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When looking at the final Portuguese energy consumption profile by sector it appears to show a decrease in 

contrast to the growth in the number of supermarkets, therefore it is vital to adopt energy efficiency measures. The 

energy consumption profile of the supermarkets Dia Portugal was analysed to identify potential improvements through 

the implementation of energy efficiency measures in refrigeration, air conditioning and reactive energy with an 

elaboration of a data base and energy management system parameterization. Using the results generated by the data 

base and also through the validation with an energy management system, it was possible to identify unexpected 

behaviours in the disaggregated consumptions. These were audited for each area and improvements proposed, such as 

the replacement of conventional fans by efficient models, installation of doors in positive refrigeration cabinets and 

replacement of refrigeration systems, with a potential saving of 9%, 14% and 15% respectively. Regarding to air 

conditioning, the operation parameters were set for the ideal summer values, reducing energy consumption by 5% on 

74 stores. Through reactive power compensation, achieved with maintenance and capacitor banks replacement, the 

impact of CO2 emission was decreased by 135 tons per year. All these improvements make more sense with a rational 

use of energy by staff in the stores, and it was proven that sometimes this was not the most appropriate. In order to 

improve this behaviour and raise awareness, an energy use document was elaborated.  
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I. Introduction 

Energy efficiency is seen today as one of the 

most important tools for compliance with 

environmental regulations with which Portugal is 

committed to reduce CO2 emissions and also 

because of the significant impact it can have in 

reducing development cost structure of all 

economic areas. Framing the issue in commerce 

and food retail sector, in particular in the 

supermarket chain Dia Group in Portugal, was the 

main objective, structuring all the work from a 

development perspective and studying potential 

energy efficiency measures with implementation 

deadlines in the short and medium term. 

This is a sector in which energy efficiency can 

play a key role in reducing the energy consumption 

on final energy. The fraction of final energy 

consumption of the sector on the total final energy 

consumption is close to 40% in Europe, according 

to Eurostat data, reaching approximately the same 

value around the world. It has a further expression 

in commerce and retail with results showing that a 

cut in energy bills of 20% can mean an increase on 

sales of 5% [1], without depending on the external 

factor: client, and also contributing to the mitigation 

of CO2 emissions. 

Given the limited information of the energy 

management system, installed only in 6% of 

stores, it was necessary to develop an algorithm 

based on the monthly electricity bill of all the 

stores, allowing later to build a valuation model to 

identify potential critical stores in the refrigeration 

energy consumption. It was also necessary to 

parameterize the energy management system to 

identify potential improvements and evaluation of 

energy consumption profile disaggregated by 

sector. 

To evaluate and identify areas with higher 

potential of energy efficiency investment it was 

decided that it would be necessary to control the 

energy intensity indicator based on energy 

consumption to analyse the influence in every area 

of a supermarket, leading to later work on the 

areas of Refrigeration and HVAC. 

After the implementation of the algorithm to 

analyse the electricity billing it was possible to 

identify locations where the reactive power 

consumption was exceeded beyond acceptable 

limits, making it necessary to audit the status of 

power banks, concluding that this was also an 

important area to explore given the strong 

contribution to reducing costs and to decrease the 

environmental footprint. 

More important than all the studies and audits it 

was clear that without one strong characterization 

of the supermarket chain energy profile, all these 

objectives would not be possible. 



 

II. METHODOLOGY AND DATA 

i.  Store Format 

The case study has three store formats, A, B 

and C. The first difference is that the format A 

works with non-food products and develops an 

energy consumption profile supported by a lighting 

and air conditioning system. It is a kind of 

supermarket whose energy intensity is reduced 

when compared with the other stores and also 

because they have relatively modern equipment 

this format was excluded from the analysis. 

Regarding the format A and B, the 

differentiating factor is the sales area, which 

defines the type of sections as well as sets the 

amount of refrigerated cabinets and frozen 

equipment. 

ii.  Energy consumption profile analysis 

Between 2010 and 2015 there was a significant 

reduction in energy intensity and obviously the 

total annual consumption mainly due to the 

implementation of various energy efficiency 

measures with a reduction on energy intensity of 

16.6%. 

Despite the sharp reduction, work was done in 

order to identify potential improvements. In order to 

identify critical stores the dispersion of annual 

energy intensity was initially analysed in function of 

sales area for a sample of 400 stores, Figure 1. 

 
Figure 1 Annual Energy Intensity - 400 Stores 

This dispersion allows the identification of 

stores with a significantly higher energy intensity 

compared to supermarkets with similar areas, 

reinforcing the need to understand the reasons for 

the discrepancies. To identify the priority sections, 

the load diagram of a typical summer day was 

analysed, which is shown in Figure 2, while also 

comparing the evolution through a percentage 

distribution between summer and winter, seen in 

Figure 3 and Figure 4 respectively. 

 
Figure 2 Load Diagram - summer typical day 

 

Figure 3 Section contribution - summer typical day 

 

Figure 4 Section contribution - winter typical day 

Overall there is a variation of 12.8% in the total 

consumption of a store being HVAC and 

refrigeration systems the areas with the biggest 

contribution, approximately 60% of total 

consumption, either in winter or in summer. The 

frozen cabinets do not present such a significant 

variation thanks to the fact that the energy 

dissipation in this type of equipment is lower 

thanks to the glass doors. 

Given the intensity and impact that these two 

areas have in the energy consumption profile it 

was defined as an objective to analyse the factors 

that could contribute to the larger share HVAC and 

refrigeration have in the energy consumption. 

iii.  Energy Consumption Analysis Model 

To understand exactly which stores were critical 

it was necessary to implement a model for monthly 

monitoring of energy consumption, developing an 

algorithm that allowed the analysis of the 

oscillations of monthly electricity consumption 

taking as input the monthly billing of all stores. 

Previously the information was quite limited, but 

through this algorithm it is possible to analyze the 

energy load of each store, as well as to follow up 

the impact of energy efficiency. In addition to this 

advantage, the definition of the real impact on the 

cost structure of the company is more reliable as 
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well as the possibility of evaluation of the energy 

intensity indicator based on the consumption of 

each store profile, either for consumption in “Super 

– Vazio” which is associated mostly to the 

consumption of refrigeration systems and frozen 

cabinets as well or for general consumption. 

iv.  Refrigeration systems analysis 

Through the created algorithm it is possible to 

analyze the evolution of the annual energy 

consumption profile and thus detect unexpected 

maximum consumptions for a month. These 

maximums were used to compare results between 

similar sized stores and based on this variable two 

store identification criteria were defined: 

Criteria 1 - Average Deviation - for shops with 

consumption above average, calculated using the 

maximum obtained by history - it is intended to use 

the worst-case scenarios as reference 

Criteria 2 - Average deviation + SD - for 

stores with consumption above the average + 

standard deviation allowing to have a greater 

range of security and identifying potentially critical 

stores, thus minimizing substantial differences in 

stores identical dimensions. 

Using the electricity consumption in “Super-

Vazio” (2am – 6am), mostly influenced by the 

consumption of refrigeration equipment, the third 

criterion was defined: 

• Criteria 3 - DP SV - like the criterion two, the 

standard deviation was used of consumption but in 

this case in “Super-Vazio” to identify potentially 

critical stores.  

The purpose of definition of these three criteria 

was to analyze by store format and segment of 

areas in order to finally obtain a scatter graph and 

identifying shops that deviate from the expected 

consumption for its size, Figure 5 and Figure 6.  

 

Figure 5 Monthly maximum energy in 2015 - Format B 

 

 

Figure 6 Monthly maximum energy in 2015 - Format C 

After identifying the stores that had a behavior 

bellow the expectations an audit was performed in 

order to validate the method and, depending on 

the results, propose energy efficiency measures or 

actions to take. 

Through the dispersions it was possible to 

identify critical points with potential electricity 

consumption higher than expected, however it was 

necessary to make a new study to see if the 

energy consumption was appropriate or not. In 

order to do so, the mesh was refined to smaller 

segments to identify discrepancies between 

consumption of similar sized stores. 

Based on defined criteria an audit was done on 

the stores identified as critical, in order to 

understand if the refrigeration systems suited. In 

case they weren’t and analysis of possible energy 

efficiency measures was done, consisting on 

optimizing the plants in question, or installing new 

models. 

v. Potential Energy Efficiency Measures 

Analysis 

1. Fans of refrigerated cabinets 

Based on the results of the energy consumption 

reduction in a test store, motivated by the 

substitution of fans in all refrigerated cabinets, an 

extrapolation to all the stores was done in order to 

understand the possible impact of this project, ie 

assuming that the energy consumption will be 

mostly affected by the engine power. 

2. Doors in refrigerate cabinets 

Regarding the significant impact caused by the 

implementation of doors in meat cabinets in 2013 

in all stores of the case study, an analysis of the 

potential to extend the project to all cabinets in 328 

stores was done (for which the information is 

consistent within one year), based on the analysis 

scenarios in the table below. 
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Table 1 Estimation scenarios of door impact in 
supermarket cabinets.  

Scenario & 

Location 

Type of 

projection 
Potential Saving 

1 Portugal 
Meat Cabinet – 

minimum impact 

1,19 kWh /hour per 

linear meter 

2 Portugal 

Meat Cabinet – 

maximum 

impact 

1,29 kWh/ hour per 

linear meter 

3 New 

Zealand 
Real savings 

42% Reduction of 

refrigeration systems 

4 New 

Zealand 

Saving 

estimation 

30% Reduction of 

refrigeration systems 

5 Sweden Real savings 
26% Reduction of 

refrigeration systems 

6 Western 

United States 
Real savings 

23% Reduction of 

refrigeration systems 

1. Scenario 1 and 2 - Based on the savings 

achieved with the implementation of doors in meat 

cabinets in Dia Group supermarkets (Portugal), the 

energy consumption reduction of reference is in 

the range of values 1.19 to 1.29 kWh / h; 

2. Scenario 3 and 4 - Extrapolation of the 

results in [2] for two scenarios, 42% real reduction 

in refrigeration energy consumption and initial 

saving estimation of 30% was achieved; 

3. Scenario 5 and 6 - Based on the results 

obtained in [3], which for the case of Sweden 

achieved a 26% saving and [4], which achieved a 

23% saving. 

vi. HVAC analysis 

To identify stores that eventually had problems 

with the operation of HVAC equipment, through the 

monitoring system, the disaggregated energy 

consumption profile was analyzed in 16 stores and 

it was detected some discrepancies of energy 

intensity indicator as shown in the Table 2. 

Table 2 Energy Intensity - HVAC 

Store & 

Format 

Useful 

area m
2
 

Monthly 

amount kWh 

Energy Intensity 

kWh /m
2
 

1 B 247 657,30 2,66 

2 B 308 1.414,80 4,59 

3 B 430 4.469,70 10,39 

4 B 456 4.489,00 9,84 

5 B 532 4.673,20 8,78 

6 C 727 2.945,49 4,05 

7 C 763 5.771,25 7,56 

8 C 769 2.981,71 3,88 

9 C 800 2.985,71 3,73 

10 C 862 5.301,80 6,15 

11 C 878 4.143,50 4,72 

12 C 914 3.316,70 3,63 

13 C 959 3.913,29 4,08 

14 C 975 7.359,70 7,55 

15 C 982 3.101,28 3,16 

16 C 1008 3.726,21 3,70 

The variation of 1 ℃ can mean a reduction of 

between 3% and 7% of the air conditioning 

consumption [5], being the optimal operating 

conditions of such devices described below: 

1. Summer: Operating temperature 25 ℃ 

cold mode; 

2. Winter: Operating temperature 20 ℃ warm 

mode.  

Based on the above, an action plan was 

developed in which the objective was to verify if the 

equipment in all the stores was operating under 

conditions suited to summer standards, otherwise 

it was a correction of the parameterization of the 

equipment was planned. 

vii.  Reactive Power Analysis 

Through the implemented algorithm it was 

possible to analyze the average monthly cost of 

the reactive power. Using the 2015 data, the total 

monthly average cost was approximately 12,700 €, 

which could be partly avoided. To reduce this 

expense it was defined that all the stores with 

monthly cost higher than 25 € due to reactive 

power would need an audit to the power bank, 

having 103 stores been detected as a priority.  

It was decided that priority would be given to 

audit the power banks of the stores in question in 

order to detect any problems in operation and, if 

required, repair or replace the equipment. 

 

III. RESULTS 

i. Energy management system 

1. Results of warning parametrization 

In the analyzed period between June and 

September 2015 multiple cases were identified in 

the three monitored areas, for which the reason 

was the overnight functioning of the HVAC 

systems and interior lighting. Regarding bakery 

ovens, some were functioning throughout all the 

night. 

Table 3 Monitoring System Warnings 

HVAC Store Lighting Bakery 

86 Warnings 70 Warnings 2 Warnings 

Proposal for improvement 

To assure the non-recurrence of such 

occurrences, a document of energy best practices 

was created in order to raise awareness among 

users primarily with issues that motivate 

occurrences that were verified by the monitoring 

system.  



 

To prepare this document all the monitored 

sections have been studied by the consumption 

management system as well as the impact that 

each occurrence had in the energy consumption 

profile of each store, with particular focus to these 

values. 

ii.  Refrigeration Systems analysis 

1. Energy Audit 

The results were against the expectations and 

several relevant points of analysis and possible 

implementation of energy efficiency measures 

were identified. In addition to the stores that were 

initially selected, as a matter of proximity, 4 stores 

free from any kind of criteria were analyzed, with 

the audits revealing that all was working well with 

these stores, validating the implemented model. In 

total 19 stores were analysed in this first audit, and 

for each store all the identified criteria are 

presented on Table 4. 

Table 4 Audited Stores - Criteria identification 

Store 

1 

Average 

Deviation 

2 

Average deviation 

+ 

standard deviation 

3 

Standard 

deviation 

Super Vazio 

1 X X  

2 X   

3 X X X 

4 X X X 

5 X X  

6 X X X 

7 X X X 

8   X 

9 X   

10 X X X 

11    

12    

13 X  X 

14   X 

15    

16    

17 X X X 

18 X   

19 X   

Store Reports: 3, 4 e 5 

Store 3 met all the criteria and is therefore 

considered critical. The audit revealed that it was a 

facility in dangerous state with large potential of 

mechanical failure. It is strongly recommended its 

immediate substitution. In Figure 7 the state of the 

equipment is shown. 

Regarding store 4, it also met the 3 criteria 

considered, being as well a critical store. Through 

the audit it was found that it was at risk of collapse 

at any time due to overload of the compressors, 

and so its replacement is advised as soon as 

possible. 

Finally, store 5 met the criteria 1 and 2, so it is 

advisable to understand why the consumption is 

above the standard. The audit showed that also 

this installation has a serious problem in the 

condenser system, with risk of collapse, in addition 

to not having electronic control, and so his 

replacement is also advised. 

  

Figure 7 Store 3 –Left Corner, Store 5 – Right Corner 

 

 

   

Figure 8 Store 4  

The audit has validated the criteria for 

identifying stores that had potential problems with 

the refrigeration systems, thus confirming the 

validity of the model. 

The defined criteria had identified correctly the 

stores with potential problems in refrigeration 

systems, which allowed to conclude that the 

deviations on energy profile were not caused by 

other type of equipment. 

The existence of the three criteria 

simultaneously clarified that it could be caused by 

any issue on the refrigeration system which 

perfectly justified high consumption. The 

reconciliation of the 1st and 2nd criteria also 

ensures enough reliability to identify stores that 

need some kind of intervention. 

Proposal for improvement 

For the case of the format B store, shown in 

Figure 9 the curves obtained for two similar size 

and characteristic stores are overlapped, however 

one with a modern central, identical to that 

proposed for the stores 3, 4 and 5, and one with an 

old model similar to the one that is installed in store 

5. 



 

 

Figure 9 Old refrigeration system (green) vs new (red) – 
real data – Store Format B 

Analyzing the disaggregated consumption for 

the two cases, the energy reduction associated to 

the substitution by an identical model to the one 

proposed is around 23%. This reduction would be 

in equal proportion to the stores 3, 4 and 5, with 

similar refrigeration power necessity. 

Regarding the format C store, the same type of 

exercise was done. The overlapping of the curves 

was obtained through the energy management 

system of two identical stores with one modern 

model, store 16, and another one with a model that 

is supposed to substitute store 17, Figure 10.  

 

Figure 10 Old refrigeration system (green) vs new (blue) – 
real data – Store Format C 

In the figure above the load diagrams of store 

16 and 17 is shown, respectively by the blue and 

green curve. Store 16 didn’t provide any criteria 

and it was used to validate the store identification 

model, proving the audit that the equipment was 

working within the normal range, which was 

expected, as the equipment was installed in 2014. 

In this case, instead of opting to purchase the 

proposed components of the audit to the store 17, 

which potentially increased the performance of the 

machine and therefore its lifetime, the proposal is 

the full replacement of the equipment by one 

similar to that of store 16. The analysis of the chart 

above shows that a potential investment in this 

equipment could cause an energy saving of 30%, 

reflected in a reduction in the total consumption of 

the store of 11.5% according to whas was 

predicted by the implemented model. 

Extension of the refrigeration system analysis 

model to all critical stores 

Based on the previous discussed results the 

model was applied to all the critical stores for 

which the three criteria were activated. Based on 

this premise 32 stores were identified with potential 

problems for which an audit is recommend as soon 

as possible. 

Assuming that the result obtained regarding the 

reduction in the refrigeration system consumption 

is equal to the standard deviation, the possible 

reduction of the energy consumption is shown in 

Table 5. 

Table 5 Financial and Energy saving estimation in critical 
stores 

Stores 32 

Annual Consumption GWh 8,6 

Annual Savings GWh 1,2 

Financial impact k€ 163,9 

Environmental impact 435,37 

% Savings 14% 

These results fit with those obtained for the 

curves presented above, revealing the existence of 

a consistent pattern between the critical stores, 

which supports the validity of the model identifying 

potential problems in refrigeration systems. 

2. Results of the change in the fan system 

of the test store 

A store was chosen to prove the validation of 

the substitution of all the fans in refrigerated 

cabinets. Thus, 35 fans were installed on 15 

meters cabinets with direct result on the daily 

energy consumption profile, as shown in Erro! A 

origem da referência não foi encontrada. 

 

Figure 11 Results of fan change (Red – After 
implementation | Blue – Before implementation) 

The installation and analysis was made in a 

period without big seasonal effects in temperature, 

during January and February, in which the average 

temperatures were 15.8 and 15.0 ° C respectively. 

On average, the daily reduction of energy 

consumption was in the range of 9% or 38 kWh per 
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day, which extrapolating to one year may reflect a 

saving of 13.8 MWh assuming that the facility 

maintains a stable evolution of energy 

consumption, meaning a reduction of CO2 

emissions close to 4.7 Ton. 

To estimate the possible savings by extending 

the measure to all the store it was considered the 

energy consumption of a year and it was taken into 

account the average daily reduction of the pilot 

store: 38 kWh for 35 fans. The process of 

calculation was done assuming linearity saving in 

the number of fans and reducing energy 

consumption. 

Table 6 Estimation of total impact applying fans in all 
stores 

Store Format B C Total 

Nº Stores 236 102 338 

Total Fans 8657 6442 15099 

Total Cabinets Length 

(m) 
3675 2741 6416 

12 months energy 

consumption (GWh) 
43,8 30,9 74,7 

Potential Saving 

(GWh) 
3,4 2,5 5,9 

Potencial Saving % 7,8% 8,3% 8,0% 

Based on these criteria the annual average 

energy saving for B and C format would be 7.8% 

and 8.3% respectively, or globally 8%, which 

translates into a potential reduction in CO2 

emissions of approximately 2,1 MTons/year. In 

order to achieve this saving it would be necessary 

to invest approx. 436 k€, with a paybak of 0.61 

years. 

3. Cabinets door project extension to all 

stores 

The application of the criteria presented on 

Regarding the significant impact caused by the 

implementation of doors in meat cabinets in 2013 

in all stores of the case study, an analysis of the 

potential to extend the project to all cabinets in 328 

stores was done (for which the information is 

consistent within one year), based on the analysis 

scenarios in the table below. 

Table 1 allowed for the calculation of what 

savings can be attained with implementation of 

doors in all the cabinets of Dia Group Portugal, 

projecting an energy consumption reduction shown 

in Figure 12. 

 
Figure 12 Potential impact of door implementation- 6 

savings scenarios 

The results of the presented scenarios show 

some consistency values (excluding scenario 3), 

meaning a potential average reduction of total 

energy consumption of each store in the order of 

11.8%. The range of savings is between the best 

case scenario 2, with a reduction of 13.8% and the 

worst, case 6, with a potential reduction of 9.5%. If 

scenario 3 is considered, a real case, the savings 

could reach approximately 17.3% translating into a 

range of savings of between 9.5 and 17.3%. 

Considering these values, the implementation 

of this measure would enable the reduction of 

annual energy consumption between 6.92 GWh 

and 12.4 GWh which is 13% of the total 

consumption of the Dia Group in its Portuguese 

store network, ie, a reduction in CO2 emissions of 

between 2.4 and 4.3 Mton. This frames the 

analyzed project in a great potential for the 

fulfilment of the objectives of the European Union 

for 2020. 

After a brief market test, the average price is 

around € 550 per installed door which results in an 

investment of 3,064 M €. The payback depends on 

the savings, but taking into account the best and 

worst case scenarios, it would be between 2.59 

and 4.73 years, respectively. 

4. Refrigeration systems analysis 

Studies on refrigeration systems prove that 

there is still great potential in this area for 

investment in energy efficiency and that there is a 

wide range of measures that can be implemented 

associated with different types of investment 

return, that is, both the short and medium term. 

In addition to the return that is associated with 

this type of investment, the audits have proven and 

reinforce the need for intervention in critical cases, 

as identified several weaknesses in key 

components for the operation of the refrigeration 

systems, especially affecting the machine's 

lifetime. The maintenance history also reveals 

some cases of failure resulting in loss of goods. 

Taking into account the number of stores that 

were audited, a greater level of savings and 
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reduction of CO2  emissions would be possible, in 

many cases through a substitution of all 

equipment, ie frozen and refrigerated cabinets and 

refrigeration systems, but a much higher level of 

investment would be required. 

iii.  HVAC analysis 

1. Store scenario and savings after audit 

The audit to HVAC  systems has proven to be 

positive since several devices with working 

parameters that were not appropriate to the 

weather conditions in which the stores were 

inserted (in this context in the summer case) were 

found. For these cases the maintenance team was 

responsible for making the necessary changes in 

order to regulate the operation of all equipment. 

For the stores where the parameters were 

changed, the energy saving was calculated, with 

the ranges of values found in all stores regarding 

to temperatures, cost and energy savings, ie for 

the period in which summer condition remained, 

shown below for each store format. 

Table 7 Results of HVAC audit and parameterization 

Format B C 

Stores 44 30 

Average Temperature ℃ Before 

Parameterization 
21,91 22,80 

Minimum Temperature ℃ Before 

Parameterization 
16,00 16,00 

Maximum Temperature ℃ Before 

Parameterization 
25,00 25,00 

Average savings after 

parameterization kWh 
-30,53 -37,86 

Savings per store % -5% -4% 

Daily saving per store € -4,12 -5,11 

Average daily reduction of CO2 

emissions kg/CO2 
10,95 13,58 

On average, for the 74 stores presented above 

the implementation of this measure produced an 

average daily saving by store of 33.51 kWh, which 

translates into a financial impact of 4.52 € and 

environmental impact 12.01 kg CO2. 

The change in HVAC operating parameters on 

these 74 stores reduced the total energy 

consumption by 5% and this number is even more 

attractive taking into account that it did not had any 

implementation cost. 

2. Results Validation 

To validate and quantify accurately if the 

measure in fact had a positive effect on reducing 

the energy consumption of HVAC systems, 

through the energy management system, the 

disaggregated energy profile was analyzed 

yielding a sample of load curves of the stores 49 

and 52, shown respectively in Figure 13 and Figure 14. 

 

Figure 13 Load diagram HVAC – Store 49 

 

Figure 14 Load Diagram HVAC - Store 52 

Changing the temperature and operating mode 

of the equipment has proven to be effective for the 

presented cases, with a reduction in the daily 

average disaggregated consumption of the HVAC, 

according to Table 8. 

Table 8 Parameterization impact in HVAC systems - results 
based on daily load diagram 

Store 49 52 

Average Consumption before kWh 165,93 145,34 

Average Consumption after kWh 94,70 65,48 

∆% 43% 55% 

∆𝑻(℃) 3 3 

%
℃⁄  14% 18% 

The results of this analysis were higher than 

expected, yielding an average variation of 22% for 

every degree that varied, higher than the initial 

estimation, 7%. 

iv.  Reactive Power Analysis 

In Table 9 the costs and problems encountered 

for all identified stores are presented. 

Table 9 Diagnosis and Cost Evaluation - 1ª phase 

Diagnosis Stores 
Total 

Cost 

Cost per store 

1
st
 phase 

Damaged 2 85,85 42,93 

Regulation 15 1.699,67 113,31 

Without 

Power Bank 
22 1.529,09 69,50 

Not enough 

power 
26 1.357,45 52,21 

Component 

Substitution 
38 8.009,58 210,78 

Total 111 12.681,64 114,25 
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The diagnosis of this first stage concluded that 

it was necessary to repair and regulate 53 power 

banks, having been replaced components such as 

capacitors, contactors and fuse of several orders of 

magnitude, and having also been necessary to 

regulate relays. 

In a second phase of intervention the power 

banks were ordered and installed in 50 stores with 

an investment of 71.6 k€ making a total investment 

of 84,2 k€ in this project with associated savings to 

both phases projected in 11,2 k€ per month, 

meaning that all the investment would pay for itself 

in less than a year. Besides the financial income 

there was also a big contribution to the 

environmental impact, reducing by each installed 

kVA 25 kg of CO2, [6], based on repairs and 

installations means an annual reduction of 135 

tons. 

v.  Studied projects resume 

Below, on Table 10 a summary of the energy 

reduction, environmental impact, implementation 

costs and payback for all the estimations and 

projects implemented during the present work is 

presented. Clearly, there exists potential in 

refrigeration systems and cabinets with full 

optimization or substitution of the refrigeration plant 

or by exchanging fans or introducing doors in the 

cabinets. 

It is important to take into account the reference 

of energy consumption for certain projects and 

following a philosophy of opening new stores with 

implementation of efficient technologies so that in 

this way we can counter the growth of the 

Buildings Sector in Portugal, which along with the 

number of supermarkets nationwide has evolved. 

 

Table 10 Projects summary 

Nº of 

Stores 

Total Consumption 

MWh 

Annual 

Saving MWh 
Savings %  

Ton 

CO2 

Financial 

impact € 

Measure 

Cost k€ 

Payback 

(years) 

Refrigeration Systems in audited stores  - saving projection with approach to ideal consumption 

19 5.932,8 704,5 12% 
    

Refrigeration systems in audited stores – Equipment replacement, approach to real results 

4 1.124,4 154,4 14% 55 20.841 71 3,41 

Refrigeration systems – equipment replacement in all critical stores 

32 8.592,1 1.214,2 14% 435 163.911 
  

Refrigeration systems – Fan Substitution – Pioneering project 

1 
 

13,8 8% 5 1.799 1,4 0,76 

Refrigeration systems – Fan replacement in all supermarkets 

338 74.746,7 5.983,5 8% 2.143 718.022 436,1 0,61 

Refrigeration systems – Doors in refrigerated cabinets – Best Scenario 

327 74.746,7 12.608,4 17% 4.516 1.182.896 3.064,9 2,59 

Refrigeration systems – Doors in refrigerated cabinets – Worst Scenario 

327 72.918,5 6.904,6 9% 2.473 647.776 3.064,9 4,73 

HVAC – Equipment parameterization - Summer 

74 
 

125,7 5% 45,06 16.964 
  

Reactive Power – Maintenance and power bank substitution 

103 
    

134.268 84.3 0,63 

 

IV.CONCLUSIONS 

In order to raise awareness for the practice of 

good use of energy a document of best practices 

was created to be implemented in the company, 

promoting an ambassador of sustainability in every 

store, whose mission is to motivate the whole team 

work and communicate permanently with the 

technical area in order to act in a short time on 

issues that are unresolved, can cause energy 

consumption deviations or especially impossibility 

of devices of operating within quality standards. 

The development of the algorithm has allowed 

the identification of an important measure to 

reduce the cost structure and also the reduction of 

CO2 emission - elimination of cost related to 

reactive power. 

Through the analysis of the energy 

management system and the created database 

some criteria were defined allowing identifying 

stores with potential problems in HVAC and 

Refrigeration Systems. 

Regarding air conditioning equipment 

significant differences in the disaggregated energy 

consumption profiles were detected. Given the 

theoretical assumptions [5] the operating 

parameters of several stores were analyzed and 

whenever it appeared that these were different 

from the summer ideals the philosophy was to set 

them to the optimum operating point and the 



 

results had immediate impact helping to reduce 

energy consumption in stores in 5%. 

The introduction of this measure was in mid-

August, which represents the peak of the annual 

energy intensity, ie the reflection of this measure 

was in the downward phase of the energy intensity 

curve. Extrapolating to the upswing, the measure 

could have doubled the impact if the procedure 

was implemented at the end of May, when the 

temperature in Portugal reaches several peaks 

above 25 ° C. 

Regarding to refrigeration systems, several 

potential points of improvement were identified 

through the analysis and audit to critical stores and 

also by analysis of potential technologies to 

implement. 

It was proposed an investment in four 

refrigeration systems with an estimation of energy 

consumption of each store close to 15%. 

Using the same criteria for all the stores in 

Portugal it was possible to identify 32 stores for 

which equipment may reveal similar results 

(critical) and based on established criteria and 

indicators, the potential savings associated to an 

investment that enables the substitution of the 

refrigeration system can be around 14% per year. 

On the other hand the implementation of 

measures such as the integration of doors in all the 

refrigerated cabinets and installation of electronic 

fans are presented as other investment 

alternatives that can have a strong impact on 

reducing the energy intensity of store network 

projecting a reduction of 8% in the case of fans 

and in the case of doors between 9.5% and 17% in 

the entire store chain. 

Future Work: Air Conditioning systems are, 

together with the refrigeration systems, the 

equipment with the biggest contribution in all 

supermarket chains. Through the parameterization 

of HVAC with the summer fixed conditions it was 

possible to achieve good results, but it is important 

to follow up the issue of climate and realize how far 

it is possible to adjust the temperature and 

humidity through one electronic device based on 

supermarket exterior and interior conditions. 

It will be interesting also on the scientific point of 

view to extend the analysis to all supermarkets in 

Portugal in order to understand what is the real 

impact of the retail sector on the Portuguese final 

energy consumption profile and figure out which 

best practices can be adopted in all the 

supermarket chains. 
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