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ABSTRACT 

A retail store, especially a grocery store, has a high 

energy density due to decorative illumination and 

refrigerated cabinets. The purpose of this paper is to 

measure and analyse energy consumption of a 

grocery store and develop an energy demand model. 

The measurement revealed that energy consumption 

of refrigeration accounts for 60% of the total 

consumption and an air leakage has an effect on 

heating and cooling. Thus, we developed a 

refrigeration equipment model, enabling to calculate 

energy consumption for refrigeration and to take into 

account air-leakage from refrigeration cabinets in 

heat load estimation for calculating energy 

consumption for air-conditioning. Finally, we apply 

the model to a general merchandise store to confirm 

its applicability. 

INTRODUCTION 

The energy consumption of retail stores accounts for 

approximately 40% of the consumption of Japanese 

commercial sector. It has been increasing due to an 

increase in the total sales area and an increase in the 

energy consumption per sales area. Studies on energy 

consumption of retail stores are very limited because 

there are a variety of service and form in which the 

service is provided. Moreover, retail stores in general 

has a significantly high energy density. For example, 

while average primary energy consumption of office 

building is approximately 1,500 MJ/(m
2
∙year), that of 

grocery store is approximately 6,000 MJ/(m
2
∙year). 

Thus, this paper introduces a simulation model of a 

grocery store. By combining this model with existing 

building performance simulation tools, a variety of 

retail stores can be modelled.  

Jenkins proposed a simulation model that estimates 

the energy consumption of a grocery store (Jenkins, 

2008). In this model, thermal load from equipment 

and occupant in the store is given based on the actual 

condition in order to calculate the energy 

consumption of HVAC systems. The thermal load of 

the air leakage caused by the refrigerated display 

cabinet was calculated while assuming that the 

temperature surrounding the display cabinet is stable. 

However, the air leakage does influence on the 

cooling and heating demand. The air leakage 

increases the thermal load of the refrigerated display 

cabinet. 

In this paper, we present the result of measurement 

on energy consumption of a grocery store. The 

measured consumption was classified into end-use 

categories in order to develop a bottom-up simulation 

model capable of dealing with the whole energy 

consumption of the grocery store. We especially 

focus on the refrigeration equipment, as explained 

later, more than half of total energy consumption of 

the grocery store was occupied by that for the 

refrigeration equipment. In its model, the heat 

balance around the display cabinet is modelled using 

the temperature and humidity measured around the 

cabinet. The refrigeration equipment model was 

combined with an energy demand model to calculate 

the whole energy consumption of the grocery store 

with 1-hour time resolution. This model enables to 

take into account the effect of the air leakage from 

the refrigerated display cabinet in the estimation of 

cooling and heating demand.  

Finally, the result estimated by the simulation was 

compared to the measured energy consumption in 

order to validate the accuracy. We applied the energy 

demand model to a general merchandise store to 

confirm the applicability of the simulation model. 

 

Figure 1 Inside grocery store 

MEASUREMENT 

We measured the power consumption of the grocery 

store in order to clarify its structure of energy 

consumption. We called the store Store A. Store A 

locates in Hyogo prefecture in Japan. Its business 

hours are from 9:30 to 21:00. Figure 1 and 2 show a 

picture and the floor plan respectively. While the 

main activity is food sales, its sales of food accounts 

for most of its total sales. As shown in Figure 2, 

groceries are divided into two types: refrigerated and 
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non-refrigerated. Table 1 lists the attribution of Store 

A.  

 

Figure 2 Diagram of Store A 

 

Table 1 Description of measurement objects 

Store A

Category of retail store Grocery store

Opening 2008

Total floor area 2,972㎡
Sales area 1,568㎡

Compositon of sales floor 1F: Food

Business hours 9：30～21：00

Air-conditioning system Electirc multiple air conditioner

Chiller capacity 130.32kW  

 

Table 2 Measurement items 

Whole store

Refrigerated cabinet

Heat sorce of refrigerated cabinet

HVAC

Lighting and other equipment

Equipment

Lighting

Refrigerator in a storage

Freezer in a storage

Cabinet

Inlet air

Sales floor

Ambient

Sales floor

Cabiniet

Annual measurement

of power consumption

Detail measurement of

power consumption

Temparature

Humidity
 

 

Method 

Table 2 lists the measured items. The period of 

measurement is one year from Oct 2009. The power 

consumption was measured by current sensors (CT) 

attached to each electrical distribution circuit at the 

store’s distribution switchboard at 10-min time 

resolution. In addition to power consumption, 

temperature and humidity were also measured. 

Temperatures were sensed by a thermistor and 

humidity values with a polymer humidity sensor 

using a data logger communication network. These 

data were used to make an analysis of the heat 

balance between the inside and the outside of the 

cabinet.  

Electricity consumption were categorized into those 

of the cabinet and the heat source of refrigeration 

equipment, those of HVAC and those for lighting and 

other equipment for analysis. Regarding the last 

category, lighting and other equipment, includes a 

variety of small consumptions such as floor lighting 

and electronic cash register. In order to have a more 

accurate understanding of where the energy 

consumption is coming from, electricity at the 

terminals of the electric distribution lines from the 

switchboard was measured for one week.  

Energy consumption 

Figure 3 shows results of the measurement of Store A 

and the average daily ambient temperature in Akashi, 

Hyogo. Results show that there were peak power 

consumptions in both summer and winter. Monthly 

energy consumption varies considerably depending 

on the ambient temperature. Summer season was the 

highest registered value of the total Store’s 

consumption with a 151 kWh/month. However, 

HVAC power consumption in winter is higher than 

in summer. In addition, the refrigeration source of the 

cabinets, chillers, defrost and defogger heaters, 

demanded a high consumption in all seasons but its 

peak reached in summer as well. Annually, the 

energy consumption of all refrigeration equipment 

(Cabinet power and Cabinet lighting) accounted for 

55% of the total power consumption. 
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Figure 3 Monthly primary energy consumption 

 

Figure 4 shows the result of the detail measurement 

in Store A. The result demonstrates the hourly power 

consumption of a representative day in summer and 

winter. The hottest day was in Aug 19
th

 2009 within 

the measurement period and was selected as the 

representative day in summer, while the coldest day 

was Jan 14th 2010 in winter. 

The peak power consumption in summer was higher 

than the one in winter with values of 313 kWh/hour 

and 229 kWh/hour respectively. There was 

approximately 10 kWh/hour seasonal variation in the 

power consumption of HVAC. Air leakage from a 

display cabinet would decrease the cooling demand 

in summer and increase the heating demand in winter. 

For this reason, the power consumption of HVAC in 

winter would be higher than in summer. 
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Food sales of Store A account for a large portion of 

its total sale and a large amount of the goods are 

displayed at refrigerated cabinets. The power 

consumption of the refrigeration equipment was large 

not only during the business hours but also during 

closing hours. During business hours these units 

consumed 60% of the total power consumption in 

both summer and winter. The peak power 

consumption of HVAC was at 10:00 in winter and 

14:00 in summer. Other equipment hardly had a 

seasonal variation and its power consumption 

demand was at closing hours. 
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Figure 4 Hourly power consumption (Above: in 

summer season, Below: in winter season) 

 

Temperatures and humidity values around a 

cabinet 

Figure 5 shows hourly temperatures measured around 

a vertical multi-deck refrigerated display cabinet for 

displaying vegetables on Jan 10
th

, the representative 

day of winter season. Regularly, every 4 or 5 hours, 

there was a rise on the temperature inside the cabinet 

and its inlet because its chiller was stopped and its 

evaporator was defrosted. Though the cabinet and 

temperature at the inlet of refrigerated display cabinet 

hardly changed depending on sales floor 

temperatures, these temperatures increased during 

closing hours. Air infiltration made the inlet 

temperature higher than the cabinet temperature and 

disparities between them during business hours were 

higher than during closing hours. The main reason is 

that plastic sheets covers display cabinets while the 

store is closed, reducing air-leakage from cabinets.  
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Figure 5 Temperatures around a display cabinet 

(Representative day: 10th Jan 2010) 

REFRIGERATION SYSTEM MODEL 

According to ASHRAE Handbook (ASHRAE, 2006), 

approximately 90% of total heat load of refrigeration 

equipment is due to internal heat gain (QHG [kW]) 

and infiltration load (QI [kW]). For this reason, the 

total refrigeration load is assumed to be the sum of 

refrigeration equipment and infiltration load. After 

estimating heat load of the refrigerated display 

cabinet, coefficient of performance of the outside 

unit is calculated by using a regression model.  

Model 

(1) Estimation of thermal load 

Heat gain QHG [kW] is given by Equation (1) where 

Cap [kW] is the capacity of cabinet-related 

equipment including cabinet lighting, fan, defogger 

and defroster and UR is the usage rate [%]. 

 URCapQHG     (1) 

Infiltration load is caused by leakage of cooled air to 

the outside of refrigerated display cabinet. A constant 

volume of air is circulated in a cabinet. If air-leakage 

occurs, leaked volume of air surrounding cabinet is 

inhaled via the air inlet of cabinet. Thus, the 

infiltration load includes sensible and latent load.  

As mentioned earlier, temperature and absolute 

humidity were measured at the air inlet of 

refrigerated display cabinet, the inside of cabinet and 

the surrounding of the cabinet. These measured 

temperature and humidity are shown by T [ºC] and H 

[kg/kg(DA)] using the index, inlet, case and floor. 

We define the temperature difference between Tinlet 

and Tcase as well as Tfloor and Tcase as in Equation (2) 

and (3).  

caseinlet TTT  1    (2) 

casefloor TTT  2   (3) 

Then, air filtration ratio RI [-] in the volume of inlet 

air is calculated by Equation (4). 

2

1

T
T

RI



    (4) 
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The sensible infiltration load QIS [kW] is calculated 

by Equation (5) where V is volume of air flow of 

refrigerated display cabinet [kg/s]. 

VRITQIS  2
   (5) 

Then, the latent heat load QIL [kW] is given by 

Equation (6), where CV [kJ/kg
.
ºC] is the vapour water 

specific heat capacity and  [kJ/kg] is the latent heat 

of water evaporation. 

VRIHHTCQ casefloorVIL  )()( 2   (6) 

Thus, the infiltration load QI [kW] is given by 

Equation (7) 

ISILI QQQ     (7) 

 

(2) Estimation of COP 

Coefficient of performance ( COP ) is estimated using 

the measured power consumptions of chiller E [kW] 

and total refrigeration load that is calculated by 

Equation (8).  

EQQCOP IHG /)(    (8) 

In order to illustrate load characteristics of COP 

depending on the outside temperature and the load 

factor, the relationship between outside temperature 

and COP was plotted. Thus, the regression curve 

depending on the outside temperature is obtained. 

 

(3) Estimation of power consumption 

The COP obtained by the regression curve is used to 

estimate power consumption ( 'E ) by Equation (9). 

COPQQE IHG /)('    (9) 

The power consumption of other refrigeration 

equipment was calculated by the regression curves 

that give the power consumption in terms of the 

outside temperature. These regression curves were 

obtained by the measured power consumption with 

the relationship with outside air temperature. The 

power consumption of the refrigerators and freezers 

in the storage were calculated by the quadratic 

regression curves. On the other hand, the power 

consumption of the cabinet lighting and other 

equipment were calculated by the regression lines. 

 

(4) Condition of refrigerated display cabinets 

Table 3 lists the capacity of the refrigeration 

equipment, the air volume and the length of the 

cabinet used in the simulation model. The capacity of 

equipment for a refrigerated display cabinet 

including fan, defogger heater, lighting and defrost 

heater, was set on the basis of the specification of the 

refrigerated display cabinet. The length of the display 

cabinet was set in the same way. The air volume 

resulted from knowing the width of the outlet and the 

flow velocity of the air curtain. The widths of the 

refrigerated display cabinet and the frozen display 

cabinets were 90 mm and 150 mm respectively, and 

the velocity of the air curtain was 0.7 m/s (Furufuji, 

1986). The defogger heater was controlled by the 

humidity sensor. As the result, its heat gain decreased 

while the air is drier on the winter months of January, 

February and December.  

We divided operation time into four groups for the 

operation schedule of the refrigerated display cabinet. 

These are business hours, preparation hours, closing 

hours and defrost operation hours. This schedule was 

set for each display cabinet (Table 4). In this 

condition, the thermal load caused by internal heat 

gain and air leakage was calculated. 

Result 

(1) Thermal load of refrigerated display cabinet 

Figure 6 shows the sum of the thermal heat load that 

was calculated for a vertical multi-deck display 

cabinet used for vegetables. The thermal load caused 

by the air infiltration and lighting accounted for a 

large percentage of the total during the business 

hours. On the other hand, the thermal load caused by 

Table 3 Settings of thermal load inside refrigerated cabinets 

Summer

（Daytime

Summer

（Night）

Winter

（Daytime

Winter

（Night）
1 Vertical, multi-deck 14.7 7.4 7.4 7.4 7.4 10.6 42.3 0.0 37.8 13,725

2 Vertical, multi-deck 9.4 5.8 5.8 5.8 5.8 6.1 67.1 0.0 37.8 4,270

3 Vertical, multi-deck 8.5 4.9 4.9 4.9 4.9 10.6 52.8 0.0 37.8 11,895

4 Vertical, multi-deck 8.3 4.9 4.9 4.9 4.9 10.6 53.1 0.0 37.8 3,660

5 Vertical, multi-deck 11.0 7.7 7.7 7.7 7.7 0.0 99.9 0.0 37.8 1,830

6 Vertical, multi-deck 18.4 7.0 7.0 7.0 7.0 10.5 52.2 0.0 37.8 2,745

7 Vertical, multi-deck 13.8 7.5 7.5 7.5 7.5 10.6 53.1 0.0 37.8 3,660

8 Vertical, multi-deck 4.7 9.1 9.1 9.1 9.1 10.6 10.6 118.0 37.8 9,760

9 Vertical, multi-deck 13.3 7.5 7.5 7.5 7.5 10.6 53.1 0.0 37.8 15,860

10 Vertical, multi-deck 13.6 7.5 7.5 7.5 7.5 10.6 48.6 0.0 37.8 17,080

11 Vertical, multi-deck 14.4 9.8 9.8 9.8 9.8 8.4 62.6 0.0 37.8 21,046

12 Vertical, semi-deck 9.0 4.4 4.4 4.4 4.4 6.5 29.4 0.0 37.8 31,418

13 Open, island 8.4 23.8 19.1 4.8 3.8 0.0 0.0 275.4 37.8 5,490

14 vertical 21.7 137.6 110.1 27.5 22.0 8.4 41.8 483.0 63.0 7,320

15 Dual freezer 20.7 200.8 160.6 40.2 32.1 16.1 38.4 741.6 37.8 5,490

16 Vertical, glass door 26.6 306.5 245.2 61.3 49.0 0.0 53.1 292.1 37.8 6,100

17 Open, island 13.7 59.2 47.4 11.8 9.5 0.0 0.0 562.3 37.8 10,065

Type

Heat gain [kJ/10min]
Air flux

［㎡

/10min］

Cabinet

length

［mm］
Fan

Defogger heater
Canopy

lighting

Cabinet

lighting

Defrost

heater
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the air infiltration and fan accounted for a large 

percentage of the total during the closing hours. The 

thermal load was temporarily low in the moment the 

fan stopped to allow defrost operation as we can see 

at 0:00, 4:30 and 9:00. As for the daily thermal load, 

the air infiltration generated most of the load that 

accounted for 45% of the total. 
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Figure 6 Estimated heat load 

(Representative day: 10
th

 Jan 2010) 

 

(2) Regression model of coefficient of performance 

There are five chillers and two types of control 

systems in store A. Two of five chillers have an 

inverter control. The others have a constant control. 

We developed the regression curves that give the 

COP of refrigerators using each type of control.  

Figure 7 shows COP proportion versus load factor on 

an inverter chiller. The COP was then estimated by 

multiplying the rated COP by COP proportion that is 

obtained from the regression curves. Thus a higher 

COP proportion results on a higher COP. This 

regression curves were obtained separately by 

temperature zone. As for the inverter chiller, COP 

decreases when temperature or load factor increases.   

(3) Estimation of power consumption 

Figure 8 shows the power consumption versus the 

outside temperature by the refrigerator in the storage.  

The higher ambient outside temperature got, more 

energy was consumed by the refrigerator. The 

coefficient of determination was 0.90. 
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Figure 8 Regression curve of power consumption and 

scatterplot of power consumption versus ambient 

temperature. 

ENERGY DEMAND MODEL 

We developed the simulation model that estimates 

the energy demand of Store A in 1-hour time 

resolution. Figure 9 shows the flow chart of the 

method for computing the energy consumption. This 

model consists of two sub-models. One is the 

refrigerated system model that calculates the energy 

consumption of the refrigeration equipment and the 

Table4 Settings of hourly refrigerated display cabinet operation 

 (Yellow; Closing hours, Blue; Defrost operation, Red; Business hours, Orange; Preparation hours) 

1 Vertical, multi-deck Vegetables

2 Vertical, multi-deck Fruit

3 Vertical, multi-deck Bean curd

4 Vertical, multi-deck Packaged food

5 Vertical, multi-deck Noodle

6 Vertical, multi-deck Stock fish

7 Vertical, multi-deck Stock fish

8 Vertical, multi-deck Raw fish

9 Vertical, multi-deck Meat

10 Vertical, multi-deck Milk

11 Vertical, multi-deck Liquir

12 Vertical, semi-deck Prepared dish

13 Open, island Chilled grocery

14 Vertical, multi-deck Frozen fish

15 Dual freezer Icecream

16 Vertical, glass door Frozen food

17 Open, island Frozen food

Type Use
Hourly operaion　[10min]

0:00 1:00 2:00 3:00 4:00 16:005:00 6:00 7:00 8:00 9:00 10:00 11:00 12:00 13:00 14:00 15:00 23:0017:00 18:00 19:00 20:00 21:00 22:00
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thermal load caused by the air leakage from the 

display cabinet. The other is the heat source 

equipment model (Yamaguchi et al., 2007) that 

computes the building energy flow based on the 

thermal demand for cooling and heating and power 

demand in a building. The results of the simulation 

were divided into four kinds of use: refrigeration 

equipment, HVAC and lighting and other equipment.  

START

Climate condition & 

building descriptions

Space heat load 

calculation

Space electrical load 

calculation

Building energy demand profile

Heat source equipment model

Data Output

A building energy flow

END

Data Input

Refrigerated system 

model

 

Figure 9 Flow chart of energy demand model 

 

Description of the building data 

The total floor area of Store A is 2,667 m
2
 while the 

sales floor is 1,568 m
2
. The store was two stories and 

its first floor was a parking lot. It’s business hours 

were 9:30 to 21:00, while the occupied hours were 

6:00 to 21:30. 

The total floor of Store A was divided into four 

spaces for sales, office, entrance and storage as 

shown in Figure 2. Thermal transmission through an 

interior wall was not taken into account because the 

neighbor space was assumed to be air-conditioned.  

The fabric of wall, floor and window was given by 

those of Store A. Table 5 shows wall materials from 

each part of the building. Air conditioning settings: 

used hours, temperature and humidity value, in the 

sales floor were based on the result of the 

measurement considering 3 different seasons: 

summer, winter  and moderate season.  The settings 

in other spaces (office, preparation room and storage) 

were set by reference as the sales floor’s settings. 

Infiltration rate via outside wall, entrance and 

window was assumed as 1 m
3
/(m

2
∙h). Assuming that 

an electrical usage corresponds to internal heat gain 

produced, maximum heat load and hourly factor of 

lighting,  occupant and other equipment is shown in 

Table 7. The settings of lighting and equipment was 

based on the result of the measuremnt, while those of 

occupant were determined based on a handbook on 

the facility of retail stores (SHASE, 2009).  

Refrigeration equipment 

Figure 10 shows settings of sensible and latent heat 

load by an air leakage from refrigerated display 

cabinets. The sensible heat was higher than the latent 

one and the both of them have a periodic reduction 

by a defrost operation. Moreover, they were low 

during closing hours, because cabinets were covered 

with plastic sheets. 

Table 5 Description of fabric 

Part Building material  Thickness[mm]

Concrete 150

Mortar 50

Tile 3

Gypsum board 10

Glass wool (24kg) 100

Hollow 1320

Concrete 130

Tile 3

Asphalt membrane

waterproofing concrete
80

Concrete 175

Hollow 1320

Gypsum board 10

Tile 5

Lightweight concrete 125

Gypsum board 13

Gypsum board 13

Hollow 75

Gypsum board 13

Window Glass 10

Flooring under

ground floor

Flooring under 1st

floor

Ceiling atop

ground floor

Exterior wall

Interior wall

 

Table 6 Settings of HVAC 

Winter Summer Moderate

Start 9:00 9:00 9:00

Finish 21:00 21:00 21:00

Upper 18 25 25

lower 15 20 15

Upper 50 60 60

lower 20 30 20

Start 3 Dec. 1 Jun. 22 Feb.

Finish 21 Feb. 31 Oct. 31 May.

Season
Air conditioning

time
Room

temperature[℃]
Relative

humidity[%]
Operation

period  
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Figure 10 Settings of heat load comes from an air 

leakage 

RESULT OF SIMULATION 

Figure11 shows a comparison of a result of the 

measured and estimated power consumption. The 

estimated consumption is divided into the four end-

use categories. The maximum consumption of the 

measured consumption, 6 MWh/month, occurred on 

August. It is lower than measured, while the 

estimated consumption was higher in moderate 

season and was approximately the same as the 

measured consumption in winter. The annual 

estimate was 2% higher than the actual. 
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As shown in the figure, the simulation result shows a 

good agreement with measured consumption. 

Moreover, the estimated values have been segregated 

by different end-uses to have a better understanding 

of the consumption. As for lighting and equipment, 

results of the measured hours of use and capacity 

were stable throughout a year. Its estimates were 

compared to the measurements in a representative 

term from 4
th

 to 8
th
 of Oct 2009. On the other hand, 

refrigeration equipment and HVAC had the seasonal 

variation, therefore, monthly average of the estimate 

and the measurements in winter (February) and 

summer (August) were compared. 
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Figure 11 Comparison of the hourly estimate power 

consumption and the measure 

Lighting and equipment 

Figure 12 shows the estimate and the measure of 

lighting and equipment in every space. The estimate 

was within 6 kWh/hour of the measure. In fact, the 

power consumption peaked at 5:00 when the  

preparation for opening the store begins mainly in the 

kitchen space. The estimate is good in this point.  

HVAC and refrigeration equipment 

Figure 13 shows a comparison of the estimate and the 

measure of HVAC. The estimate inclined to be 

higher than the measure over a year. At a maximum, 

the estimate was 25 kWh/hour higher than the 

estimate in the summer morning, while the estimate 

was 21 kWh/hour higher in winter. A potential 

reason of the error is that we assumed a uniform 

distribution of air temperature in the store in the 

model. There could be a significant vertical 

temperature distribution formed since the height of 

the floor is large and there is cooled air-leakage from 

the cabinets at the bottom of the space.   
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Figure 12 Comparison of the estimate and the 

measurements of lighting 
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Figure 13 Comparison of the estimate and the actual 

in HVAC (Left: winter, Right: summer) 

 

Figure 14 shows a comparison of the estimated and 

measured consumption of refrigeration equipment. 

The estimated result was almost the same as the 

measured consumption over a year. However, the 

estimate was 26 kWh/hour higher than the measured 

consumption during closing hours in summer. 

The total consumption estimated well agreed with the 

measured consumption. In fact, there was no margin 

of error between the estimated and measured 

consumptions. Its considered that the reason was that 

power consumption of refrigeration equipment, that 

accounted for a high percentage of the total power 

consumption, was calculated in a very accurate way. 

In order to improve the accuracy, we have to 

0:00 1:00 2:00 3:00 4:00 5:00 6:00 7:00 8:00 9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00 19:00 20:00 21:00 22:00 23:00

Lighting 33.5W/m
2 50 100 100 100 100 100 100 100 100 100 100 100 100

Occupant 0.2 peson/m
2 8 10 10 75 75 75 75 75 75 40 40 20 10

Lighting 22.3W/m
2 100 100 100 100 100 100 100 100 100 100 100 100 100 100

Occupant 0.1 person/㎡ 8 10 10 75 75 75 75 75 75 40 40 20 10

Equipment 2.0W/m
2 24 24 24 24 24 24 24 35 37 41 67 100 95 93 93 93 93 95 99 99 95 35 24 24

Lighting 8.7W/m
2 50 100 100 100 100 100 100 100 100 100 100 100

Occupant 0.1 person/㎡ 100 100 100 100 100 100 100 100 100 100 100 50

Equipment 2.6W/m
2 100 100 100 100 100 100 100 100 100 100 100 50

Lighting 6.1W/m
2 50 100 100 100 100 100 100 100 100 100 100 100

Occupant 0.1 person/㎡ 100 100 100 100 50 100 100 100 100 100 70 50 10

Equipment 9.2W/m
2 4 4 4 4 4 4 4 6 26 57 88 94 94 94 98 93 96 76 72 29 4 4 4 4

Lighting 16.3W/m
2 50 100 100 100 100 100 100 100 100 100 100 100 100 100 100

Occupant 0.2 person/㎡ 50 100 100 100 100 100 100 30 100 100 100 100 100 70 50 10

Equipment 64.2W/m
2 20 20 21 20 18 22 56 64 90 100 97 97 91 90 90 88 78 64 53 42 26 24 20 20

Outside Lighting 10.0W 5 53 100 100 100 47

Preparation

Floor use
Type of

heat load
Max heat gain

Load factor[％]

Entrance

Sales

Office

Storage

Table7 Settings of internal thermal load 
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reconsider an effect of an air leakage on HVAC. 

Moreover, there is a possibility of an air circulation 

phenomenon enabled by the height of the building. 
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Figure14 Comparison of the estimate and the actual 

in refrigeration equipment (Left: in winter season, 

Right: in summer season) 

APPLICATION 

To test the applicability of the energy demand model, 

the model was applied to another retail store, a 

general merchandise store (GMS) located in Hyogo. 

The generation information of the store is given in 

Table 7. As regards the refrigerated display cabinets 

the settings for HVAC, lighting and other equipment 

were the same as Store A’s. However, the purpose of 

use and the physical dimensions of the equipment 

were different so these parameters were adjusted in 

the model.  

Figure 15 shows a comparison of a result of the 

estimated consumption and actual consumption from 

Oct 2009 to Sep 2010. It was assumed that the air-

conditioner was hardly used from January to April 

and that the energy consumption of HVAC was none. 

As for the monthly estimate, values relied within 

10% of the measure in summer and winter, while the 

estimate in moderate season was higher than the 

actual consumption. As for the annual estimate, the 

estimate of lighting and equipment was a little 

different from the actual consumption. In addition, 

the estimated consumption of refrigeration equipment 

was within 10% of the actual consumption. In 

consequence, the refrigerated system model was 

validated and we found that the energy demand 

model can be applied to another retail store. 

CONCLUSION 

In this study, we developed a simulation model that 

can estimate hourly energy consumption of retail 

store including refrigeration equipment, HVAC, 

lighting and the other equipment based on 

measurement of actual energy consumption of a 

grocery store. In this model, hourly thermal load for 

HVAC systems that comes from an air leakage was 

considered. Results show that the energy 

consumption of refrigeration equipment accounted 

for approximately 60% of the total and an air leakage 

have a considerable effect on cooling and heating 

demand. We also applied the model for a second 

retail store confirming that this simulation model can 

be applied to other retail stores too. 

 

Table7 Description of a GMS 

Total floor area 12,240㎡

Sales area 7,877㎡

Compositon of floor

1F: Food

2F: Clothing

3F: Livingware

Business hours 9：30～21：00

Air-conditioning system
Gas absorption refrigerated

central air conditioner

Chiller capacity 195.65kW  
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Figure15 Comparison of the estimate and the actual 
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