years, as shown in Table 4.3.  
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Table 4.3 Annual average outdoor temperature in Stockholm (SMHI) 
Stockholm's annual average outdoor temperature (ºC) from 1997 to 
2004, SMHI 
1997 1998 1999 2000 2001 2002 2003 2004 
7,7 6,1 8,14 8,4 7,46 8 7,6 7,5 
 
During the reporting period, SJK has been under reconstruction several 
times. The largest change was made in October 1999 by replacing an oil 
boiler and connecting the hotel to the district heating network. By 
replacing the oil boiler, heat loss due boiler exhaust gases was completely 
eliminated (the boiler's efficiency was estimated to be 90 %). The second 
large investment was the disconnection of electricity driven chiller and 
the connection to the district cooling network in July 2004. At the same 
time, almost 60 kW of cooling load was added by installing space cooling 
in the guest rooms.  
 
The reconstructions carried out directly affected total energy 
consumption by improving thermal comfort, for instance through the 
installation of space cooling in the guest rooms. Over the reconstruction 
period, there have been a number of appliance upgrades (in the kitchen, 
and offices) to more energy efficient appliances.  
 
The total energy consumption between 2001 and 2004 was at a constant 
level, compared to the period from 1996 to 1998. There was also a slight 
decrease, of 5 %, in total energy consumption during the period 2001 to 
2004, compared to the period from 1996 to 1998, although better 
thermal comfort was provided.      
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Figure 4.17 Järva Krog energy consumption per gross floor area 
 
Energy consumption per gross floor area is presented in Figure 4.17. 
Around 270 kWh/m²/year is a rather low figure compared with the 
normalized average energy use of US lodging buildings, which is 401 
kWh/m² (Deng, 2003). Furthermore, compared to Radisson SAS, 281 
kWh/m², and Rezidor SAS, 220 kWh/m² (Rezidor SAS, 2005), SJK has 
already achieved high level in responsible energy management. SJK’s 
energy consumption complies with the limits defined by Swan eco 
labelling for Class A, which specifies a maximum consumption of 
between 280 and 420 kWh/m²/year.  
 

4.4.1 DH, DC, and electricity consumption 
The DH, DC, and electricity consumption will be analyzed based on data 
collected from the utility companies. Installed metering systems allow the 
recording of consumption on an hourly basis, and also included is the 
outdoor temperature and supply temperature of the DH and DC. The 
DH/DC utility company, Norrenergi, and the electricity utility company, 
Vattenfall, provided data used in this analysis. Figures 4.18, 4.19, 4.20, 
and 4.22 show hourly consumption of DH, DC, and electricity versus 
outdoor temperature, from January to December 2005, including a linear 
regression line with a coefficient of determination R².  More on linear 
regression analysis is presented in Chapter 5. 
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Figure 4.18 Järva Krog district heating consumption on an hourly basis 
 
The lowest possible DH power load was 30 kW, presented as a base load 
for heat energy consumption in 2005. The base load was utilized for 
domestic hot water consumption and circulation. The base load energy 
accounted for temperature losses and tap water consumption. The 
vertical scale in Figure 4.18 has a large span, which relates to a rather 
large DH consumption during cold periods. Heating demand varies from 
the base load of 30 kW up to 600 kW for an outdoor temperature of 
below -10 ºC. This shows that SJK sees a strong relationship between 
DH consumption and outdoor temperature. The coefficient of 
determination R² explains a linear line representing DH consumption in 
correlation with outdoor temperature.  The line predicts DH expenditure 
against outdoor temperature with a certainty of 85,7 %. The model 
equation shown in Figure 4.18 is 31,276·048,13 +−= xy , which 
indicates that for every 1 ºC increase in  outdoor temperature, DH 
consumption will fall by nearly 13 kWh, and 276,31 is the base heat 
demand for a temperature of 0 ºC.  y represents the vertical axis (DH 
consumption in kWh) and x represents the horizontal axis (outdoor 
temperature in ºC).   
 
DC consumption was registered even during very low outdoor 
temperatures, as shown in Figure 4.19. The maximum cooling load 
registered during 2005 was 170 kW, and the minimum cooling load 
registered was 0 kW. 
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Figure 4.19 Järva Krog district cooling consumption on an hourly basis 
 
As described before, SJK’s comfort cooling system capacity is 
dimensioned to be 240 kW, which is 30 % higher than the real maximum 
load of 170 kW in 2005, over-dimensioned by 30 % in 2005.  The 
following years, will enable an evaluation of the performance of the 
cooling system, to see whether the cooling system is over-dimensioned 
or not. The over-dimensioned system operates at a lower efficiency, and 
such a system suffers from a higher investment cost and lower 
performance efficiency.  
           
The regression line predicting DC consumption against outdoor 
temperature has a certainty of 43,9 %, as shown in Figure 4.19. The 
prediction coefficient is very low and cannot predict DC consumption. A 
reason for this is high consumption during cold periods, which affected 
good prediction for higher (>13 ºC) outdoor temperatures. By dividing 
consumption between outdoor temperatures of below and above 13 ºC, 
as shown in Figure 4.20, DC consumption can be divided into two 
trends. DC consumption above 13 ºC outdoor has a trend where 
consumption depends on outdoor temperature and the line has certainty 
of 76,69 %. Meanwhile, for temperatures below 13 ºC, consumption was 
random and had a variation in power demand of between 0 and 60 kW. 
At outdoor 13 ºC starts a need for space cooling at all air-conditioned 
spaces and should stop a need for the space heating (shows in figure 
4.20).   
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Figure 4.20 Järva Krog district heating consumption on an hourly basis 
 
The reasons for unpredictable space cooling during cold periods are 
cooling of the kitchen space, and the conference rooms due to their large 
internal heat dissipation. Other public places like the lobby, and dining 
hall are loaded with equipment and people, which require cooling 
independent from the outdoor temperature. Public areas have rather 
large areas of glazing that enables solar penetration into the space and 
therefore demands comfort cooling, as shown in Figure 4.21, which 
depicts the restaurant at the top and the lobby at the bottom.  

 
Figure 4.21 View to the entrance, viewed from the south 
 
Figure 4.20 for DC consumption shows that space cooling operated in 
parallel with space heating. The problems relating to DC consumption 
give rise to the possibility of introducing measures that would lower the 
cooling load. Active measures include installing temperature sensors for 
space cooling control, the synchronized control of space cooling and 
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heating systems, and free cooling. Synchronized control of space 
heating/cooling could have seen savings in both the DH and DC bills.   
Passive measures could be external/internal shadings on the south and 
west façade, and natural ventilation.  
   
Figure 4.22 shows the supply temperature of the DC network on an 
hourly basis during 2005,where the supply temperature is between 6 ºC 
and 12 ºC. The system, with an outdoor temperature below 13 ºC, has 
the possibility of utilizing free cooling instead of using DC (Conservation 
International and International Business Leader Forum, 2005). This 
option will save SJK's overall DC consumption. For instance, during 
2005, the number of hours with outdoor temperature below 13 ºC was 
5 993 during which could utilize free cooling.  
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Figure 4.22 District cooling supply temperature 
 
Figure 4.23 shows electricity consumption on an hourly basis for 2005. 
The data were provided by the electricity utility company, Vattenfall.   
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Figure 4.23 Järva Krog electricity consumption on an hourly basis 
 
The maximum electrical load, 230 kW, was reached in February 2005. 
The maximum load fluctuated during the entire year for different 
reasons. The summer, and Christmas period had the lowest consumption 
due to a low occupancy rate (Christmas) and negligible conference 
activities (during July). The base load of 80 kW, which is nearly constant 
during the entire year, was present 24 h/day. It was principally due to a 
number of powerful consumers. These are 3 supply and 6 exhaust air 
fans (electrical capacity 40 kW) running continuously, refrigeration units 
with an installed capacity of 19 kW, and a number of circulation pumps, 
which account for nearly 3,5 kW. A slightly higher base load during the 
cold periods was associated with several circulation pumps serving the 
space heating system. The base load can also be attributed to the lighting 
system, which operates permanently, and is nearly 25 kW. The 
identification of which consumers contribute to the base load will help 
the auditing process identify consumers whose optimization will be a 
matter for future discussion. By improving their efficiency, the 
achievements will be maximized due to their full-time load. Shifting from 
permanent to part-time loads will decrease the base load and provide 
savings in electricity consumption.    
 

4.4.2 Utility costs 
The DH charge is based on the customer’s fixed-rate fee, and a power 
fee that depends on the installed power capacity, which at SJK is 811 
kW. The cost also includes a charge for every kWh consumed, which 
depends on the time of year, and is 0,2 SEK/kWh from June to August; 
0,38 SEK/kWh from December to February; and 0,28 SEK/kWh from 
March to May and September to November. From June to August there 
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is no charge for the DH flow rate, while during the rest of the year 1,8 
SEK/m³ is charged. A lower flow rate means better space heating 
utilization, utilizing temperature difference more than flow, and resulting 
in a lower charge for the flow rate.  
 
A monthly power fee is also charged for DC, which depends on installed 
power capacity of 400 kW, and is 0,13553 SEK for every kWh 
consumed.  
 
The fee for the electrical power load is 10 SEK/kW, where the power 
load is the maximum load measured for every hour over the billing 
period. There is also a charge and tax added to every kWh consumed. 
The bill also includes a customer fee at a fixed-rate, and the total price, 
excluding Value Added Tax (VAT), is 0,5935 SEK/kWh.  
 

4.4.3 Peak load management 
A very important aspect to evaluate is effective peak load management. 
A building tenant is charged for energy consumption and has a fixed fee 
for the installed power capacity (811 kW for DH, and 400 kW for DC), 
and a fee for electrical power load based on hourly measurements. 
Hourly measurements during 2005 showed that the peak power load for 
electricity was 235 kW, for DH 610 kW, and for DC 170 kW. The 
differences between actual and contracted power loads are 22 % and 
57,5 % for DH and DC, respectively. The contracted power capacity for 
DH and DC is overestimated and should be rearranged in future to a 
more realistic value with data based on several previous years. 
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4.5 Water consumption 
Water consumption was measured and reported to HER. The records 
show savings over the past 10 years, see Figure 4.24.  
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Figure 4.24 Järva Krog water consumption and number of guest nights 
     
There is a general trend of decreasing water consumption after 2001 
compared with the period before 2001. There is also a trend whereby 
water consumption corresponds to the number of guest nights, which 
can be seen in Figure 4.24, with the exception of 2001, which has an 
outstandingly low water consumption in relation to the number of guest 
nights. There is no clear information at SJK to explain this jump.  
 
SJK has decreased water consumption since 1996 in several ways, mainly 
by installing water efficient appliances. For instance: toilets with dual 
flushes of 3 and 6 l/per flush, showers that consume 9 l/min instead of 
12 l/min (installed in about 2/3 of the guest rooms). SJK has an 
outsourced laundry service and therefore this does not affect water 
consumption.  
 

4.6 Waste management 
The waste generated by SJK is sorted into several categories, which 
complies with the Stockholm city recycling infrastructure. Such an 
infrastructure sorts the waste into categories: household waste that is not 
recyclable; heavy waste such as wooden furniture, porcelain, books, 
rubber waste, vehicle tyres; electrical appliances; dangerous waste such as 
paints, chemicals, batteries, medical waste; food residues; packaging that 
is sorted into four different groups - metal, transparent and coloured 
glass, hard plastics; clothes; and printed paper (Stockholm Stad, 2006). 
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Both the guests and cleaning personnel at Scandic facilities are involved 
in the waste separation process. The guest has the opportunity to 
separate the waste into several fractions, as shown in Figure 4.25 a). The 
house-cleaning personnel are also involved in the waste separation 
process by separating the waste directly into 7 fractions, as shown in 
Figure 4.25 b), which comply with the local infrastructure. Waste which 
belongs to other fractions is taken directly to SJK’s waste disposal room, 
where it can be sorted into categories such as batteries, clothes, furniture, 
broken porcelain, etc.  
 

 
 

a) b) 
Figure 4.25 a) Garbage can in guest room; b): Waste disposal cart used 
by cleaning personnel 
 
Accurate HER information regarding unsorted waste generation is 
missing. For the past few years, SJK has reported the same amount of 
waste every month during each consecutive year. Therefore, it was not 
relevant to include this in the analysis, nor to further assess unsorted 
waste generation.      
 

4.7 Maintenance 
Regular and effective maintenance is a necessary condition for running 
and maintaining efficient building services and the building itself. 
Effective maintenance and operations have a direct effect on the 
customers’ opinion of a hotel (Chan et al. 2001). Ventilation noise, 
unpleasant thermal comfort, and musty air are just some of the examples 
of ineffective or irregular preventive maintenance, which hotel guests can 
easily perceive. In an extreme case, legionella bacteria spread via the 
ventilation system or via the domestic hot water system. Irregular 
control/repair of water leakages makes an unfavorable impression on the 
guest, and can cause serious damage to the fabric of the building. The 
maintenance of regulation/control systems eliminates errors from 
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measurements, and failures can cause low/high temperatures in the 
space heating/cooling system, or low temperatures in the domestic hot 
water system, which can allow the growth of legionella bacteria. For such 
reasons, there is no alternative to proper maintenance.   
 
Maintenance at SJK has been undertaken by in-house technicians, 
outsourced contractors or a combination of both, based on the nature of 
the work and the availability of resources. There is no general rule for a 
desirable proportion between the in-house labor force and outsourced 
contractors. The maintenance of lifts, chillers, fire protection systems, 
building control and regulation systems, and different equipment, etc. is 
outsourced mainly to specialists or authorized contractors who can 
provide advanced services. The maintenance and refurbishment of 
building fabrics has been the responsibility of the building owner. In-
house technicians are in charge of immediate failures, such as replacing 
broken parts, and other less complex problems. 
  

4.8 Monitoring process 
The monitoring process in this project included the sub-metering of 
energy consumption in the most intensive energy end-users, where a 
number of points were selected to sub-meter. The selection took into 
account the following areas: kitchen electricity consumption, domestic 
hot water consumption, space heating consumption, heat recovery from 
the cooling machines, district heating and cooling consumption, and 
electricity consumption. The sub-metering process started in June 2005 
and finished in January 2006.  
  

4.8.1 Sub-metering 
The energy performance at selected points were measured using a set of 
different meters, which included a water flow meter, temperature meters, 
a solar meter, an outdoor temperature meter, and a meter for kitchen 
electricity power and energy. All details regarding the measuring 
equipment, including their accuracy, are described in Appendix 1. The 
data collected were exported and processed in an Excel data sheets.    
 
Space heating energy consumption was captured by measuring water 
temperatures in and out of the space heating loop and the water flow in 
the main supply line. The water flow was measured using a non-intrusive 
ultrasonic flow meter “Prosonic Flow 90WA-1”. The temperature 
measurements was made by using “Testo loggers” coupled with T-type 
thermocouples. All other temperatures were measured using the same 
principle. The measurements were taken at 2 to 3 minute intervals, 
aiming to capture most of the variations in the energy systems. 
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Domestic hot water energy consumption was calculated by subtracting 
the space heating consumption from the DH consumption. The direct 
measurement of this consumption was impossible due to constraints of 
the pipeline supplying hot water. Such a method has limited accuracy in 
comparison with direct energy measurement.  
 
The kitchen has one electrical power supply cable and its energy 
consumption was recorded via an Elite Logger. The measurements were 
taken at intervals of 5 to 10 minutes. The kitchen lighting system was 
connected independently to another source and it was not measured 
during this monitoring process. 
 
The heat recovery system was monitored by measuring temperatures in 
and out of the condenser collector and in and out of the heat recovery 
system, with a measurement interval of 2 to 3 minutes.   
  
A Pyranometer GSM 3.3 solar meter registered global radiation on a 
horizontal surface.  
 
The outdoor temperature was recorded using a Pt100 sensor 
manufactured by “Greisinger Electronic Gmbh”.  
 

4.8.2 Sub-metering methodology and limitations  
Sub-metering was set up in order to provide quantitative data on energy 
distribution in the hotel. The energy audit investigated the HVAC&R 
system, the hot water system, kitchen, guest room’s appliances, lighting 
in public areas and guest rooms, as well as the outdoor lighting system. 
Since the utility companies (Vattenfall and Norrenergi) were already 
measuring SJK’s total DH, DC, and electricity consumption, a decision 
was made to meter the space heating energy consumption, and the 
electricity consumption in the kitchen, with the exception of lighting and 
cold storage, and the temperatures of the heat recovery system 
connected to the heat pumps. All these points were measured at the 
same time. The period set for each single reading changed between 5 and 
10 min for electricity consumption and 1 and 3 min for space heating 
consumption. The possibility of a single reading every few seconds was 
too short, as the data storage capacity of the measurement equipment 
was limited. An hourly period for each single measurement was 
considered too long since the variations in the system, between peak and 
minimum levels, would have remained unregistered. A period of several 
minutes was chosen as a compromise between both the memory storage 
capacity and the system's dynamics.  
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Other possible options for sub-metering were considered, for instance, 
energy consumption in the domestic hot water system, electricity 
consumption in guest rooms, hot water consumption in the kitchen, and 
energy use in the air conditioning units. The further disaggregation of 
energy intensive end users was difficult to conduct due to a number of 
difficulties.  
 
The guest rooms are supplied with separate sources of electricity, or 
power lines, with one line supplying lighting in all odd and even guest 
rooms on one floor while another line supplies the electrical sockets.  
 
A central water line, supplying the domestic hot water (see Figure 4.6), 
has pipe diameter DN70,  which makes the water flow at very low 
velocities, which cannot be registered using the ultrasonic flow meter 
(details in Appendix 2). The exceptions are peak hours, from 7.00 to 9.00 
and 16.00 to 18.00, when higher water velocities have been registered.  
 
The hot water supply line for the kitchen has a diameter smaller than the 
minimum designed for the ultrasonic flow meter sensor (see Appendix 
2).  
 
Finally, the measuring process was designed in order to have a minimal 
impact on the employees and guests’ routines and to minimize the 
guests’ access to the equipment. One full year of measurements would 
have registered all the changes generated by climate variations, but the 
measurements in this project were limited to a period of eight months, 
from June 2005 to January 2006, due to project time constraints. The 
eight-month period of metering was sufficient to disaggregate the energy 
consumption among the largest end users at SJK, and to gain insights 
into changes due to climate variations. One full year of metering would 
enable tracking all periodical changes due to seasonal variations, which 
could be expected for the end users and have an impact on the overall 
energy performance of SJK.  
   
The 8 month monitoring period was able to capture seasonal changes in 
the space heating/cooling system, which can be further correlated with 
outdoor temperature, see Chapters 6.3 to 6.5. 
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5 Evaluation of  the Data Base 
 
 
 
 
In this chapter, a statistical linear regression analysis is applied, based on 
data collected from the Scandic reporting system HER and previously 
SUS, explained in chapter 3.5. The data used are on monthly basis. The 
analysis was performed in order to estimate resource consumption in 
relation to a number of independent variables. The same statistical 
analysis has been applied in the building sector a number of times (Chan, 
2005; Kissock et al., 2003;  Wöber 2002; EPA, 2001; Deng and Burnett, 
2000, and 2002; Becken et al., 2001; EERE, 2000; APEC, 1999; Noren 
and Pyrko, 1998).   
 

5.1 Statistical analysis of the data collected at SJK 
The tables in this Chapter provide the results of a single linear regression 
analysis of  SJK’s resource consumption, unsorted waste generation, and 
food service activities. One variable was identified as a dependent 
variable and it can be predicted from the value of another variable, which 
is identified as an independent variable. The same procedure was carried 
out for a number of independent variables. The dependent variable y  is 
presented in the following model equation: 
 

xy ba +=    [Eq 5.1] 
 

where x is an independent variable; a and b are constants. The single 
linear regression analysis task is to create a line that matches the 
observed relationship between ,x and .y  
 
The coefficient of determination, R², was used to measure the closeness 
between the dependent and independent variables. When R² is equal to 1 
the model equation is perfect, it explains all of the observed variations 
(Powel and Baker, 2004). An R² that has a value higher than 0,6 is a 
statistically significant factor, and an R² over 0,8 is a statistically strong 
factor, explaining a dependent variable (Powel and Baker, 2004). These 
ranges are lower than those presented by Deng (2003). Deng assigned an 
R² higher than 0,7 as a significant number and a value over 0,9 as a 
strong significant factor explaining a dependent variable by a chosen 
independent variable. Since Deng (2003) used these designated values in 
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an energy analysis for Hong Kong hotels, the same levels were used in 
this research.    
 
The database used for the analysis was previously checked and approved, 
with limitations, by relevant experts at Scandic. Since the analysis was 
based on the SUS and HER data base, it was compliant with the 
limitations within the data base. For instance, hotel personnel faced a 
problem while reporting figures for unsorted waste generation.  
 

5.1.1 Heat energy consumption 
The coefficient of determination, R² was calculated for total energy 
consumption against several independent variables, as shown in Table 
5.1. Heating energy used in this analysis was weather-normalized by 
multiplying the real energy consumption with the ratio between the 
normalized and real heating degree day (HDD) value (DEO/EIA, 1995).  
The normalized heat consumption was used in order to minimize 
climatic differences over the analyzed period.  
 
Table 5.1 R² value explaining heat energy consumption versus several 
independent variables 
 Heat energy consumption (MWh) normalized versus 
Explanatory variables HDD (-) 

(real) (1998-
2004) 

Number of 
guest 
nights (-) 
(1998-
2005) 

Number of 
rooms 
occupied (-) 
(2004-2005) 

Number of 
food covers 
sold (-) 
(2004-2005) 

R² 0,833 0,21 0,1 0,03 
 
An R² value of 0,833 for heat energy consumption versus HDD 
provided a significant explanatory indicator for heat energy expenditure. 
Heat consumption can be represented by HDD with a 83 % prediction 
factor. The number of guest nights, as another potential explanatory 
variable, could not be used as an indicator of the heat energy 
consumption (because of a low R² value of 0,21), even though guests 
contributed to heat expenditure via domestic hot water consumption. 
The other two variables, number of rooms occupied and food covers 
sold, did not explain heat energy consumption, as their R² values were 
very low. Both variables only have data for 2004 and 2005, which can be 
seen as a reason for irrelevancy in this model.  
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5.1.2 Electricity consumption 
Linear regression analysis on electricity consumption versus three 
independent variables potentially explains the use of electricity in Järva 
Krog, as shown in Table 5.2.   
 
Table 5.2 R² value explaining electricity consumption versus several 
independent variables 
 Electricity consumption (MWh) 
Explanatory variables HDD (-) (real) 

(1998-2004) 
Number of 
guest nights (-) 
(1998-2005) 

Number of 
food covers 
sold (-) (2004-
2005) 

R² 0,32 0,027 0,025 
 
The table shows no strong correlation between electricity use and 
outdoor climate, and no relationship at all with number of guest nights 
and food covers sold. As an explanation, the high electrical base load 
constitutes the bulk of electricity consumption, and therefore the 
contribution of outdoor climate is very low and the proportion of 
kitchen and guest activities to the total electricity consumption was 
negligible. The high base load during the entire year is presented in 
Figure 4.23.  
 
Since Table 5.2 did not explain the use of electricity, a similar analysis 
was carried out by dividing electricity consumption into summer time 
and the rest of the year, from 2000 to 2005.  
 
Table 5.3 R² value explaining electricity consumption during two annual 
periods versus climate conditions 
 Electricity 

consumption (MWh) 
from June to August 
(2000-2005)   

Electricity 
consumption (MWh) 
from September to 
May (2000-2005)  

Explanatory variables Average monthly 
temperature (ºC) from 
June to August 

HDD (real) from 
September to May 

R² 0,11 0,62 
 
Electricity consumption during summer time was correlated against 
average monthly outdoor temperature due to a lack of information on 
cooling degree days (CDD) data in the reporting system. The HER 
system reports neither the CDD nor monthly average outdoor 
temperature and therefore data on average monthly outdoor temperature 
was imported from the Swedish meteorological institute (SMHI). Table 
5.3 shows that electricity consumption can be partly explained by HDD 
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during the period September to May. The larger the HDD, the more 
lighting is required, due to a lack of natural light during autumn and 
winter, as artificial lighting accounts for 34 % of the total installed 
electrical power (see Figure 6.4). Since electricity was not used for space 
conditioning, another potential explanation was difficult to obtain due to 
a lack of data, which could explain which activities were contributing to 
electricity consumption.      
 

5.1.3 Water consumption 
The statistical analysis of two independent variables was based on 
monthly data from January 2004 until December 2005 (Food covers sold 
and rooms occupied, reported in the HER), while for the other two 
variables (Number of guest nights and total energy consumption 
reported in the SUS and HER) it was based on monthly data from 1998 
to 2005.  
 
Table 5.4 R² value explaining water consumption versus several 
independent variables 
 Water consumption (m³) versus  
Explanatory variables Number 

of guest 
nights (-) 
(1998-
2005) 

Food 
covers 
sold   (-) 
(2004-
2005) 

Rooms 
occupied  (-
) (2004-
2005) 

Total energy 
consumption 
(MWh) (1998-
2005) 

R² 0,18 0,001 0,0069 0,024 
 
The independent variables chosen to evaluate water consumption did 
not yield a significant correlation, even though Figure 4.24 shows a trend 
between water consumption and number of guest nights on an annual 
basis. Deng (2003), in explaining water consumption in Hong Kong 
hotels without in-house laundry, presented  value of R² for the number 
of guest nights and food covers sold as 0,727 and 0,767, respectively. 
The bubble pool contributes only 0,4 % to total water consumption .   
 
By further exploring parameters describing water consumption, monthly 
water consumption was divided into summer months, from June to 
August, and a period from September to May. The analysis was carried 
out for the years 2002 to 2005, as shown in Table 5.5. 
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Table 5.5 R² value explaining water consumption during two periods 
versus number of guest nights 
 Water consumption (m³) 

from June to August 
versus  

Water consumption (m³) 
from September to May 
versus  

Explanatory variables Number of guest nights 
during the same period (-) 
(2002-2005) 

Number of guest nights 
during the same period (-) 
(2002-2005) 

R² 0,54 0,019 
 
During the summer period, water consumption can be correlated to the 
number of accommodated guests. A reason could be SJK's orientation 
towards tourist visitors and a minimal number of business guests and 
conference activities. It is important to notice that the analysis includes 
just the last four summers, giving only 12 points, which is a potential 
source of error. During the other period, from September to May, the 
value of R² is very low and brings the conclusion that water use is of 
constant consumption. During this study, no other relevant data was 
available, which could have explained water consumption.  
 

5.1.4 Unsorted waste generation 
Waste management is a very important aspect of Scandic's 
environmental policy, together with energy and water. Due to difficulties 
in the reporting process, data collected on unsorted waste generation 
could not be verified. Every month the same data has been reported for 
unsorted waste generation during the entire year. For instance, unsorted 
waste reported to the HER has monthly values of 562 kg in 2005, 792 kg 
in 2004, 294 in 2003, etc. This is the reason for excluding unsorted waste 
generation from the analysis.  
 

5.1.5 Food and beverage 
The HER has data on the number of food covers sold since 2004, which 
includes all meals sold in the hotel. A single linear regression analysis was 
applied.  
 
Table 5.6 R² value explaining food covers sold versus several 
independent variables 
 Food covers sold (-)(for 2004 and 2005 ) versus   
Explanatory variables Number of guest 

nights (-)  
Total electricity 
consumption (MWh) 

R² 0,32 0,025 
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An R² of 0,32 gives a very poor explanation to account for the extent of 
kitchen activities based on guest nights. SJK, in addition to guests 
accommodated in their lodging premises, has a significant number of 
conference guests and external visitors to the restaurant. There is no 
record of the number of conference guests and neither is there any 
relationship between the number of guest nights and conference guests. 
These two activities should be included and would be relevant in 
assessing the kitchen's performance. The second variable, electricity, was 
included in the analysis, as the kitchen runs on electricity. 
 
Since food and beverage activities cannot be related by the above 
analysis, the statistical data were split into the summer period and the 
rest of the year. These two periods, with opposite operational conditions, 
can create differences in food and beverage operations. Splitting the data 
into two groups can help us to understand and explain the number of 
food covers sold.  
 
Table 5.7 R² value explaining food covers sold from June to August 
versus several independent variables 
 Food covers sold (-) from June to August (for 

2004 and 2005) versus  
Explanatory variables Number of guest 

nights (-) from June to 
August 

Total electricity 
consumption (MWh) 
from June to August  

R² 0,7 0,66 
 
 
Table 5.8 R² value explaining food covers sold from May to September 
versus several independent variables 
 Food covers sold (-) from September to May 

(for 2004 and 2005) versus  
Explanatory variables Number of guest 

nights (-) from 
September to May 

Total electricity 
consumption (MWh) 
from September to 
May  

R² 0,522 0,13 
 
The summer period has a strong correlation between food covers sold 
versus number of guest nights and total electricity consumption. During 
the summer period, SJK mainly has tourists as guests, creating activities, 
which makes such a strong correlation. The rest of year does not have 
such a strong factor, 0,522 versus guest nights and 0,13 versus total 
electricity consumption. This can be explained by intensive conference 
and restaurant activities that bring a number of visitors in addition to 
hotel guest nights. A drawback of this analysis is the small sample used 
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for statistical analysis, as the summer periods have in total just six points 
(the years 2004 and 2005 multiplied by three months per year) which can 
create an error.  
 

5.2 Linear regression analysis including five Scandic 
hotels in the Stockholm region 

In order to test the described single linear regression analysis on SJK a 
number of Scandic hotels in the Stockholm region were included in a 
similar analysis. The analysis was expanded with the aim of comparing 
the results obtained for SJK with other hotels of a similar type. All the 
hotels are in the Stockholm region, which helps to exclude climate 
variations as a potential factor influencing the hotels’ performance, and 
all hotels are at the same service level in order to minimize variations 
among the hotels.    
 
The extended analysis included four other Scandic hotels: Kungens 
Kurva, Ariadne, Malmen, and Continental. The hotels were chosen 
based on suggestions made by Scandic and a quality check of data input 
into the HER, which was a leading factor in choosing these hotels. They 
are all of different ages and have different systems providing building 
services. Malmen and Continental are situated in the Stockholm 
downtown area with a high number of external visitors in addition to 
hotel guests. Malmen, Continental and Kungens Kurva are of a similar 
age to Järva Krog. Ariadne is the newest and youngest member of the 
Scandic family within this group. 
 

5.2.1 Brief description of Kungens Kurva, Continental, Malmen, 
and Ariadne 

Kungens Kurva is situated on the southern side of the greater Stockholm 
area, situated next to the E4 motorway. It was built in 1968 and has a 
floor area of 11613 m², with 257 guest rooms, spread over 8 floors. It 
has 5 meeting rooms and a restaurant with 120 seats. It is the only one 
with a swimming pool.  
 
Continental, built in 1962, with 12344 m² over 14 floors, with 268 guest 
rooms and 8 conference rooms. It is located in the downtown area and is 
largely oriented towards external visitors to a restaurant of 50 seats. 
  
Malmen was built in 1951 and is the oldest hotel in the group. It is 
located in the downtown area, with 15494 m² and 327 guest rooms 
distributed across 13 floors. The hotel has two restaurants, with 250 
seats. Malmen was positioned in 9th place in the Stockholm region by the 
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number of guest rooms (SvD, 2006). The hotel is rather unique with four 
floors situated underground with windowless guest rooms, called cabins.  
 
Ariadne, a hotel with 283 guest rooms, built in 1989, with a floor area of 
16000 m² distributed across 18 floors. It includes 17 conference and 
group rooms and a restaurant with 600 seats. The hotel is located within 
the Stockholm archipelago. It is the latest hotel to be included in the 
Scandic portfolio, among those hotels chosen.  
 
Data on resource consumption, number of guest nights and meals served 
were taken from the HER. Figure 5.1 shows trends in energy 
consumption and number of guest nights for all five hotels together. It 
shows that there is a trend in energy consumption growth since 2001, an 
outstanding year in total and heating energy consumption. During the 
last three years, two hotels were reconstructed and introduced more 
services while the existing ones were upgraded to energy/water efficient 
equipment.  
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Figure 5.1 Annual Sum of total energy, electricity, heat energy 
consumption, and number of guest nights for all five hotels 
 
Table 5.9 describes the normalized total energy use intensity per area on 
an annual basis (kWh/m²/year); the data covers 1996 to 2004, with the 
exception of Ariadne, where the data were collected from 1998 to 2004.  
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Table 5.9 Total energy consumption per square meter of floor area for 
all five hotels from 1996 to 2004, and for Ariadne from 1998 to 2004  

Total energy consumption per square meter (kWh/m²/year) 
 Average Median Std. 

Dev. Max Min 

Järva Krog  268,84 269,93 16,54   
(6 %) 294,38 241,3 

Kungens Kurva 287,98 289,6 26,7     
(9 %) 336,5 259,27 

Malmen 207,1 214,15 20,59 
(10 %) 240,7 180,2 

Continental 353,3 347,75 15,16   
(4 %) 380 323,7 

Ariadne 202,7 204,8 22,04 
(11 %) 221,8 166,63 

 
Table 5.9 shows rather low standard deviations that vary from 4 to 11 % 
over the median total energy intensity. This shows that the total energy 
use on an annual basis does not oscillate significantly during the entire 
period. The largest registered variation was made in Ariadne, as it needed 
its first few years to become established in Stockholm's hotel market, 
which could be a reason for the largest variation in energy consumption.  
   
Electricity consumption due to high base load is expected to show less 
variation than the total energy consumption. The total electricity use per 
gross floor area on an annual basis is shown in Table 5.10. 
 
Table 5.10 Electricity consumption per square meter of floor area for all 
five hotels 

Total electricity consumption per square meter (kWh/m²/year) 

 Average Median Std. 
Dev. Max Min 

Järva Krog  123,7 122,8 14,9   
(17 %) 156,04 107 

Kungens Kurva 106,1 106,4 14,5   
(14 %) 141,8 92,4 

Malmen 86,98 87,8 6,6  
(5%) 99,1 78,9 

Continental 130,7 132,1 6,1  
(7%) 139,8 120,14 

Ariadne 113,46 112,3 19,3   
(12 %) 132,2 75,5 

 
According to Table 5.10, Järva Krog has the largest standard deviation, 
17 % compared to the median electricity consumption. This is most 
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likely due to shifting the energy supply for space cooling from electricity 
driven chillers to district cooling. The shift minimized electricity demand 
by about 40 kW. The standard deviation of 14 % at Kungens Kurva was 
created due to large electricity consumption in 2003, without any 
reasonable explanation. No data was available to explain the excessive 
use of electricity, nor to explain variations in consumption. This creates a 
lack of understanding for electricity consumption.  
 
According to Table 5.9, Continental has the highest energy consumption 
per floor area among the five hotels. Most of the energy at Continental 
was utilized by heating energy, that is to say 223 kWh/m2/year. A reason 
for this could be the poorest insulation, and heavy exposure to winds, as 
Continental is the oldest hotel, with the oldest building services and is a 
self-standing building located at the intersection of two large streets.    
 
Table 5.11 was created based on the number of guest nights on an 
annual basis for each hotel. 
 
Table 5.11 Number of guest nights for all five hotels 

Number of guest nights 
 Average Median Std. Dev. Max Min 

Järva Krog  69 812 67 006 7 560,7 
(11 %) 80 731 59 859 

Kungens Kurva 89 534,9 94 044 14 177 
(15 %) 103 720 65 591 

Malmen 127 724 129 145 9 712    
(8 %) 138 291 108 945 

Continental 110 777,6 113 921 5 161,5 
(5 %) 116 957 103 850 

Ariadne 105 710 105 247 6 947,2 
(7 %) 116 282 98 157 

     
Continental has the smallest standard deviation, as opposed to Kungens 
Kurva, which has a significant difference between the maximum and 
minimum number of guest nights. The minimum number of guests was 
accommodated in 1997, but since 2000 Kungens Kurva has had 
approximately 100 000 guest nights per year. Both Continental and 
Malmen are situated in the downtown area, which provides the least 
variations of guest nights. However, the hotels do not report reasons for 
the variations in occupancy rate, nor information on the possible 
activities that people have taken part in at the hotels.   
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5.2.2 Single linear regression analysis 
Tables 5.12 to 5.15 show coefficient of determination, R² by single linear 
regression analysis, for all five hotels, for the same factors and variables 
as those used in the analysis of SJK. Data used in the analysis were 
collected from 1998 to 2004, apart from the number of food covers sold, 
which were only collected during 2004. 
 
The single linear regression analyses of heat energy consumption versus 
three variables are shown in Table 5.12. 
 
Table 5.12 R² value explaining heat energy consumption versus several 
independent variables in all five hotels 
 Normalized heat energy consumption (MWh) versus 

Explanatory 
variables HDD (-)  (real) Number of guest 

nights (-) 
Number of food 
covers sold (-) 

R² 

Järva Krog 

0,8333 0,201 0,001 

Kungens Kurva 

0,57 0,42 0,48 

Malmen 

0,57 0,53 0,47 

Continental 

0,83 0,32 0,013 

Ariadne 

0,65 0,6 0,43 
 
Heat energy at Kungens Kurva, Malmen and Ariadne was consumed due 
to outdoor climate, guest nights and food covers sold, as all three 
variables explained heat energy consumption. This is contrary to Järva 
Krog and Continental, where HDD significantly explains heat energy 
consumption. Such a difference can be related to the weaker effect of 
outdoor climate on heat energy consumption or the stronger influence of 
guest nights and food covers sold on consumption. Ariadne has the 
lowest total energy consumption, as shown in Table 5.9, which highlights 
guest nights and food covers sold as explanatory variables. Malmen is the 
only hotel in the analyzed group, which has guest rooms as cabins 
distributed across three underground floors. Since the cabins are not 
exposed to outdoor climate, this could be a reason for the weak 
influence of HDD. Kungens Kurva did not have records of their 
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activities for the last few years, which could explain the weak influence 
of HDD, compared to heat energy consumption.  
 
Electricity consumption versus three variables was also analyzed and the  
R2 values are presented in Table 5.13. 
 
 
Table 5.13 R² value explaining electricity consumption versus several 
independent variables in all five hotels 

 
Electricity consumption cannot be statistically explained by any of the 
independent variables shown in Table 5.13. All five hotels have a high 
base load for electricity consumption and no hotel activity influenced it 
directly. 
 
Unsorted waste generation has no reliable database due to difficulties in 
reporting accurate values. The same problem was experienced for Järva 
Krog and this was the reason for not including waste generation in the 
analysis.  
 
Linear regression analysis on water consumption against several 
independent variables is shown in Table 5.14.   
 
 
 
 

 Electricity consumption (MWh) versus 

Explanatory 
variables HDD (real) Number of 

guest nights (-) 
Number of food 
covers sold (-) 

R² 

Järva Krog 
0,19 0,0039 0,0083 

Kungens Kurva 

0,013 0,007 0,012 

Malmen 

0,3 0,087 0,11 

Continental 

0,05 0,013 0,074 

Ariadne 

0,002 0,16 0,44 
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Table 5.14 R² value explaining water consumption versus several 
independent variables in all five hotels 
 Water consumption (m³) versus  
Explanatory variables Number of 

guest nights (-) 
Food covers 

sold   (-) 

Total energy 
consumption 

(MWh) 

R² 

Järva Krog 
0,1736 0,0882 0,013 

Kungens Kurva 
0,019 0,13 0,08 

Malmen 
0,798 0,82 0,36 

Continental 
0,5 0,06 0,119 

Ariadne 
0,8 0,51 0,21 

 
Kungens Kurva has a swimming pool that affects water consumption, 
which is not related to any of the other chosen variables.  Malmen, 
Continental and Ariadne have the highest number of guest nights, as 
shown in Table 5.11, which contributes significantly to water 
consumption, as Table 5.14 explains.   
 
The number of food covers sold was correlated with two independent 
variables, and the results are shown in Table 5.15.   
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Table 5.15 R² value explaining food covers sold versus several 
independent variables in all five hotels 
 Food covers sold (-) versus  

Explanatory variables Number of guest 
nights (-) 

Total electricity 
consumption (MWh) 

R² 

Järva Krog 
0,27 0,0083 

Kungens Kurva 
0,87 0,012 

Malmen 
0,9 0,11 

Continental 
0,229 0,074 

Ariadne 
0,68 0,44 

 
Malmen, as the largest of the hotels, has the highest number of guest 
rooms, which contributes significantly (R²=0,9) to kitchen activities. 
Kungens Kurva was mainly oriented towards guest nights which 
generated a strong explanation factor of 0,87. Due to its position in the 
city center, Continental has a large number of external visitors to the 
restaurant, in addition to lodging guests and therefore gives a low 
explanation for kitchen activities. Intensive conference activities at SJK 
cause a weak relationship between food covers sold and guest nights.  
  

5.2.3 Comparisons between all five hotels  
Heat energy consumption was dependent on climatic conditions in all 
hotels but especially in Järva Krog and Continental, while for three of 
them (Kungens Kurva, Malmen, and Ariadne) it was also dependent on 
internal activities (guest nights, and food covers sold) and it was less 
influenced by the outdoor climate. Continental has the poorest insulation 
and is exposed to strong winds, which demands additional heat energy to 
keep it warm. It also has the largest heat energy consumption per area, 
which is 222,6 kWh/m²/year (as result of 353,3 – 130,7). Malmen, with 
its underground cabins, was the least affected by the outdoor climate.  
 
Electricity consumption was a special case, with a high base load and no 
variable affecting its consumption in all five hotels.   
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The largest variation between food covers sold among the hotels can be 
associated with position, services included, occupancy rate, and size of 
hotel. Conference activities have a strong impact on the number of food 
covers sold (Järva Krog and Ariadne). In the hotels oriented mainly 
towards lodging services, hosting a large number of hotel guests 
(Malmen and Kungens Kurva), food covers sold were related to the 
number of guest nights, while Continental is heavily exposed and open 
to the public and therefore does not have number of guest nights as an 
explanatory variable.  
 
Factors that affect water consumption were different among the hotels. 
An additional swimming pool affects water consumption (Kungens 
Kurva). Hotels with no such service (Malmen, Continental, and Ariadne) 
could correlate water consumption to the number of guest nights, while 
SJK has no record of water consumption for some of the hotel's 
activities.   



 82

6 Findings on SJK systems 
 
 
 
 
The results of measurements on resource consumption for several end 
users, collected at SJK were combined with data on total DH, DC, and 
electricity consumption. Data from the sub-meters were read at 
approximately two weeks intervals and the results from every period 
were processed and compiled together with hourly consumption of DH, 
DC and electricity. The compiled database was analyzed by employing 
statistical linear regression analysis. A coefficient of regression, R2, was 
introduced as an explanatory indicator to explain the relationships 
between the variables. As linear regression analysis may not always be 
sufficient a multiple linear regression analysis is introduced in this 
chapter. A single independent variable can be sufficient, but additional 
independent variables may explain a model better. A dependent 
variable y in multiple linear regression analysis is presented in the 
following model equation:    
 

nnxxy bba 110 +⋅⋅⋅++= , [Eq. 6.1] 
 

where nxx ,1 ⋅⋅⋅  are independent variables with n as a number of 

independent variables; a and nb,b1 ⋅⋅⋅ are constants. The task of 
multiple linear regression analysis is to generate a model that explains the 
dependent variable y . 
 
Powel and Baker (2004), in addition to R² (explained in chapter 5.1), 
introduced the significance factor F, and a confidence interval, which 
helps to explain a model. The lower the significance factor F, and 
narrower the confidence interval (lower 95 % and upper 95 %), the 
better the prediction of the model. The author of this project included 
R² values between 0,6 and 0,8, considered to be poor explanatory 
indicators, and values >0,8 as strong explanatory indicators. A model 
with the significance factor F of a value lower than 2 % has a good 
prediction. 
 

6.1 Total energy distribution  
The monitoring and sub-metering process at SJK from June 2005 to 
January 2006 enabled an insight into the energy distribution among the 
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end users. The energy supplied was distributed to space heating/cooling, 
domestic hot water consumption, kitchen electricity use, and other 
electrical appliances, including lighting. Percentages of total energy 
consumed by the end users during each period are shown in Figure 6.1. 
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Figure 6.1 Järva Krog’s percentage of energy used by the end users from 
the total energy use, and outdoor temperature 
 
The left scale represents the percentage of energy while the right scale 
corresponds to outdoor temperature. The horizontal scale is a time scale, 
where the time difference between each point is approximately two to 
three weeks, starting from June and ending in December 2005.  
 
The largest proportion of energy consumed is related to electricity use, 
which was typically constant over time and does not depend on climatic 
conditions, apart from a slight drop, starting from point twelve, which is 
due to the increased increment of heat energy consumption. Kitchen 
electricity use typically saw a flat rate of about 4 %, without significant 
variations. The hot water part also showed a rather constant level of 
about 20 % with no large disturbances over the period, with only one 
sudden drop at point number eleven, due to the high electricity rate. 
Space heating, as expected, depends on outdoor temperature, and 
consumption can take up as much as 40 % during winter time and as 
little as 3 to 4 % during the hottest period (see temperature line). During 
July, points from seven to nine, there were no conference activities and 
demand for space cooling was lower than during other parts of the 
summer. During the coldest period the ratio for cooling was as little as 3 
to 4 %. In general, Figure 6.1 shows that the energy use at SJK depends 
heavily on the time of year, interpreted as climatic conditions, and 
summer/winter activities.  
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The results of energy supply ratio on an annual basis for 2005 are shown 
in Figure 6.2.  
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Figure 6.2 Järva Krog's energy distribution in percentages 
 
DH supplied more than half of the energy used in SJK. The next largest 
proportion of energy supplied was by electricity and the lowest 
proportion of energy was by DC. Furthermore, a more specific division 
of energy distribution among the end users was made and the following 
figure was created.  
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Figure 6.3 Järva Krog's energy distribution among different end users 
 
Figure 6.3 was based on annual energy use. Note, that the kitchen only 
includes electricity for its appliances but not for hot water consumption, 
cold storage/freezers, or lighting. The domestic hot water includes 
energy consumption by the towel dryer. The bubble pool's energy 
consumption was estimated using a simple calculation based on the 
amount of fresh water needed during one year.  
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50 % of the energy was utilized for space heating and domestic hot water 
combined.  
 

6.2 Electricity distribution  
The monitoring and auditing process enabled the possibility of 
establishing the electricity power distribution among the electricity end 
users, which is shown in Figure 6.4.  
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Figure 6.4 Järva Krog's distribution of installed electrical power, where 
total power used is 235 kW 
 
The maximum electrical power demand during 2005 was 235 kW. The 
lighting segment of the pie-chart is the largest of all. Lighting consumed 
the largest amount of electricity, as a large proportion of the lights are 
illuminated non-stop, regardless of the time of day or year (lights in 
corridors, staircases, the dining hall and personnel rooms). The kitchen 
uses a significant proportion of the total power as well, but its 
consumption sees large daily variations (no consumption during several 
hours at night). The HVAC part includes electrical power used by the 
fans and circulation pumps, which are in operation most of the time. The 
refrigeration units are in operation most of time. Under “others”, the 
following were included: elevators, office equipment distributed in the 
six offices, equipment in personnel rooms, conference room equipment 
and other electrical appliances distributed throughout the public space 
areas.  
 
The electrical power distribution shown in Figure 6.4 can help to lower 
peak loads and decrease base loads. It identifies possible places where 
the peak load can occur, such as kitchen appliances, lighting or whatever 
equipment contributes to high peak/base load.   
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6.3 District heating consumption 
Since SJK was connected to the DH network in October 1999, the 
following model was generated using monthly data starting in October 
1999 and running until September 2005.  
 

GNTQ outdoorDH ·13,3·10839200440 +−=  [Eq 6.2] 
 

where: DHQ (kWh) is the monthly district heating consumption; 

outdoorT (ºC) is the monthly average outdoor temperature; and GN (-) is 
the monthly value for guest nights.  
 
Table 6.1 Result of statistical analysis on DH consumption model  
Model Lower 95 % Upper 95 % 
Interception 174911 222969 
Toutdoor -11722 -9955 
GN -1,6 7,9 
 
For this model: R²=0,94;  and Significance F is 0,0 %.  
 
The value of R² is very high and the very low Significance F explains a 
very good model with a high degree of certainty. The model has a 
narrow upper and lower 95 % range for the interception value and 
outdoor temperature, which also generates high certainty for the model. 
The model show similarities with the results from Table 5.1 where 
heating energy depends on outdoor climate.  
 
In the following step, the district heating consumption model will be 
tested using values registered in the HER during 2005. The test will 
explain possible differences between real values and the values predicted 
by the model, presented in Table 6.2. The real data on DH, guest nights 
and outdoor temperature were taken from the HER and SMHI from 
January to September 2005. 
 
Table 6.2 Järva Krog's real and model-predicted DH consumption in 
2005 
 Real DH 

consumption 
(kWh) 

Model predicted 
DH 

consumption 
(kWh) 

Error (%) 

100·
real

realModel −
 

January 206 840 200 970 2,84 
February 198 110 234 021 18,13 
March 240 830 230 186 4,42 
April 119 670 142 368 18,97 
May 80 250 102 839 28,15 
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June 52 220 56 612 12,24 
July 37 040 12 442 66,41 
August 45 300 42 180 6,9 
September 56 010 70 481 25,8 
 
The model has very good degree of certainty, underlying the periods of 
highest consumption, where the differences are very small. On the other 
hand, during July, the difference is greater than fifty percent. During 
summer time, DH consumption did not depend on independent 

variables outdoorT  and GN . Therefore the model gives a poor prediction 
for that period. Despite this drawback, the DH model can be used 
successfully for the largest part of the year.    
 

6.4 Space heating consumption 
Eq 6.3 shows a model for energy consumption for space heating versus 
outdoor temperature and maximum solar irradiation for SJK during the 
period from June 2005 to January 2006. The values for space heating, 
outdoor temperature, and maximum solar irradiation were measured 
during the monitoring process.  
 

MaxoutdoorSH ITQ ·3,12·19948,48509 −−=   [Eq 6.3] 
 

where: SHQ (kWh) is space heating consumption; outdoorT (ºC) is outdoor 

temperature; and MaxI (W/m²) is the maximum solar irradiation 
measured.  
 
For this model: R²=0,82; and Significance F is 0,0 %. 
 
Table 6.3 Results of statistical analysis on space heating consumption 
model  
Model Lower 95 % Upper 95 % 
Interception 38120 58898 
Toutdoor -3244,9 -744 
IMax -33,02 8,39 
 
The value of R² is very high, the significance factor F is very low and the 

model can predict SHQ  with nearly 82 % certainty. The model has an 
acceptable upper and lower 95 % range for the interception value, which 
generates a good prediction from the model. Due to practical reasons, 
information on outdoor temperature is available for every Scandic hotel, 
as opposed to solar irradiation, which is more sophisticated and costly to 
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meter during everyday operations. Solar irradiation was measured only 
for the purposes of this study.   
 

The space heating consumption model, based on a variable outdoorT , was 
made and is shown in Eq 6.4. 
 

outdoorSH TQ ·2,261567,47118 −=  [Eq 6.4] 
 

where: SHQ (kWh) is space heating consumption; and outdoorT  (ºC) is 
outdoor temperature. 
 
For this model: R²=0,79;  and Significance F is 0,0 %. 
 
Table 6.4 Result of statistical analysis on the single variable space heating 
consumption model  
Model Lower 95 % Upper 95 % 
Interception 3862,5 57374 
Toutdoor -3312,65 -1917,66 
 
The value of R² is very high, the significance factor is negligible and the 

model can predict SHQ  with nearly 79 % certainty. The model has an 
acceptable upper and lower range for the interception value and  

outdoorT , which means the model is likely to generate a prediction. 

Maximum solar irradiation in the SHQ  model with two variables has an 
influence on the model but it does not significantly influence space 
heating consumption and due to metering problems, maximum solar 

irradiation can be neglected with just a small compromise in the SHQ  

prediction factor.  
 
Space heating energy consumption depends on outdoor climate, and 
lowering the outdoor temperature by 1 ºC sees energy consumption 
increase by 2615 kWh, as shown in Eq 6.4. The model generated verified 
the sub-metering conducted on the use of space heating.  
 

6.5 District cooling consumption  
District cooling consumption, measured during the sub-metering 
process, showed no relationship to the independent variables. The model 
for DC consumption is: 
 

MaxoutdoorDC ITQ 2,27·21374,5664 −+=   [Eq 6.5] 
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where: DCQ  (kWh) is the district cooling consumption collected from 

the DC utility company; outdoorT (ºC) is outdoor temperature; and 

MaxI (W/m²) is the maximum solar irradiation measured. The values 
were processed at approximately two week intervals, as a part of the 
monitoring process.  
 
For this model: R²=0,21;  and Significance F is 26 %. 
 
Table 6.5 Result of statistical analysis on DC consumption model   
Model Lower 95 % Upper 95 % 
Interception -41002 52330 
Toutdoor -895 5169 
IMax -68 14 
 
The value of R² is very low, while the model has a very high significance 
factor F and a very large upper and lower range for the interception and 
both variables. The model cannot be used to predict DC consumption, 
which agrees with Figure 4.19. DC has been consumed continually 
during the entire period without a strong enough correlation to explain 
its consumption. Maximum solar irradiation was used in this analysis as a 
source of overheating.   
 

6.6 Domestic hot water consumption 
The author faced difficulties metering domestic hot water consumption 
due to the constraints of the metering equipment and physical access to 
the water lines. Therefore, a modeling method was used to estimate hot 
water consumption. The model used data from the HER, reported for 
the summer months, July and August, during the years 2000 to 2005. 
During these months, the lowest expected consumption was DH 
utilization for space heating, and thermal losses from the piping system 
were limited due to relatively high indoor temperatures. According to 
this estimation, the real DH consumption will be utilized only for 
domestic hot water production and bubble pool heating. This was used 
as a basis for the following model. 
 

GNTQ outdoorHW ·67,1·5,231733,71902 +−=   [Eq 6.6] 
 

where: HWQ  (kWh) is the monthly district heating consumption  

estimated to be equivalent to hot water consumption; outdoorT (ºC) is the 
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monthly average outdoor temperature; and GN (-) is the monthly value 
for guest nights. 
  
For this model: R²=0,53; and Significance F is 3,3 %. 
 
Table 6.6 Result of statistical analysis on the water consumption model  
Model Lower 95 % Upper 95 % 
Interception 25696 118108,2 
Toutdoor -4485 -150 
GN 0,58 3,9 
 
The value of R² is relatively low, and the significance factor F is low. The 

model can predict HWQ  with nearly 53 % certainty. The model has a 
wide upper and lower 95 % range for the interception value and outdoor 
temperature, which generates the model's uncertainty.  
 
Since the model predicts domestic hot water consumption, according to 

Table 6.6 the next model includes only the GN  variable.  
 

GNQHW ·055,26,26515 +=   [Eq 6.7] 
 

where: HWQ  (kWh) is the monthly district heating consumption 

estimated to be equivalent to hot water consumption; GN  (-) is the 
monthly value for guest nights. 
  
 For this model: R²=0,22;  and Significance F is 11,7 %. 
 
Table 6.7 Result of statistical analysis on a single variable water 
consumption model  
Model Lower 95 % Upper 95 % 
Interception 4614 48416 
GN -0,62 4,73 
 
The value of R² is very low, and significance factor F is very high. The 

lower and upper interceptions values and GN are very broad. The 
model cannot be used and the estimation does not apply in this case. A 
reason for a very low model prediction could lay in high losses from the 
hot water system, which does not have a flat rate as expected from the 
beginning, and in the water consumption in the bubble pool.  
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6.7 The kitchen's electricity consumption 
Metering of the kitchen's electricity consumption showed that the 
average power load of the kitchen was between 8,5 and 11 kW, while a 
maximum load could be even five times higher than that. It can reach 
almost 55 kW. The intensity of electrical current varies from 0 to as high 
as 300 A (the sum of currents in all three phases). The metering process 
excluded the lighting and refrigeration units. During weekdays, the 
kitchen's working hours were from 06.00 to 00.00 and during the 
weekends from 07.00 to 23.30 with possible exceptions. After work time 
there was no activity, and the kitchen demanded no electricity. A head 
switcher installed in the kitchen can cut off the power supply to all the 
appliances.  
 
Figures 6.5 to 6.7 shows the power load in the kitchen during a period 
with very high and low activities in the hotel. Very high consumption 
was seen during November, and is represented in Figure 6.5, where every 
point was measured in periods of 10 minutes. 
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Figure 6.5 The kitchen's electrical power load during a period of ten days 
in November 
 
A uniform pattern of consumption can be observed for each day. A zero 
load during night time was a result of using the head switcher. The 
maximum load was 52 kW during the day time or more usually a figure 
of between 40 and 50 kW. Figure 6.6 shows kitchen activities during July 
2005.  
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Figure 6.6 The kitchen's electrical power load during ten days in July 
   
The maximum consumption during July was almost half that of 
November, even though the number of guest nights during July and 
November were 6414 and 6193 respectively. Although  more guest 
nights were registered in July, the kitchen's power load was much more 
intensive during November. Most of the guests during July were tourist 
visitors to Stockholm and almost 20 % fewer meals were served in July 
than in November, the month with the most intensive conference 
activities. An even lower electrical power load for the kitchen was 
registered in the days just before Christmas, when the hotel had only a 
few guests. 
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Figure 6.7 The kitchen's electrical power load during a period of a few 
days in December 2005 
 
The differences in power load between these three periods are clearly 
evident. The 1st period had very intensive conference activities and a high 
occupancy rate, the 2nd period had a high occupancy rate but without 
conferences at that time and the 3rd period had a very low occupancy rate 
and no conferences at all. The conference activities are likely to be a 
significant factor determining Järva Krog’s energy performance. 
 

6.7.1 Normalized kitchen electricity consumption 
Normalized kitchen electricity consumption per meal served during the 
metering period is presented in Table 6.8. 
 
Table 6.8 Järva Krog's energy consumption per meal produced in the 
kitchen 
 June July Aug Sep Oct Nov 
kWh/meal 0,6 0,7 0,63 0,64 0,93 0,98 
 
Energy rates for space conditioning, water heating, lighting and 
refrigeration units supplying the kitchen were not included in this 
analysis. Differences in energy consumed by the kitchen during different 
periods, as shown in Table 6.8, is not explained in this work, but it could 
be a matter for future discussion.   
 
The average normalized electricity consumption of the kitchen was 1 to 
2 kWh/meal with an additional 4,5 liters of domestic hot water at a 
temperature of 60 ºC, which corresponds to 0,2 to 0,3 kWh per meal 
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(THERMIE, 1994). Smith and Fisher (2001) presented consumption for 
a full service restaurant as 1,17 kWh/meal. The normalized energy 
consumption in Järva Krog’s excludes hot water, lighting, space 
conditioning and refrigeration units. According to EPA only 21 % of a 
kitchen's energy consumption is used for cooking. Applying this ratio to 
Järva Krog’s kitchen, its total kitchen consumption will be as much as 3 
to 4 kWh/meal. This is a significantly higher value than that presented in 
the literature.    
 

6.7.2 Potential energy savings 
The installed power for the kitchen's lighting system is 2,73 kW, and the 
lighting runs 24 hours per day. Switching off the lights during late 
evening and early morning hours could potentially save as much as 5 
MWh/year.  
 
This operational mode could be facilitated by educating the personnel or 
by including a timer to switch the lights on/off during unoccupied times.   
 
Another possible way of saving energy is to control the ventilation rate 
in the exhaust and supply ducts, since there is no airflow regulation. 
Ventilation provides fresh air and space cooling. The ventilation rate 
could be regulated in coordination with the head switcher. While the 
head switcher is off the regulator in the ventilation will set a flow of 20 
to 30 %  of a full supply of fresh airflow. 
 
During working hours, ventilation can run at between 75 and 100 % of 
full load depending on demand (the kitchen's working load). The fewer 
kitchen appliances are activated, the less the demand for fresh air supply 
and space cooling. This regulation can provide energy savings both in 
terms of district cooling/heating and electricity for the fans. The airflow 
rate can be controlled directly by kitchen personnel. An installed 
regulator, like a simple switcher, could be installed in the kitchen. By 
turning the switcher on, the ventilation rate could run at a rate of 100 % 
for 3 hours, after which the ventilation rate would go back to a level of 
70 %. The ratio between the length of full and partial ventilation loads 
could be discussed and evaluated in future work.    
 
The exhaust ventilation system has not heat recovery system, as the 
exhaust air is contaminated with fat and other kitchen pollutants, which 
could cause a malfunction in the heat recovery heat exchanger due to the 
collection of airborne fat on the exchanger’s surfaces. An ultraviolet air 
cleaning system would help to avoid fat formation at the exchanger’s 
surfaces. The exhaust air could then pass through the heat recovery heat 
exchanger, which would save an additional reasonable amount of energy.      
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6.8 Heat recovery from cold storage  
The heat pumps are used to provide the cold fluid to the cold storages. 
The hot side of the heat pumps (the condenser side), as waste heat, is 
connected to the heat recovery system, as discussed in chapter 4.3.10 and 
Figure 4.14, where the waste heat is utilized by the space heating loop. 
The monitoring process over a period of eight weeks included 
observation of the efficiency of the heat recovery system. Temperatures 
in and out of the condenser's collector and heat recovery heat exchanger 
were metered. Observation of these temperatures revealed that the 
system did not operate as it was designed. During the metering, the heat 
recovery system was not in operation for almost 95 % of the time. The 
hot side of the heat pumps was cooled down with a help of the dry 
cooler. The heat recovery system was not working due to a low outlet 
temperature (<40 ºC) from the condensers. A simple calculation for the 
estimated maximum waste heat during the heating season is: 
 

timePQ scompressorcondenser ··1COP=   [Eq 6.8] 
 

where: condenserQ (kWh) is the energy generated at the condensers; COP1 
is the coefficient of the performance of the heat pumps, estimated to be 

3; scompressorP (kW) is the installed electrical power of all five compressors; 
time (hours) is the duration of the heating season in Stockholm (239 
days) (Jonsson and Bohdanowicz, 2002). The waste heat could be 
utilized during the heating season. 
 
As another alternative, the waste heat could be connected to the 
domestic hot water system (VV), where it would be used to preheat 
incoming tap water (KV), as shown in Figure 6.8. The potential annual 
energy that could be used for preheating fresh water is equal to the waste 

heat condenserQ generated in the condenser. 
 

timePQ scompressorcondenser ··1COP=   [Eq 6.9] 
 
where: a period of 365 days was taken as relevant in this calculation.  
There is potential to utilize 500 MWh/year. By comparing it with the 
annual DH consumption of 1700 MWh/year or 3 MWh/year for the 
bubble pool, the heat pumps offer significant potential  for utilizing free 
energy. 
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Figure 6.8 Preheating tap water with waste heat from the heat pumps 
 
The heat pumps and fresh water lines are located in the same room and 
most of the equipment required for this application already exists. With 
small changes in the piping system and the installation of a hot water 
storage tank as heat storage, the waste heat could preheat the tap water. 
A detailed calculation is presented in Appendix 3. Such a system could 
be attached to the existing heat recovery system (see Figure 4.14) and 
domestic hot water heating system (Figure 4.6). For temperatures above 
35 ºC, the regulation valve KM1SV1 would pass the condenser's cooling 
water through the dry cooler and provide additional cooling to the 
condensers (35 ºC is the maximum return temperature to the 
condensers). The incoming annual fresh water temperature is estimated 
to be 6 ºC for Stockholm (Jonsson and Bohdanowicz, 2002).  
 

6.8.1 Cold storage improvements 
The heat pumps system is a direct system, where the refrigerant R404A 
is a carrier of coldness to the cold storage. The direct current system 
demands a refrigerant charge of 43 kg. By replacing the direct system 
with an indirect system, the charge can reduce to 10 % (Arias, 2006). 
Since R404a is a mixture of three different refrigerants: R125 44 %, 
R143a 52 %, and R134a 4 % in weight composition, it has a significant 
global warming potential of 3260 or a halogen global warming potential 
of 0,8 (Granryd et al. 2002). A reduction in the refrigerant charge will 
substantially decrease the global warming potential and improve overall 
environmental performance. Smaller size compressors, due to a lower 
refrigerant flow, could replace the compressors. The indirect system, 
with a brine circuit, would carry the coldness to the cold storage. The 
brine could be of different mixtures with different freezing points, which 
would depend on the working brine temperatures. High water content in 
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the brine would provide a large heat capacity cp (J/kgK), to transfer heat. 
A high cp value would demand less of the brine flow and a smaller pump 
and pipe installations in the indirect circuit.   
 

6.9 Control systems 
Frequency controlled airflow in the ventilation ducts enables savings in 

electricity consumption. Volume airflow ))s/m(( 3
flowV&  is directly related 

to the fan power ( )kW(flowP ), and described in Eq 6.10. 
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  [Eq 6.10] 

 

where: flowP  is the electrical power required by a fan; and flowV& is the 
volume airflow at maximum and minimum flow. Maximum airflow 
drives maximum power demand to a fan and the opposite is true for 
minimum airflow. 
 
The dining hall’s air supply can be controlled by employing different 
control systems. Time control, CO2 control, or moving sensors are 
possible options to regulate airflow. As an option, a CO2 level sensor 
could regulate airflow supply. The higher the CO2 concentration, the 
more air will be supplied and vice versa. This will save electricity use 
directly to drive a fan in the air supply/exhaust system. 
 

6.10 Maintenance 
SJK’s in-house-maintenance cost in 2004 was almost 62 SEK/m²/year 
of gross floor area, while the cost of repairs and maintenance, including 
external contractors, was 7,3 SEK/m²/year, which is nine times less than 
internal resources. Table 6.9 shows the maintenance costs in four other 
Scandic hotels in Stockholm.  
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Table 6.9 Maintenance costs in five Scandic hotels 
 

In-house-
maintenance 
annual cost 
(SEK/m²) 

Repair and 
maintenance, 

including 
external 

contractors, 
annual cost 
(SEK/m²) 

Number of 
in-house-

maintenance 
team 

members 
 

Annual 
energy use 
intensity – 

average 
from 1998 

to 2004 
(kWh/m²) 

Järva Krog 62 7,3 2 269 
Kungens Kurva 74,1 6,8 2 288 
Malmen 79,2 4,01 3 207 
Continental 98,7 3,29 3,333 353 
Ariadne 52,9 4,53 2 203 
 
Table 6.9 shows that the annual cost of in-house-maintenance partly 
depended on the number of in-house team members, as in the case of 
Continental, and on annual energy use. A greater number of installed 
building services necessitate a higher energy use and demands more 
maintenance, as in the case of Continental, than it does for low energy 
intensity needs, as in the case of Ariadne. The greater the number of 
services provided by the hotel, the greater the demand for maintenance 
and service operations, therefore services such as bubble pool, 
swimming pool, extensive conference activities and public dining hall 
with larger number of seats should be added to the analysis. Influence of 
building age on maintenance costs is negligible, as the buildings have had 
regular refurbishments over time.  
 
Another issue to look at is the number of activities carried out by the in-
house maintenance team, but this value has not been reported to the 
HER. Järva Krog’s in-house-technicians use an internal electronic job list 
for their activities. The hotel personnel report failure/problems via the 
intranet, which are posted to the in-house technicians’ job list or in the 
case of broader knowledge/skills demanded they are further reported to 
a particular external contractor. The internal repair/maintenance 
reporting system is a computer-based system. All reports have been 
archived, creating statistics for the most common problems and the 
maintenance man hours utilized, which helps to avoid paperwork and 
provides a fast response by the technicians, and reports their everyday 
activities.  
 
Scandic Järva Krog employs a computer-based system for 
repair/maintenance reporting. The hotel's personnel can submit a notice 
to the in-house-technicians’ job list via this system. This system could be 
utilized in line with future interactions among Scandic hotels in the 
region. Interconnected engineering departments at every hotel would 
help each other in planning and outsourcing necessary skills. The result 
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could be that the corporate manager could oversee the activities and 
different hotels’ engineering departments could exchange knowledge and 
experience for more demanding repairs. This could be very important at 
the activity planning stage, which requires licensing, and certification or 
purchasing of the maintenance equipment. An office authorized to carry 
out activity planning would have a considerable amount of data and 
would have possibility of making use of previous experience gained 
among the technicians.   
  

6.11 Problems faced at Järva Krog 
One of the biggest problems identified was a high level of noise 
pollution, created from the E4 highway, as the hotel is located next to 
the highway. The hotel's guest rooms are not equipped with a 
mechanically supplied air system. There is only an air evacuation system. 
Therefore, such a design demands open able windows by which the 
guests can regulate fresh air intake. The guest rooms without a cooling 
system are additionally vulnerable to the problem of high noise pollution, 
as the guests open the windows in order to chill down their guest rooms. 
As a solution, additional sound insulation of the building envelope can 
be considered, with a third sheet of glazing on the windows and an 
additional mechanically supplied air system.   
 

6.12 Monitoring the facility  
Chapter 5.2 showed that even hotels with very similar services offered, 
level of luxury and climatic conditions have different energy flows within 
the facility. This means that total energy/water consumption (kWh/m2; 
m3/m2) does not provide a complete picture of a hotel's performance. 
Different activities (conferences, exhibitions, a large public restaurant, 
business or tourist guests, space cooling, swimming pool) shapes a 
hotel’s energy/water consumption. To evaluate such a hotel, some of the 
energy flows inside the hotel must be monitored. Flow monitoring is a 
complex process and if possible must be planned during the facility's 
design or reconstruction phase. Such planning is able to provide simple 
and effective measuring points, using cost effective measuring 
techniques. By disaggregating energy flows among the most intensive 
energy end-users the information can be further used to benchmark 
building services/activities. For example, by knowing space heating 
consumption (kWh/m2 year) would help in evaluating/benchmarking 
space heating at different hotels and possible improvements and energy 
savings measures could be initiated.  
 
Hot water consumption, as shown in the report, is often an unknown 
variable, and there are no key values presented in the literature to 
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estimate its consumption. The report shows large variations in water 
consumption among the hotels, and no explanatory factor is determined, 
which could help explain water consumption.    
 

6.12.1 Measuring techniques and methodology  
There are plenty of different measuring techniques on the market, which 
could be used depending on a system's characteristics. The SJK facility's 
space heating, hot water and kitchen electricity sub-metering 
methodology and techniques were explained in Chapter 4.8. To be able 
to apply measuring techniques correctly and effectively, first an audit of 
the facility must be conducted, which is explained in Chapter 2. After 
obtaining a complete picture, a facility measuring technique can be 
chosen.  
 
The sub-metering process should continue as long as it captures 
explanatory variables and their most influential variations. 
Heating/cooling energy consumption should be metered during a period 
of at least 1 year, during which time it is possible to capture all the 
variations made by climate and weather seasons.  
 
Kitchen consumption depends on the period and guest type, as 
discussed in Chapter 5.1.5, where variations were recorded during 
summer, autumn, and the Christmas period. For such reasons 
monitoring should be conducted as long as it provides an accurate 
picture of a facility's performance or it captures the most influential 
variations. Smaller variations on a daily or weekly basis are easier to gain 
an insight into as they repeat themselves.  
 
Parallel to sub-metering, any activity, apart from daily activities, that 
could significantly affect energy consumption should be 
qualitatively/quantitatively recorded. The number of guest nights is a 
very important variable for energy consumption, as discussed in 
Chapters 5.1 and 5.2. Conference activities and/or larger exhibitions 
influence a hotel's performance, as noted in Chapters 5.2.3, and 6.7. 
Upgrading building services, for instance by increasing the number of 
guest rooms, or incorporating space cooling, should be registered with a 
clear explanation of the changes. This is very important because the 
hotel personnel have a particular rate of change and experience and 
knowledge disappears over time. The author observed that hotel 
personnel is often very busy with every day activities and proper 
recording of possible changes and activities is often missing.              
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7 Conclusion and future work 
 
 
 

7.1 Conclusions  
Information on the most intensive energy users provides the possibility 
of targeting the parts of a building's systems where savings can achieve 
the highest scores and a reasonable payback time. The auditing and 
monitoring process showed that in 2005 50,12 % of total energy was 
supplied by DH, 39,46 % by electricity and the rest, 10,42 %, was 
supplied by DC. Space heating consumed 60 % of the total DH 
consumption and the rest, 40 %, was used by the domestic hot water 
system. The lighting system accounted for nearly 34 %, and the kitchen 
appliances for 24 % of the total installed electrical power. This provides 
information that even small savings in DH and/or lighting consumption 
would generate significant total energy savings, with the least effects, 
through investment in the space cooling system.  
 
An electricity base load of 80 kW, throughout the year, shows that a 
significant amount of electricity has been used permanently by the hotel's 
systems. Disaggregation of the electricity end users showed that 
approximately the HVAC system used 50 %, lighting 31 % and the 
refrigeration units 19 % of the electricity. This shows where the 
optimization of running times would provide the highest benefits, 
contrary to the equipment that operates during shorter periods.   
 
The peak loads of DH and DC were overestimated by 22 % and 57 % 
respectively in 2005. By proper peak load management would be possible 
to save on contracted power demand that is fixed. A lower peak load has 
a lower fee and provides direct savings on the utility costs.  
 
Reporting the number of conference guests into the HER system would 
help to explain water, district cooling and electricity consumption, as 
statistical analysis did not show a direct connection between 
water/DC/electricity consumption and the number of guest nights. The 
figure for the number of conference guests could explain consumption 
of these recourses, which could help in devising further energy saving 
actions.    
  
The regression analysis showed that DH consumption at SJK depends 
heavily on climatic conditions and occupancy rate. The outdoor 
temperature and number of guest nights can explain DH consumption 
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with a certainty of 94 %. However, during the summer period (especially 
during July) the prediction was much weaker, as DH was mainly utilized 
for hot water consumption. There were no figures available for hot water 
consumption, which could be used, in the analysis.    
 
The auditing process showed that DC at SJK operates unnecessarily 
during the entire year, even while outdoor air temperatures are below 0 
ºC. The reason for this causes by an intensive conference and kitchen 
activities where space cooling operates during these activities. DC use 
can be lowered through a simple inexpensive retrofit, for instance by 
adjusting comfort regulation and avoiding the parallel use of both space 
heating and cooling systems. A better control system that prevents 
parallel operation would minimize DC operation during the wintertime. 
Another way would be by utilizing free cooling by introducing a former 
rooftop dry cooler as a source of coldness during cold periods. 
 
The economic aspects of energy saving measures are very powerful. 
Inexpensive measures, such as efficient peak load management, power, 
ventilation and lighting control in the kitchen and other public areas, 
have the potential to decrease utility bills and lower the hotel's 
operational cost. Another feasible measure would be heat recovery from 
the cooling machines used for cold storage. Savings in the operational 
cost from inexpensive measures can provide space for investments in 
larger retrofits, such as master switch key cards installation, free cooling 
for space cooling, improvements in the building's insulation 
performance, etc. All these conservation and saving measures would 
decrease the environmental impact of Scandic Järva Krog, and create 
best practice among Scandic hotels. The knowledge and lessons learned 
via Scandic Järva Krog will help in implementing similar measures at 
other Scandic hotels.  
 
The linear regression analysis for five Scandic hotels in Stockholm 
showed that the hotels located in the downtown area had the least 
variation in total energy and electricity consumption. This was the result 
of services provided at an almost constant level throughout the year. 
Those hotels were also occupied at a constant level throughout the year. 
The linear regression analysis showed that all hotels are specific and 
differ considerably, even though they are all very similar. A hotel needs 
to be divided into: sub-systems (space heating/cooling, ventilation, water 
usage system, swimming pool, etc). Such a division would enable 
benchmarking, not of the entire hotel on kWh/m2 year basis, but on a 
sub-system basis. For instance, how effective the cooling system is, is 
simple to determine by having a benchmark on space cooling. This 
would help to determine the return and energy savings on possible 
investment in a space cooling system or any other hotel sub-system.  A 
more accurate evaluation of sub-systems' performance is needed as a 
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basis for management to make decisions for investment. Obstacles for 
such evaluation of sub-systems include expensive measuring equipment 
and data logistics as well as the know-how and knowledge of hotel 
personnel an outsourced companies. Through technological and 
information development the measurement equipment and logistic data 
systems become less costly and therefore more easily affordable to 
hotels. By educating technical personnel to acquire knowledge on a 
hotel's performance would create a foundation for a better 
understanding of a hotel's sub-systems. Such actions would create the 
quality of information needed for decision makers. Higher quality 
information on sub-system performance generates a faster response 
from management and can intensify the flow of information between 
management, field personnel and decision makers. At the present time 
kWh/m2 year is usually the only information that the hotel management 
deals wit. There is a need for better quality information on energy 
performance.   
 
Energy consumption of five Scandic hotels depended on different 
factors. For Järva Krog and Continental, DH consumption depended 
mainly on outdoor climate, while for Kungens Kurva, Ariadne and 
Malmen, DH consumption depended equally on outdoor climate and 
internal factors (number of guest nights, food covers sold). Such 
variations arose for different reasons. A general conclusion can, 
however, be made for the entire group regarding electricity consumption. 
All of them had a high base load and no variable could explain its 
consumption. Water consumption depended on the presence of a 
swimming pool, where for those cases such as Järva Krog and Kungens 
Kurva, water consumption could not be explained by any internal 
variable. On the contrary, for those hotels without a pool (the other 
three in the examined group), water consumption could be explained 
through the number of guest nights and food covers sold.  
This shows that a general comparison of hotels of similar age, type and 
hotel standard can create the wrong impression of a hotel's performance 
and can give the wrong picture to the management. This could result in 
making investments in systems that will not make good returns and 
desirable savings.     
 
This thesis shows that the comprehensive study and findings at one 
hotel, even of a similar type, cannot be completely reflected on the entire 
group of chain hotels. Every hotel needs to be studied separately in order 
to find out accurate information on a hotel's energy performance. Even 
small variations on a hotel offered services give a significance influence 
to its energy performance. A hotel specific services and systems must be 
identified and quantified and compared to similar services/systems prior 
making decisions on energy conservation measures. Making decision 
based on overall annual energy consumption kWh/m² can mislead 
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management to make a mistake and at the end cannot give an expected 
return.       
 
Now days, there are many discussions among the professionals about 
quality of energy investigations that are questioning the achievements 
and results. This thesis can help the professionals in discussions of 
different methods applied and results achieved. This work shows a 
process to identify and rate qualitative and quantitative variables, which 
affect energy performance on a hotel building. Such identification can 
help professionals to focus on relevant issues. The thesis shows a 
statistical method, linear regression analysis, which is seldom applied by 
professionals, but which can help to process and evaluate collected data.  
       

7.2 Future work 
Hotel management is missing a tool, which could evaluate possible 
actions taken as part of Scandic's sustainability programs. The tool would 
measure environmental activities performed at the hotel and the 
management would be able to create a better energy/environmental 
management system. Such a tool would help them to get quick feedback, 
to benchmark, and to evaluate performed activities, and would give 
power to the hotel's management to plan energy efficiency and 
conservation measures.  
 
Personnel at Scandic Järva Krog and other Scandic hotels need a user-
friendly manual or description of actions in energy saving and 
conservation measures for each sub-system. The manual must be easily 
understandable and effective in following up all given sub-systems. By 
using the manual, a service engineer should be able to perform the 
auditing/monitoring process, assess the building's energy use and 
determine points of interest for energy saving. After assessing the 
building's performance, the next step is to inform the management about 
possible energy saving measures. A well-prepared and performed 
auditing/monitoring process provides more realistic figures on possible 
savings. 
 
The number of conference guests influences substantially energy/water 
consumption. It may be appropriate to perform further investigations in 
this area and possibly include conference activities in the reporting 
system.       
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9 Appendix 
 
 
 
 

9.1 Appendix 1  
 
 
 

Load Factor for Järva Krog during 2005  
(Data collected on hourly basis) 

 Maximum 
(kW) 
 

Minimu
m 
(kW) 

Electricity 
consumption 
(kWh) 

LF 

January 235 96 110578 0,63 
February 231 96 101373 0,65 
March 194 84 98910 0,68 
April 204 83 91699 0,62 
May 193 78 95123 0,66 
June 190 79 91032 0,66 
July 173 77 87000 0,67 
August 186 81 93385 0,69 
September 208 82 94890 0,63 
October 210 79 102472 0,66 
November 217 86 106018 0,68 
December 201 90 98128 0,66 
 

9.2 Appendix 2   
Details on measurement techniques. 
 
Flow meter 
The meter was a non-intrusive ultrasonic flow meter “Prosonic Flow 90 
WA-1” Clamp On with 1 channel, produced by Endress+Hauser.  
The meter is used for water applications for nominal diameters from DN 
50 to 4000 with a measuring velocity range between 0 and 15m/s. The 
flow sensor was set to a range of DN50 to DN300 and the temperature 
range from -20 ºC to 80 ºC. The maximum measured error for 50< 
DN< 200 is +/-0,5 % of the reading, and +/-0,05 % of the full scale 
value. The sensor was dry calibrated by the manufacturer together with a 
transmitter. The calibration typically results in an additional 
measurement uncertainty of 1,5 %. For the application, on a stainless 
steel pipe, of DN80, the sensor was mounted with two traverses as 
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recommended by the Operating Instructions. The transmitter was 
powered by a power supply cable of 240 V and 50 Hz that provided a 
continuous power supply. A signal of 4 to 20 mA from the transmitter 
was connected to a one channel “Testo” data logger, type 175-S1, 
coupled in series with an additional electric resistance of 400 ohm. The 
testo logger has a resolution of 0,01 mA, and a memory capacity of 
16 000 readings.  
 
Temperature meters 
The temperature readings for the inlet and outlet of the space heating, 
heat recovery, and hot water systems were made by “Testo 175-T3” and 
“177-T4” meters that were coupled with two T-type thermocouples. The 
measurement range is -50 to +400 ºC with an accuracy of +/-0,5 ºC (for 
-50 to 70 ºC). The logger has a resolution of 0,1 ºC, a storage capacity of 
16 000 readings for the first, and 48 000 readings for the second. All 
Testo loggers were calibrated by the manufacturer with Cu-CuNi for 
100,2 ºC and the CuCn thermo couples with an ice-bath at a temperature 
of 0,0 ºC.  
The Testo loggers communicate with a PC using an IR serial interface 
and Comsoft 3 Basic software that is used to set recordings, retrieve, and 
display current values.  
 
Kitchen power meter 
The kitchen's electricity consumption was measured using a non-
intrusive “Elite Logger” power/energy meter, manufactured by Pacific 
Science and Technology, INC. It is based on a current transformer that 
can record volts, amps, kW, kVAR, kVA, and Power factor as a 
maximum, minimum and average for all parameters, also including kWh, 
kVAh, kVAh, Ah. The measurement accuracy is better then 1 % (<0,5 
% typical) excluding sensor errors. There is a memory capacity of 25 000 
readings. The instrument can read from 0 to 600 V AC or DC. There are 
four current channels, 0-333 mV, corresponding to 5-3000 A, depending 
on the current transformer selected. The current transformer used is a 
large shunted split core of 400 A that has voltage output of 0-333 mV. 
The logger communicates directly via RS-232 to a PC by using ELOG 
Software for communication to program, display current values, and 
retrieve data.  
 
Solar meter 
A Pyranometer GSM 3.3 solar meter, manufactured by “Adolf Thies 
Gmbh&Co.KG” was used to register global radiation including diffusive 
and direct shortwave solar radiation of 300 nm,  up to long wave 
radiation of 5000 nm. The solar meter generates a signal of 4-20 mA, 
registered by the Testo logger. The operating range is 0-1300 W/m² with 
an error of between 2 and 3 %. The manufacturer calibrated the solar 
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meter. The solar meter was completely exposed to the sky and no 
shadow could cover the meter. 
 
Outdoor temperature meter 
The outdoor temperature was recorded using a Pt100 sensor, according 
to DINJEC751, manufactured by “Greisinger Electronic Gmbh”. The 
accuracy of the sensor is +/-0,3 at 0 ºC, and it has an electronic accuracy 
of +/-0,2 % FS.  
 

9.3 Appendix 3  
Heat recovery from cold storage 
 
Heat recovery would preheat incoming fresh tap water. Domestic hot 
water consumption is 35 % of the total annual DH consumption, which 
is used to heat fresh water from 6 to 55 ºC. This is approximately 597,9 
MWh/year based on data from 2004. Chapter 6.8 showed that it was 
feasible to utilizate 500 MWh/year from cold storage. The maximum 
temperature coming from the heat pumps is 35 ºC. It is assumed that the 
maximum temperature that fresh water can be preheated is from 6 ºC to 
30 ºC. Such preheating can utilize an annual maximum of 292 
MWh/year or save 17 % of the supplied DH, which would have saved 
approximately 44 000SEK in 2004 and 39 000 SEK in 2005. This cost 
only included the cost of MWh consumed and not fees and taxes. 
 
The hardware investment cost includes storage tank costs (1000 liter) of 
10 000 SEK; piping costs of 7 000 SEK; fitting and connection costs of 
3 000 SEK. To this cost VAT and man-hours costs should also be 
added.   
 
The heat storage tank provides stability for preheating fresh water and 
for cooling down the heat pumps’ condensers. The storage tank of 1000 
liters can be filled with waste heat in 35 minutes or emptied in 1 hour. 
This is enough time to provide sufficient system stability.       
 

9.4 Appendix 4 
An EU directive, 2002/91/EC, was issued in December 2002 as an 
answer to the Kyoto Protocol, and as a response to meet future 
commitments and achieve security in energy supply. The directive’s 
objective is to promote the improvement of energy performance of 
buildings within the Community, taking into account outdoor climate 
and local conditions, as well as indoor climate and cost effectiveness. By 
the beginning of 2006, every member state had to apply a methodology 
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that complies with the directive. Every hotel building with a size of 1000 
m² and above will have to meet the requirements given in the directive.  
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