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Abstract

Given the European targets for reducing the consumption of utility buildings, energy upgrade studies are of 

great importance as they allow the evaluation and recognition of the most competitive interventions in a 

building in order to significantly improve its energy class. In this context, the present postgraduate 

dissertation deals with the study and simulation of the building model that belongs a television and radio 

channel. using appropriate software for its energy upgrade, aiming at energy savings using heating and 

cooling systems and the penetration of Renewable Energy Sources. After analyzing the main features of the 

building and estimating its energy consumption, a first assessment is made of the available options for energy 

interventions. The proposed interventions are then evaluated via the Design Builder simulation software and 

their competitiveness is evaluated techno-economically. More specifically, two categories of interventions 

were studied. The first category includes the upgrades of the building shell, the upgrade of the air conditioning 

systems and the installation of a geothermal heat exchanger. The second category includes the interventions 

with respect to the lighting appliances and the installation of a photovoltaic system. According to the 

economic analysis, it seems that the interventions of the first category have a large capital cost of € 3,100,583

and a long payback period, although they have total savings of € 205,563 per year. The interventions that 

belong to the second category, have a high return, as the cost of capital is a total of € 549,200, while the 

annual savings are very large € 177,884.

Summary

This thesis concerns in the Energy Upgrade Study of a Television station building
infrastructure. The scope of the paper is to study the technics of the energy upgrade for 
existing buildings and research of the capabilities for the execution of these technics in 
television station buildings. The study is aiming to analyze the characteristics of the 
building and his needs and energy saving using HVAC systems and Renewable Energy 
Sources.

At first, an account of the existing situation is being established as far as the envelope of 
the building, HVAC systems and the operating characteristics of the individual areas. 
Afterwards, with the help of a design and modeling software (DesignBuilder), the existing 
building is being designed and the zoning of the interiors is taking place, evaluating the 
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energy consumptions of the building. Furthermore, in the software environment, energy 
upgrade solutions are being proposed, in order to achieve the best rate of energy saving, so 
that the building is being classified as nearly Zero Energy Building (nZEB). Lastly, the 
different scenarios are being evaluating according to their energy saving rate effectiveness 
and their cost and payback period time of the investment.
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5.1

(

-

m2)

(OC/ OC)

(W/m2) (W/m2)

5

07:00-20:00

0,0538 20/26 5 7

7

07:00-20:00

0,01 20/26 0 0

5

07:00-18:00

0,25 20/26 5 0

07:00-20:00

0,0538 20/26 7 7

7

07:00-20:00

0,2691 20/26 0 0

07:00-20:00

0.2153 20/26 0 0

07:00-18:00

0 0 0

7

07:00-18:00

0,1076 20/26 5 10

7

07:00-18:00

0,1076 20/26 5 10
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07:00-18:00

0 0 0

5.2.2 -Construction
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5.2
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5.2.4 -Lighting
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5.3
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5.5

kWh kWh kWh kWh kWh

2.129,08 117.180,10 339.247,70 227.530,70 1.774,45 119.196,30

2.008,16 108.623,80 310.977,70 253.072,70 1.308,33 107.661,20

2.074,05 118.667,20 341.671,70 149.048,90 2.502,74 119.196,30

1.712,56 108.623,80 331.984,90 0,00 14.625,48 115.351,30

1.692,46 121.458,30 407.220,70 0,00 61.613,08 119.196,30

1.487,06 114.389,10 473.373,70 0,00 146.184,20 115.351,30

1.560,04 121.458,30 570.128,30 0,00 224.520,70 119.196,30

1.532,33 120.062,80 573.874,30 0,00 231.486,00 119.196,30

1.525,33 115.784,60 470.337,60 0,00 139.928,80 115.351,30

1.712,81 121.458,30 395.295,80 1.425,50 49.688,26 119.196,30

1.876,60 115.784,60 338.703,50 57.460,20 8.294,69 115.351,30

2.018,12 111.506,50 323.749,30 238.133,50 1.474,85 115.351,30

- 1.394.997,40 4.876.565,20 926.671,50 883.401,58 1.399.595,50

CCU
,

.
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5.6

kWh kWh kWh kWh kWh

112.680,37 375.245,27 338.377,43 128.249,87 128.249,87

102.057,65 339.261,93 256.177,11 115.867,78 115.867,78

116.067,22 361.499,29 76.636,53 130.830,07 130.830,07

107.410,98 383.435,78 0,00 123.513,62 123.513,62

115.321,52 447.278,69 0,00 129.625,96 129.625,96

106.902,08 519.989,22 0,00 124.509,72 124.509,72

105.245,51 571.779,68 0,00 127.402,41 127.402,41

96.737,15 566.164,11 0,00 127.587,81 127.587,81

110.812,55 524.434,77 0,00 125.044,80 125.044,80

118.068,17 407.398,97 0,00 129.925,11 129.925,11

114.387,19 356.247,21 67.626,51 126.596,56 126.596,56

109.766,73 363.312,32 277.213,89 125.596,90 125.596,90

1.315.457,11 5.216.047,24 1.016.031,47 899.425,71 1.514.750,59

6,05% 6,51% 8,80% 1,78% 7,60%
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5.5

5.7

Electricity 
[kWh]

District Cooling 
[kWh]

District Heating 
[kWh]

Electricity [kWh] District Cooling [kWh] District Heating [kWh]
Heating - - 425.866,15
Cooling - 1.953.534,71 -

Interior Lighting 1.394.997,33 - -
Exterior Lighting - - -

Interior 
Equipment

1.198.571,00 - -

Total End Uses 2.593.568,33 1.953.534,71 425.866,15
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5.8

Electricity 
Intensity 

[kWh/m2]

District Cooling 
Intensity 

[kWh/m2]

District 
Heating 
Intensity 

[kWh/m2]

Water 
Intensity 
[m3/m2]

Lighting 39,41 - - -
HVAC - 55,18 12,03 -
Other 33,86 - - -

Total 73,26 55,18 12,03 -
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6
DESIGNBUILDER

6.1

6.1.1

HVAC.

6.1.1.1

6.1

(W/m2-K) (W/m2-K)

0,792 mm

1,436 0,351



61

0,792 mm

2,071 0,351

-
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.
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6.2

W/m2-100 lx)

0,494

1,075

1,516

1,066

1,274

1,652

6.1.3 -

,

.

6.3 HVAC

3,00

0,70

-

07:00- 18:00

16,57
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inverter

HVAC

6.1.4

inverter.
31

2978 m2 550
kW. inverter

6.1
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6.2

6.4

B

kWh kWh kWh kWh kWh kWh kWh

48.972,98 199.416,60 113.160,10 1.123,08 48.288,56 -47.462,66 151.953,94   

44.183,04 181.991,60 114.774,60 868,30 43.615,48 -53.389,57 128.602,03   

46.537,70 197.531,00 73.514,94 1.463,08 48.288,56 -75.688,63 121.842,37   

41.243,83 187.760,70 0,00 6.461,17 46.730,87 -82.904,70 104.856,00   

44.794,12 228.443,30 0,00 30.475,07 48.288,56 -93.476,77 134.966,53   

41.386,57 264.458,60 0,00 78.953,10 46.730,87 -103.720,90 160.737,70   

43.663,70 323.111,00 0,00 126.273,20 48.288,56 -109.365,70 213.745,30   

44.045,26 326.874,90 0,00 131.477,50 48.288,56 -104.586,80 222.288,10   

43.537,08 268.819,60 0,00 79.341,64 46.730,87 -96.453,61 172.365,99   

48.144,73 230.054,30 2,91 28.735,37 48.288,56 -71.544,76 158.509,54   

48.614,69 198.950,60 18.573,11 4.395,04 46.730,87 -43.305,80 155.644,80   

47.533,59 190.713,50 103.963,00 1.092,56 46.730,87 -41.070,38 149.643,12   

542.657,29 2.798.125,70 423.988,66 490.659,11 567.001,19 -922.970,28 1.875.155,42   
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6.2
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6.3

6.5

Electricity 
[kWh]

District Cooling [kWh] District 
Heating 
[kWh]

Heating - - 291.786,69
Cooling - 1.461.117,79 -

Interior Lighting 542.657,28 - -

Exterior Lighting - - -

Interior Equipment 1.197.808,24 - -

Total End Uses 1.740.465,53 1.461.117,79 291.786,69
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6.6

Electricity 
Intensity 

[kWh/m2]

District Cooling 
Intensity 

[kWh/m2]

District Heating 
Intensity 

[kWh/m2]
Lighting 15,34 - -
HVAC - 41,31 8,25
Other 33,86 - -

Total 49,21 41,31 8,25
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7

7.1

.

7.1

kWh kWh kWh kWh kWh

58.751,82 125.942,50 96.297,30 732,97 66.392,94

55.682,84 116.208,90 116.818,00 498,77 59.967,82

62.576,80 130.120,80 67.829,56 1.087,34 66.392,94

58.622,05 130.735,30 - 7.802,56 64.251,23

66.860,18 164.417,10 - 31.096,59 66.392,94

63.798,43 201.212,80 - 73.102,00 64.251,23

67.990,60 244.378,40 - 109.927,40 66.392,94

66.339,14 245.534,90 - 112.737,20 66.392,94

62.917,82 192.999,50 - 65.767,46 64.251,23
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63.509,57 150.698,20 2.007,45 20.728,36 66.392,94

57.840,21 125.757,00 38.079,70 3.602,55 64.251,23

54.991,81 119.749,40 113.521,50 446,02 64.251,23

739.881,27 1.947.754,80 34.553,51 427.529,21 779.581,61

57,69% 41,04% 50,62% 46,56% 57,89%

BEMS.

1.947.754,80 kWh 41,04%.

7.2

(LCCA). ,

.

,

SIR) (AIRR).
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, Net Saving)

7.2

4,00%
1

(€/kWh) 0,11

(€/kWh) 0,057

7.2.1

7.3

(m2)

7.586,80 303.472,00
5.646,19 846.928,50
8.100,00 202.500,00
5.884,10 117.682,00

27.217,09 1.470.582,50
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7.4

(kWh)
(€)

265.223 29.175 €

222.836 12.702 €

488.059 41.876 €

7.2.2

7.5

(kWh)

829.881 91.287 €

-100.000 -5.700 €

729881 85.587 €

7.2.3 HVAC
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7.6

430.000
80.000

640.000
240.000

BEMS 110.000

1.500.000 €

7.7

(kWh)

1.207.111 132.782 €

434.554 24.770 €

1.641.662 157.552 €

7.2.4

922.970,28
kWh

kWh.

inverter 339.200 €.
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7.8

(kWh)

922.970 92.297 €

- -

922.970 92.297 €

Aleo solar P23
325 W

7.1

inverters

7.2.5



74

7.9 5

(kWh)

55.774 6.135 €

- -

55.774 6.135 €

7.3

7.10

- 41.876 €

- 85.587 €

HVAC 157.552 €

- 92.297 €

6.135 €
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7.4

NPV), 

.

IRR)

4 %.
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3.100.583 €
205.563 €

549.200 €
177.884 €.

.

3.649.783
383.446,89 €.

7.5
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