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Abstract  
Existing installations and energy systems in most commercial 
buildings could be used in a more effi  cient way to provide sav-
ings – both in terms of energy and load demand. Th e key for 
eff ective operation is a thorough and detailed analysis of energy 
use patterns that creates essential baseline for energy savings 
and the development of demand response (DR) strategies. 

Th e knowledge of energy demand variations is still very lim-
ited and the use of methods to analyse the load demand is rare. 
Many utilities have recently installed interval (hourly) metering 
even for smaller commercial users and households. Th is is a big 
step forward; however, experience shows that the data is being 
used only to a limited extent, mostly for billing purposes only. 

Th is paper reports about a study conducted with the objec-
tive of developing a detailed load demand analysis for com-
mercial buildings. Th e study results should provide essential 
information for the formation and evaluation of future DR and 
energy effi  ciency strategies. Th is study was performed in col-
laboration with IKEA and E.ON and contributes to an ongoing 
IKEA energy effi  ciency programme. Two sample department 
stores in Sweden were selected and analysed within this project. 
Th e demand data analysis covers almost 3 years period, 2004-
2006.

Th is study contributes to new knowledge of energy use pat-
terns (load demand) in commercial buildings. It proposes 
solutions of load-related problems, evaluates energy and load 
savings potential, identifi es and analyses the needs, motives 
and barriers for participation in DR programmes. Th e study 

provides recommendations for ongoing and future effi  ciency 
and DR strategies and discusses the potential economic ben-
efi ts from the DR measures.

Introduction 
Th e major scope of this paper is load demand analysis in com-
mercial buildings. Load demand is an important techno-eco-
nomic issue both for electricity producers and for grid compa-
nies. Power insuffi  ciency can occur due to fall in production 
or the limited transmission capacity in the grid. Power insuf-
fi ciency can occur on both the supply and demand side and can 
have technical, economic and even political causes.

Commonly, system balance in the grid has been secured by 
expanding production and/or distribution capacity, importing 
electricity, or by facilitating changes in consumption patterns 
on the demand side. Th is has been done through various en-
ergy effi  ciency and demand response (DR) programs. DR is the 
application of available technical and economic mechanisms 
to balance energy demand and supply in a grid-based energy 
system. To be more specifi c, DR is a short term modifi cation in 
customer end-use electric loads in response to dynamic price 
and reliability information (Watson et al, 2006). Th e primary 
goal of energy effi  ciency (EE) measures is reduction of energy 
use (expressed in kWh), while the goal for DR is the dynamic 
reduction of peak load demand (expressed in kW or kWh/h). 
Th e proper starting point for the achievement of both goals is 
a detailed and thorough analysis of consumption patterns. It 
can give essential information for savings strategies leading to 
energy and fi nancial savings.

Residential, commercial and services sector account for 
around half of the total electricity consumption in Sweden 
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(Swedish Energy Agency, 2005). However, the existing knowl-
edge about demand variation is inadequate. Interval (hourly) 
metering has been used for bigger commercial/industrial us-
ers for a long time, providing energy data, having potential to 
answer many questions and helping to design appropriate EE 
measures and strategies. Th ere is a potential of at least 30 % 
decrease in energy use in commercial buildings (Alliance to 
Save Energy, 2007).

IKEA in Sweden has started a wide energy effi  ciency project 
which will last 2006-2009. Th is is a part of IKEA’s social and 
environmental policy. A primary goal is energy use reduction 
by 15 % in all IKEA units in Sweden – department stores, ware-
houses and offi  ces (totally around 50 buildings/units, around 
1.000.000 m2 fl oor area) (IKEA group, 2005). Th e fi rst stage of 
the project included in-depth energy surveys in all IKEA build-
ings carried out by the energy company E.ON. Th ough the ma-
jor focus of the program is energy effi  ciency (and alternative 
heating sources), the load demand and demand response issues 
are interesting both for IKEA and E.ON and will be considered. 
IKEA Sweden has not participated in DR programs so far. Th e 
information on DR issues has been rather limited at all deci-
sion making levels. It is expected that with the current energy 
effi  ciency programme the DR will become a greater priority for 
the company. Ventilation and lighting systems in buildings are 
assumed to be the major DR potentials in this case.

Th e objectives of the investigation presented in this paper 
are: 

To develop a detailed load demand analysis of two selected 
IKEA department stores and to compare it to total load de-
mand of IKEA stores in Sweden.

To discuss the link between planned energy effi  ciency and 
savings measures and DR possibilities.

To identify and analyse diff erent DR possibilities and con-
straints at the stores (considering techno-economic and 
social aspects).

Materials & methods
Both quantitative and qualitative methods are used – detailed 
demand data analysis and interviews. Two IKEA stores are 
analysed - one located in Stockholm area, and the second one 
located in Malmö in the southern part of Sweden.

Data collection and availability
Th e following review and analysis is based on the hourly elec-
tricity use data from years 2004, 2005 and 2006 Jan-Aug. Th e 
data was obtained through “Energidialog” (E.ON’s interactive 
database on the web). Outdoor temperature data was obtained 
from SMHI (Swedish Meteorological and Hydrological Insti-
tute).

Data analysis
Several characteristics can be derived when analyzing load on 
the demand side to describe load demand conditions as (Abar-
avicius et al, 2006):

Magnitude of energy use and load demand

Variation of the demand in time

•

•

•

•

•

Minimum and maximum load demand values

Duration of minimum and maximum load

Contribution to the company’s total load curve

Th ere are several established load analysis tools, such as load 
curve, typical load curve, load duration curve, load factor, su-
perposition factor, etc, which are used to describe these condi-
tions (Pyrko, 2004). 

Th e load curve illustrates the variation of load demand dur-
ing a specifi c period and can be converted into a load duration 
curve showing the duration of a particular load demand. 

Exploitation time: calculated for a specifi c object, is a ratio 
between energy use and maximum load demand during a given 
period.

Th e load factor is the ratio of the average load during a spe-
cifi c period of time to the maximum load occurring during 
that period. 

Th e superposition describes one specifi c customer’s infl u-
ence on a total utility load curve i.e. the contribution of partial 
load to the total load. Th e superposition factor (SF) is the ratio 
between the partial load demand during the total peak (ΔPmax) 
and the maximum partial load (pmax) during the time period 
being considered (see Fig. 1).

Interviews
Th e interviews were performed with following stakeholders:

Facility managers at the selected stores – these employees 
are responsible for energy use and systems maintenance at 
the stores.

Technical manager of buildings’ owner IKEA Fastigheter 
(IKEA Properties) – this employee is coordinating energy 
related questions of all IKEA buildings in Sweden. Facility 
managers of each specifi c building report to him.

E.ON energy advice – consultants who performed the en-
ergy inventory for selected IKEA buildings.

•

•

•

•

•

•

Figure 1. Superposition (Pyrko 2004)



PANEL 4. MONITORING AND EVALUATION

 ECEEE 2007 SUMMER STUDY • SAVING ENERGY – JUST DO IT! 651     

4,096 ABARAVICIUS, PYRKO

Energy use in IKEA stores

GENERAL FACTS
Th ere were a total of 13 stores in Sweden in operation during 
years 2004-2006. 

On weekdays IKEA stores are open 10.00-20.00, holidays 
(weekends) 10.00-18.00. On the last Saturday of every month 
they are open up to 20.00. Th e stores are closed 6 days per year 
(New Year’s Eve and Day, Midsummer Eve and Day and Christ-
mas Eve and Day). 

Energy to the stores is supplied in forms of electricity and 
district heating (for heating and hot water). Th e store in the 
Stockholm area is also supplied with district cooling. Th e anal-
ysis reported in this report will be limited to focus on electricity 
use. Total electricity use in all IKEA stores in Sweden in 2004 
and 2005 reached around 43 and 46 GWh respectively.

SELECTED STORES (STOCKHOLM AND MALMÖ)
Two IKEA stores, exposed to slightly diff erent climatic condi-
tions, were selected for the further analysis. One is located in 
Stockholm area (central Sweden) and another one in Malmö 
city (Southern Sweden). 

It was not possible to get the real data on installed capacities 
of all specifi c end-uses in the analysed buildings. Th e facility 
managers were not able to specify for example the installed 
electric capacity of the heating system (circulation pumps, 
etc.).

Th e store in Stockholm has an installed capacity for venti-
lation fans reaching approx. 300 kW. In the Malmö case, the 
manager could not specify the exact installed capacity of venti-
lation fans. An assumption was made that the installed capac-
ity for ventilation fans in Malmö store was about 150 kW (the 
store in Stockholm is around twice as large).

Th e calculated average load demand for lighting in all IKEA 
stores in Sweden is around 14 W/m2 (IKEA, 2006). Based on this 

number, the calculated installed capacity for lighting in Stock-
holm and Malmö stores are 770 and 343 kW respectively.

Th e Stockholm store is connected to district cooling sys-
tem, while the Malmö store uses electricity for cooling. Th e 
installed cooling capacity in the Malmö store reaches 1 MW 
(IKEA, 2006).

Electricity costs
Energy price
Th e electricity price is fi xed for all IKEA stores (no Time of 
Use or other type of rates). Electricity is purchased from the 
utility E.ON.

Grid tariff s
Th e stores are located in diff erent grid areas, belonging to dif-
ferent energy companies. 

High load demand period: November - March weekdays 06-
22 h. Normal time: April – October all time and November - 
March weekdays 22-06 h and weekends (holidays)

The Stores’ operation schedule
Th e approximate operation schedule in the analysed stores is 
following (based on interviews at both stores):

5.00 the product fl ow starts, transport. 6.00 -7.00 unpacking 
of goods.

Lighting and ventilation fans are on (ground, basic).
Diff erent personnel start at diff erent hours, staring from clean-

ing, packing-unpacking goods, administration work.
10.00 store opens 
Full commercial lighting and all ventilation fans are on.
Cooling is on immediately aft er the lights are on in summer 

(outdoor temp over + 15 °C). 
20.00 store closes 
Full lights are on for at least half an hour aft er closure.

Table 1: Facts about Stockholm and Malmö stores (IKEA, 2006)

Stockholm Malmö

Year of construction (extension) 1965 (1998-2001) 1970 (1998)

Area, m
2

55000 24515

Electricity use (2005), MWh 6944 (126,3 kWh/m
2
) 3792 (154,7 kWh/m

2
)

Subscribed electric load, kW - 1150

District heating use (2005), MWh 3937 1445

District cooling use (2005), MWh 1364 -

Fixed fee Variable fee

Monthly fee – 16 000 SEK/month [1680 EUR/month] Monthly load fee – 10 SEK/kW, month [1,06 EUR/kW, month]

(Highest recorded hourly load demand value during the charged

month)

Monthly load fee (High load demand period) – 27 SEK/kW, month

[2,85 EUR/kW, month]

Transmission fee – 2 öre/kWh [0,21 EUR cent/kWh]

Transmission fee (high load demand period) – 5 öre/kWh [0,53 EUR

cent/kWh]

Table 2. IKEA Stockholm is located in Vattenfall’s grid area and the fees are following (Vattenfall, 2006)

Fixed fee Variable fee

Yearly fee: 7000 SEK/year [739 EUR/year] Transmission fee: 3,9 öre/kWh [0,41 EUR cent/kWh]

Subscription fee: 467 SEK/kW, year [49 EUR/kW, year] Transmission fee (high load demand period): 6,5 öre/kWh [0,69

EUR cent/kWh]

Table 3. IKEA Malmö is located in E.On’s grid area with following grid fees (E.On, 2006)
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Some ventilation is periodically operating through the night. 
Electric trucks are charged aft er 23.00 in Malmö case and in the 
periods 10-20 and 0-5 in Stockholm case.

Load demand analysis in IKEA stores
In load demand analysis performed within this study some de-
fi ned tools and factors mentioned previously were used. Load 
curves, typical load curves and duration curves are based on 
hourly load data. 

Electricity use pattern in the stores is quite constant day by 
day, naturally dependent on opening hours. Th e stores have 
three principal load shapes: (1) operating on weekdays, (2) op-
erating on holidays (weekends) and (3) closed.

Electricity use
Table 4 shows some electricity use statistics and analysis results 
for IKEA stores in Malmö and Stockholm as well as IKEA Swe-
den’s total electricity use for 2004 and 2005. 

In the Malmö case the peak load value in year 2004 was re-
corded on August, 4th and in the year 2005 it was on July, 30th. 
In the Stockholm case in the year 2004 it was on December, 3rd 
and in the year 2005 it was on December, 30th.

Annual load curves
In the Malmö store, the highest load demand values occur dur-
ing summer months (see Fig. 2) because electricity is used for 
cooling purposes. Since there is no electric heating, there are no 
peaks during winter period. Th e load demand is not correlated 
to cold outdoor temperature. 

In the Stockholm store, the electricity use is rather even all 
year round. Th e major end use is for lighting and ventilation 
system which is relatively independent of the season. Since 
there is neither electric heating nor cooling, there are no sig-
nifi cant peaks during cold winter or hot summer periods. 

Th e major diff erence when looking at the duration curves 
of both stores (Fig. 3) is the shape of the curves during high-
est load hours. In Malmö case, 10 % of highest peak lasted for 
87 and 190 hours in 2004 and 2005 respectively. In Stockholm 
case 10 % of highest peak lasted for 807 and 374 hours in 2004 
and 2005 respectively. Th ese numbers show that the Stockholm 
store’s duration curve is more fl at during maximum load pe-
riods, which is also refl ected in the exploitation time values 
given in Table 4. 

Table 4. Electricity use characteristics at IKEA store in Malmö and Stockholm

Malmö Stockholm All stores in Sweden

2004 2005 2004 2005 2004 2005

Total use, kWh 3 733 894 3 792 064 6 993 538 6 944 000 42 858 443 46 045 769

Max load, kW 1159 1070 1392 1498 9836 10547

Min load, kW 68 75 64 176 1310 1251

Aver load, kW 425 433 796 787 4879 5256

Load factor 0,37 0,40 0,57 0,53 0,50 0,50

Exploitation time, h 3222 3544 5024 4636 4357 4366

Figure 2. Load curves for Malmö and Stockholm stores for the years 2004 and 2005 (some data from 

Stockholm store is missing in 2005).
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Figure 3. Load duration curves for Malmö and Stockholm stores for years 2004 and 2005 

Typical daily load curve

Figure 4. Typical daily load curves for Malmö and Stockholm stores for year 2005 and for January 

and July months (based on data from years 2004, 2005 and 2006).
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LOAD DEMAND COMPARISON

Peak loads
Peak load values for analysed period were determined. In year 
2004 it was August, 4th, in year 2005 it was July, 12th.

All the highest peaks during the analysed period (2004, 2005) 
occurred in summer. Th ey are related to high outdoor tempera-
tures as some stores are using electric cooling systems.

Dimensionless typical load curves
Hourly load demand data from the investigated objects were 
used in order to expose the variation of load demand and its 
deviation from the typical load curve. Figure 7 shows relative 
hourly load curves (ratio of load demand and average annual 
load demand) for IKEA Sweden totally and the two investi-
gated stores. Th e Stockholm store follows the total curve very 
close. Th e load curve for Malmö shows about 20 % higher load 
demand during opening hours, but the load curve shows lower 
load demand when the store is closed. Th is diff erence can be 
explained by a considerable load demand for cooling during 
summer months in Malmö. 

Malmö and Stockholm stores’ contribution to total peaks
Th e results of superposition factor analysis (as defi ned before) 
for data from 2006 show that the highest peak loads in both 
analysed stores directly contributed to the total peak load of 
the whole company (see Table 5, the superposition factor = 1). 

Th ose peaks occur at high outdoor temperatures during sum-
mer. 

Load pattern deviations
In order to fi nd periods when the load pattern diff ers from 
the typical load curve for the object the hourly load data were 
used. Figure 8 shows one example of the calculated diff erence 
between maximum and minimum hourly load demand during 

Total IKEA stores load in Sweden

Figure 5. Typical daily load curves for all stores in Sweden for years 2004 and 2005.

Figure 6. Typical daily load curves for all stores in Sweden for January and July (based on data from years 2004, 2005 and 2006).

Figure 7. Dimensionless (relative) hourly load curves for the 

stores in Malmö and Stockholm compared with IKEA Sweden’s 

total load curve.
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opening hours for the Malmö store. Th is analysis provides an 
opportunity to fi nd the days and periods when this diff erence 
is signifi cantly high, which can reveal the problems that occur 
in the installations and devices. It can also express that there is 
a possible potential for load, and thereby energy, savings.

Energy savings and Demand Response    
possibilities in IKEA stores
Th e facts and arguments discussed in this part of the paper are 
based on the information obtained in the recorded interviews 
with the facility managers of the two selected stores.

DECISION MAKING AND INFORMATION
Energy related decisions are taken by a store “steering commit-
tee” consisting of 6 members (store manager, fi nancial manager, 
interior manager, customer service manager, restaurant man-
ager and personnel manager). Th e facility (technical) manager 
is not included, but can give suggestions for approval of the 
store steering committee. IKEA Properties (in Swedish “IKEA 
Fastigheter”) as an owner of the building also makes energy 
related decisions and investments. Energy control and automa-
tion systems belong to the IKEA properties. Th e chief adminis-
trator and facility manager are representing IKEA Properties.

Th e major obstacle in energy related decision making is an 
“interest confl ict” between the steering committee and the 
building owner IKEA Properties. Th e store management staff  
pays energy bills and naturally is interested in lowering energy 
costs. However, they are not motivated to make signifi cant in-
vestments in energy effi  ciency measures or load demand sav-
ing as all the equipment belongs to building owner. Th erefore, 
when the “low costs” savings potential is used, there is a di-
lemma to invest in more expensive measures, (e.g. renovation 
of ventilating system, improving building insulation, etc.).

IKEA Properties is not aimed at getting profi t from IKEA 
sales; however, all the investments in buildings done by the 
owner have to be compensated by IKEA sales.

Another constraint is the lengthy decision making process. 
Th e facility manager has to wait for the response from the IKEA 
Properties representatives. One typical example is the question 
of thermal insulation improvement in the Stockholm store 
which has been waiting for a decision for about 4 years.

When it comes to everyday maintenance of the building sys-
tems, the “confl ict” could also arise between the interior staff  
(personnel responsible for exhibiting and sales) and facility 
manager. Th e interior manager and designers naturally priori-
tize the increase of sales and attraction of the products and not 
the energy savings, so it is in fact rather diffi  cult to convince 
them to think in energy saving terms. 

Th e facility managers’ knowledge of load demand measures 
is rather general and insuffi  cient. Th ey acknowledge the impor-
tance of the issue and they are aware of possible load problems 
on national level in future. However, they have not worked 
with DR questions so far. At present, mostly energy effi  ciency 
and energy saving issues are prioritized and space heating is 
considered to have the biggest saving potential. Th e managers 
have no informa tion on DR provided by their electric utilities. 
However, they believe that they could get this information from 
energy suppliers if demanded. 

Proposed energy savings measures in the stores   
and possibilities for Demand Response
Aft er energy auditing performed by E.ON, several technical 
electricity savings or effi  ciency measures were proposed for 
both stores (IKEA, 2006):

Ventilation system: installation of frequency converters and 
pressure controllers for ventilation fan motors, operation 
time control of ventilation fans.

•

Table 5. Superposition factor calculated for the Stockholm and Malmö stores during 3 highest peaks of all IKEA stores in Sweden 2006

All stores Stockholm Malmö

Pmax Pmax Tout pmax Tout SF Pmax Tout pmax Tout SF

kWh kWh ºC kWh ºC kWh ºC kWh ºC

2006-07-07 11:00 12444 1350 30,5 1350 30,5 1,00 1079 26,3 1079 26 1,00

2006-07-06 11:00 12281 1346 28,9 1346 28,9 1,00 1071 28,3 1071 28 1,00

2006-07-27 12:00 12272 1410 26,9 1410 26,9 1,00 1070 28,1 1070 28 1,00

Figure 8. Difference between maximum and minimum hourly load demand during opening hours 10 am – 4 pm, Malmö 2005.
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Heating system: pressure controller and frequency convert-
er for radiator pump, operation time control of circulation 
pump.

Cooling system (Malmö case): cooling media pump ex-
change, pressure control and fl ow regulation.

Lighting system: time control of lighting and occupancy sen-
sors.

All these effi  ciency measures have a potential to decrease load 
demand as well. If the frequency converters would be installed, 
instead of presently possible on/off  control, it could partially 
decrease the ventilation possibly without signifi cant deteriora-
tion of the indoor comfort. Th e planned operational time con-
trol for those systems could be easily adjusted to specifi c load 
management strategies. 

Low energy lamps are already used in the stores. Separate 
control channels for diff erent groups of lighting are also used 
in both stores.

CONSTRAINTS FOR PARTICIPATION IN DEMAND RESPONSE        
PROGRAMMES
It is diffi  cult to design specifi c measures which would not 
interfere with customer comfort and sales, which is the pri-
mary function of the store. A general conclusion of the facility 
managers was that they “cannot turn off  more than they do 
today”, or “they found it diffi  cult to fi nd any loads to control”. 
At present, the managers do not see any signifi cant possibili-
ties to save load during peak demand hours as, according to 
their experiences, any reductions in comfort would be noticed 
immediately. 

Th e major constraints for participation in DR programs are 
the following:

Interference with the main functions of the store

Slow decision making process

Required investments in equipment

Lack of time and resources

Th e decision to participate in the DR programme should be 
taken by the store steering committee and IKEA Properties. 
Th e work would probably be carried out by technical managers, 
sometimes even with the help of other employees.

HVAC
According to the managers, there is no possibility to tempo-
rarily stop space heating circulation or implement any other 
measures here. Shutting the ventilation off  almost immediately 
aff ects the personnel and leads to loud complaints. Installation 
of converters is recommended as signifi cant energy savings 
measure; however, it would require signifi cant investments 
with payback time about 4 years and that is too long in the 
present situation. 

Lighting
Any types of measures on lighting are complicated to perform. 
It is directly related to the functions of the store. It is possible 
there could be some short term lighting interruptions for ex-
ample when the personnel are having a breakfast break or in 
similar situations. Th e problem aft erwards, however, is that the 

•

•

•

•

•

•

•

energy effi  cient lamps need to warm up before they reach the 
full lighting capacity. 

Other
In the Stockholm store case, load guards were installed in some 
areas, but could not be used eff ectively. Th e trial uses were un-
successful, as resulted in strong reactions from personnel (there 
were specifi c examples from restaurant personnel who com-
plained when the ventilation and some furnaces were off ). 

In general, there is a lack of motivation to save energy. Th e 
sales’ staff  has no motivation to save energy and has no “con-
nection” to energy use. Any eff ect on comfort is immediately 
reported and the better service is demanded. 

An interesting example of the energy attitudes and behav-
iour is the case with heat losses through open goods storage 
area gates in one of the stores. Th e facility manager is trying 
to convince personnel to use sensors to open these automatic 
gates. Th e personnel fi nd it more “convenient” to have them 
constantly open and tend to “cheat” the sensors inventing very 
“sophisticated” methods to do this.

POTENTIAL DEMAND RESPONSE BENEFITS 
Economic benefi ts for IKEA stores due to load demand savings 
at present conditions are:

At present tariff  situation in the Malmö case one tariff  com-
ponent relate to actual load demand value and could provide 
economic benefi ts if the subscribed load level was decreased.

In the Stockholm case, it is also one component in the tariff  
- monthly load demand fee. It is set according to the highest 
recorded hourly load demand value during the charged month. 
Savings, if load demand was decreased, would be diff erent dur-
ing high load demand and normal period.

In both cases the savings from transmission costs could be 
achieved by decreasing the overall energy use or shift ing part of 
the use to low load demand period (22-06 hour). Th e decrease 
of subscribed load demand for example by 100 kW in the 
Malmö store would save 46 700 SEK/year (3 890 SEK/month 
or 428 EUR/month). Th e decrease of monthly peak demand 
value by 100 kW in the Stockholm store would save 2 700 SEK/
month or 297 EUR/month). 

Electricity use in the IKEA stores (as well as in other similar 
type retail stores) is rather even all year round. Th e major end 
use at both analysed stores is for lighting and ventilation sys-
tems and their use is relatively independent from the season 
as the stores do not use electricity for heating and the building 
envelopes are not designed to use the daylight eff ectively. Nev-
ertheless, in Malmö store the load peaks during warm summer 
days are mostly due to electric cooling systems.

Electricity use in the IKEA stores is mostly related to the 
operating hours of the stores. Th e highest demands occur be-
tween 10 – 20 on weekdays and 10-18 on weekends and holi-
days. However, the activities in the stores start already from 
about 5 am and continue at least several hours aft er the store 
is closed. 

Cold winter weekday mornings (7-9 am) and weekend (holi-
day) evenings (17-21) are the times when peak load problems 
normally occur in Swedish electricity system. Th ese are the pe-
riods when the demand reduction actions are desirable. Since 
the stores start the activities already form 5 am, and open only 
at 10 am, it might be assumed that the potential load control 
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actions between 7 and 9 am would not hasve negative infl uence 
for the customers. Weekend aft ernoons from this point of view 
are more sensitive, however, aft er 18 h, when the store is closed 
(or even earlier), the actions might be possible. 

Conclusions 
Th e described demand analysis gives detailed information 
about load patterns in department stores. Electricity use in 
the stores is quite constant day by day but naturally dependent 
on opening hours. Th e stores have three principal daily load 
shapes: (1) operating on weekday, (2) operating on holiday 
(weekend) and (3) closed.

Th e analysed diff erences between minimum and maximum 
load demands could be treated as indicators of possible techni-
cal problems resulting in energy losses. Th e next step should 
be the clarifi cation of what is behind those specifi c peaks. Th is 
analysis gives an opportunity to fi nd the days and periods when 
this diff erence is signifi cantly high, which can reveal the prob-
lems that occur in the installed devices. It can also send a signal 
that there is a potential for load (and thereby energy) savings.

Load demand on yearly basis is more constant at the Stock-
holm store. In the Malmö case the values are higher in the sum-
mer time due to the use of electricity for cooling, while the 
Stockholm store is connected to a district cooling system.

Both stores are normally contributing to the total demand 
peaks of all IKEA stores in Sweden. In the Malmö case it is 
slightly more signifi cant. 

Th e interviews of IKEA personnel explained specifi c factors 
behind energy use pattern. Low economic motivation, “inter-
est confl icts” between building owner and sales representatives, 
lack of information from energy supplier are identifi ed as the 
major constraints for DR.

Th ere are some theoretical possibilities of cost savings due to 
a decreased subscribed load value in the Malmö case, and a de-
creased maximum peak in the Stockholm case. Th e researchers 
suggest that IKEA should consider the possibility of renegoti-
ating their electricity supply contract with E.ON, with special 
conditions for specifi c stores.

Already planned energy effi  ciency improvements have the 
potential to increase demand responsiveness as well. 

References
Abaravicius, J., Pyrko, J., Sernhed, K., 2006 Analysing Load 

Demand in Households, Energy Effi  ciency in Domestic 
Appliances and Lighting (EEDAL), London, UK, June 21-
23, 2006, conference proceedings.

Alliance to Save Energy, 2007, www.ase.org
E.ON, 2006, www.eon.se information on grid tariff s.
IKEA, 2006, Interviews and personal communications with 

IKEA Fastigheter technical manager and facility manag-
ers of IKEA stores in Malmö and Stockholm (February 
– December, 2006).

IKEA group, 2005, IKEA Group - Social and Environmental 
Aff airs F.Y 06-09; Strategy, Goals, Main actions.

Pyrko, J. 2004, Eleff ekthushålning i byggnader (Load manage-
ment in buildings), ISBN 91-631-5905-8, Lund University, 
Lund, Sweden (in Swedish).

Vattenfall, 2006, www.vattenfall.se information on grid tariff s.

Swedish Energy Agency, 2005, Energy in Sweden 2005, ET 
2005:25.

Watson et al, 2006, Strategies for Demand Response in Com-
mercial Buildings, ACEEE 2006 Summer Study, Pacifi c 
Grove, California, USA, August 13-18, 2006, conference 
proceedings.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


