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Abstract 

This article presents the real case of a new multi-flat residential building designed to have very low energy consumption 

(NZEB - near zero energy building). 

This study shows the building-plant system behavior in according to year energetic consumption reduced by adopting a 

feasible system solution in terms of costs and benefits compared to a technologically advanced plant with condensing 

boilers. The plant engineering solution adopted is constituted by a hybrid system heat pump invertible air-cooled, high 

efficiency, integrated by a condensing boiler. It is important to note that the choice of this system solution is based on the 

installation of a renewable photovoltaic solar panels with stand alone connections such as to overcome the heat pump and 

domestic electric consumptions on condition that it can overcome to 60% of sanitary warm water consumptions and to 

35% of the sum of the estimated consumption for heating, cooling and sanitary warm water. 

In each environment it is present the forced ventilation by means of a small fan unit equipped with a rotary enthalpy heat 

exchanger in order to obtain an excellent comfort and reducing energy consumption and maintaining constant low levels 

of CO2. 
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1. INTRODUCTION 

This study is focused on construction of a new 

residential building composed by 4 storey and 12 

flats in Piedmont region of Italy. 

Every storey is constituted by 3 different flats; big, 

middle and small as a function of surface and volume 

net extensions. 

The dimensions features of every flat are the 

following: 

S1=95 m2, S2=45 m2, S3=75 m2. 

V1=256 m3, V2=122 m3, V3=202 m3. 

This building was realized with selected materials in 

order to build a NZEB building (near zero energy 

building) with very low energy consumptions.  

The perimeter walls were made with bricks mixed 

with lightweight concrete and expanded clay vibrate-

compressed with extruded polystyrene based on 

graphite. 

The graphite inside the polystyrene performs a 

reflective action at the solar summer radiation. 

The brick utilized for the construction of the building 

is showed in figure 1. 

 
Fig. 1. Expanded clay brick insulating with reflective polystyrene 

 
The edges walls were made with special form bricks, 

with holes arranged for the pillars in reinforced 

concrete prepared in yard. 

The external perimeter structure obtained, is 

composed by continue insulation layer that lead a 

uniform heat transmission without thermal bridge 

(see figures 2a e 2b). 

 

   

Fig. 2a. Pre-formed angular brick insulated with reflective 
polystyrene. 
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Fig. 2b. High view to angular pre-formed bricks 

 
The window are constituted by wood-PVC-aluminum 

frames and triple low emissive glasses with thermal 

transmittance of Uw = 0,86 W m-2K (see figure 3). 

 

 

Fig. 3. Type of window 

 
The balconies are sustained by a few number of pre-

assembled wall bracket as showed in figure 4a, 4b. 

The wall brackets are inserted into insulation between 

the external balcony and internal insole avoiding 

interruption external insulation that would form the 

thermal bridge. 

 

 

Fig. 4a. Wall bracket balcony 

 

 

Fig. 4b. Wall bracket balcony front view 

 

1.1 ENERGY AUDIT OF A CONCRETE 

CASE AND DESCRIPTION BUILD-

PLANT 

The entire building owns this dimension data: 

- Gross total volume 3724 m3 

- Net total surface 914 m2 

The energy audit on external envelope led to the 

following results: winter power Qp = 30000 W 

and summer power Qc = 56000 W. We can see 

that the summer power is 86% more than winter 

power. 

The energy performance indexes obtained for 

characterize the envelope built in the winter and 

summer period, are respectively [1] [2]: 

- EPh,nd = 30,5 kWh m-2yr 

- EPc,nd = 15,6 kWh m-2yr 

The global energy performance index of overall 

building included also all plants are obtained by 

expression: 

EPgl,tot = Phtot+EPwtot+EPvtot+EPctot+EPltot+EPttot  

(1) 

where the other terms are due to energies 

obtained for the heating (EPhtot = 15.9 kWh m-

2yr), the sanitary warm water (EPwtot = 2.26 

kWh m-2yr), the ventilation (EPvtot = 1.30 kWh 

m-2yr), the cooling (EPctot = 10.3 kWh m-2yr), 

artificial illumination (EPltot=0) and the people 

and things transportation devices (EPttot=0). The 

value obtained is below the standard norm limit: 

EPgl = 65,7 kWh m-2 yr < EPgl,lim = 95,3 kWh m-2 

yr. 

This index is divided in other two terms a 

renewable and a not renewable indexes whose 

values calculated are respectively: 

EPgl,nr = 29.7 kWh m-2 yr, EPgl,r = 36 kWh m-2 yr 

This index is showed in figure 3. 

 
 

 
Fig. 3. Energy classification of building 

This analysis allowed obtaining also the 

following primary energies:  

- primary yearly energy absorbed from electric 

public net Qx = 10.200 kWh/yr 

- primary yearly energy for heating, cooling 

and sanitary warm water (s.w.w.) QPh = 

43.660 kWh/yr, comprising both energy 

produced by photovoltaic source and by the 

HP. 

This last energy can be divided as the sum of the 

further two contributions: the yearly primary 

energy covered by renewable sources QPhFR = 

23.782 kWh/yr and those not covered by 

renewable sources QPhNR = 19.880 kWh/yr. 
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The graphic of figure 4 shows the winter and 

summer monthly variation of these energy 

components during the year. 

The percentage amount covered by renewable 

sources QPh%, is defined as fraction between 

energy obtained by renewable energies and 

overall energy required for heating, cooling and 

s.w.w. to analyze the building in winter period 

[1]: 

QPh% =100 x QPhFR/(QPhFR + QPhNR) (2) 
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Fig.4. Energy contributions at winter and summer period 

 

This yearly energy percentage is about 55%. 

If we analyze separately the winter and summer 

periods, the renewable energy amount covers 

63% in winter period and 26% in summer one. 

Conform to actual standard norms; it is enough 

to calculate the winter percentage in order to 

assert that this percentage exceeds plenty the 

following limit:  

QhcwFR_perc= 55% >  QhcwFR_Lim= 35% 

where QhcwFR_Lim represents the minimum limit 

imposed by standard norms, covering 

completely the public electric energy 

consumption absorbed.  

Even the coverage of electricity demand 

obtained for the use of s.w.w. from renewable 

sources must be higher than the limit imposed 

by the rules: 

QhwFR_perc = 80% >  QhwFR_Lim = 60% 

The electricity energy produced calculation, by 

the photovoltaic single source, coincides exactly 

with that directly used and is equal to 

QxPVout=QxPVut=1876 kWh. 

In figure 5 are showed separately the electric 

energies produced from this source to cover the 

monthly electric consumptions, related to the use 

of heating, cooling, ventilation and s.w.w. 
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Fig. 5. Photovoltaic energies produced 

 

1.2. THE BUILDING-INSTALLATION 

SYSTEM 

 

The thermo-cooling installation is constituted by 

two HP with invertible cycle to produce, heating 

and cooling. (see figure 6). 

 
Fig. 6. Hydraulic scheme 
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The condensing boiler can have a small power 

by 15 kW provided exclusively for s.w.w. 

production at 40°C standard temperature. We 

install a 60 kW thermal power because we 

consider an alternative heating support for both 

services s.w.w. and heating respectively, in the 

case of failure of HP. In the case of the low 

temperature, the HP power produced won’t be 

enough; automatically the condensing boiler [3] 

will be activated, which will modulate its burner 

until reach the necessary power. 

If there is cooling required, the HP will be able 

to produce the cooling. All the expansive of the 

building are divided by energy counters device 

installed in every flat, for heating, cooling and 

s.w.w. services. Besides, it is installed also, a 

recovery rain water system for domestic uses 

(WC and washers), always equipped with energy 

counter device.  

In the flats, the energy required is supplied 

through radiant heating-cooling floor that cover 

the sensible heat. In the summer period in order 

to maintain the indoor relative humidity rate 

about 50%, there are installed a few 

dehumidifier that work at the same radiant floor 

temperature. 

Further in the flats there are also the forced 

ventilation unities that work of 0,6 vol/h to 

purpose to maintain low indexes pollution and 

constant CO2 rate. These unities are equipped 

with ventilators and heat enthalpy rotary 

recovery system in order to recover the sensible 

and latent heat of the exhaust waste air.   

They were introduced about 104 m2 of 

photovoltaic solar collectors connected in stand 

alone. The choice of stand alone connect the 

solar collectors is determined by the fact that the 

electrical energy can be accumulated to day and 

utilized in the evening when people go back at 

home.   

 

1.3. PHOTOVOLTAIC STAND ALONE 

DESIGN SYSTEM 

 

For the photovoltaic system exploitation 

there is a technical limit due to random 

intermittency of production. Indeed, the national 

electricity network can accept a limited amount 

of power fed intermittently above which may 

arise serious problems of stability of the network 

itself. 

 The acceptance limit depends on the 

configuration of the network and the extension 

of interconnection with neighboring networks. 

In the Italian context, it is considered 

dangerous overcome a  total intermittent power 

input value between 10% and 20% the overall 

power of the conventional generation plants. 

Accordingly, the presence of the constraint 

generation intermittency have limited the 

practical possibility of bringing a significant PV 

contribution in the national energy balance and 

this consideration is extended to all intermittent 

renewable sources. 

To overcome this negative aspect is needed 

to store for sufficiently long times the 

intermittent electric power produced in order to 

enter the network in a more continuous and 

stable form over time. 

Electrical energy can be stored in lithium or 

lead batteries. 

The lithium batteries, while achieving a 

discharge depth greater than those of lead ones 

(about 20% for lithium batteries and 40% for 

lead batteries) and more durable in time, they 

have been excluded inasmuch, cannot be 

regenerated every 5 years, but they must be 

replaced with consequently higher costs. 

The designed building is located in northern 

Italy where solar radiation in the winter months 

is not very high. 

The stand alone photovoltaic plant is usually 

conceived so that the solar energy can charge 

always the battery before it is converted in 

alternate current (AC)  

The electricity generated to cover the 

monthly electricity consumption related to 

heating, cooling, ventilation and a.c.s, is then 

directly consumed without producing excess 

energy that would needlessly lost with the 

advantage of avoiding over-sizing of the system 

by limiting the investment costs. 

To size the stand alone photovoltaic system 

must evaluate the electrical load consumed of 

the building in 24 hours. 

The peak of daily electricity energy is 

maxim around of 20.00 for the three type of flats 

described, assuming 4 people to big flat, 3 

people to middle flat and 2 to small flat. 

The daily electricity energy peak consumed 

by the building is considered as the average of 

the three peak loads of the three flats at hour of 

maximum use. 

The average electricity energy results 47 

kWh/g corresponds to power of about 1,9 kW in 

24 hours. 

The diagram in figure 7 underlines the daily 

average peak load the building 
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Fig. 7. Peak total average load daily of the building 

 

The profile of this load is showed on the 

diagram of figure 8. 
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Fig. 8. Electric power profile in 24 hours 

 

The building total yearly electricity energy 

calculated is Ec = 17.000 kWh/yr 

The solar collectors surface should be able 

to cover the daily peak electricity energy at 

December where there is less light, but this 

surface would be so great that the photovoltaic 

plant should become too expensive. 

Therefore, the solar collectors’ surface will 

be calculated through the yearly solar energy 

analysis, obtaining the best compromise between 

maximum absorbing surface and minimum cost 

of photovoltaic plant.   

The solar collectors must be chosen with 

high efficiency, with optimal sensitivity at low 

light and with tilt angles such as to allow the 

maximum exploitation of solar energy captured. 

The figure 9 represents the solar panel 

utilized 

 

    

Fig. 9. Type of collector and cell  

 

The calculated value of monthly solar 

energy on the collectors’ surface is showed in 

the table 1 for the considered location and they 

are obtained with optimal tilt angle by 36°. 
 

Tab. 1. Solar energy per m2 on collectors surface [4] 

 
Month Hh Hopt H(6) Iopt T24h NDD

Wh/m
2
 day Wh/m

2
 day Wh/m

2
 day °Tilt °C °C/g

Jan 1270 2160 1450 65 5.3 433

Feb 2320 3660 2600 59 7.0 339

Mar 3900 5150 4190 47 9.9 221

Apr 4830 5440 5040 32 12.3 98

May 6150 6210 6280 20 17.2 10

Jun 6800 6530 6880 13 20.9 0

Jul 7090 6970 7220 16 22.7 0

Aug 5860 6350 6070 27 22.2 1

Sep 4280 5340 4550 42 19.2 36

Oct 2540 3580 2770 53 15.3 190

Nov 1440 2370 1630 63 10.4 363

Dec 1140 2130 1330 68 6.0 453

Year 3968 4658 4168 36 14.0 2144

Montly irradiation [Wh/mq day]

 
 

The diagrams in the figure 10a and 10b 

showed the monthly variations of solar 

irradiation and the tilt angle. 
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Fig. 10a. Solar monthly daily irradiation 
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Fig. 10b. Tilt angle monthly variation 

 

For aesthetic and architectural issues, the 

building was designed with a bend and an 

inclined cover of only 6°. 

The photovoltaic collectors are then fixed 

inclined by an angle of about 30° obtaining the 

optimum total angle of 36°. 

To avoid a possible shutdown plant and to 

defray the electrical loads in surplus it is still 

necessary to connect the PV system to the 

electricity net. 

Knowing the annual electric load consumed 

by Ec = 17000 kWh/yr, including solar energy 

produced from the photovoltaic Eg and absorbed 

electricity Ec by the electricity net, it should be 

applying the following inequality[5]: 

Eg ≥ Ec 

Equaling the energy produced to that 

absorbed you get the minimum absorbing 

surface: 

Eg = Ec 
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g  (Ag  G)  k ≥ Ec (3) 

whence  

Agmin = Ec/(g  G  k)  (4) 

 Agmin = 47000/(0,18  2130  0,99) = 124 m2 

 

This is lower of the roof surface available of 

200 m2. 

 The peak power is calculated by the 

following: 

Pp = Ddod Agmin   (5) 

 Pp = 164  124 = 20.336 Wp  

 

where Ddod corresponds at the density of 

power of the module chosen by 164 W/m2 and 

with the surface of 1,6 m2 

The energy stored in the pack battery is 

then: 

Qb = (Ecmax  Nda) / (dod  b)  (6) 

 Qb = (47000  0,74)/(0.8 0.8) = 54,34 kWh 

where: 

- Nda is the days number of autonomy 

chosen of about 0,74 (circa 18 hours). 

- dod is the depth of discharge by 0,8. 

- b is the charge/discharge efficiency by 

0,8. 

Finally the capacity of the battery pack 

obtained is: 

C = Qb/Vn    (7) 

 C = 54343/48 = 1134 Ah 

 

Having 12 flats it was obtained a number of 

modules by 78 and a total photovoltaic surface 

by 124 m2. 

 

1.4. ECONOMICAL ANALYSIS 

 

The photovoltaic system has been evaluated 

in detail from an economic point of view 

through the following main data: 

- useful life of 25 years 

- inflation rate i = 0.2% 

- discount rate d = 0.45% 

- electricity cost cel = 0,20 € kWh-1 

- maintenance costs CM = 480 € yr-1 

- cost of regenerating lead batteries every 5 

years at the rate of 50 €/battery 

- electricity sold rate cost ci = 0,13 € kWh-1 

- total cost of 42,000 € including: 

• batteries cost Cb = 9,000 € and solar 

collectors cost Cs = 11,000 €, 

• wiring cost inverter, charge controllers, 

control boxes, control panels and mounting 

structures 23,000 € 

- Average daily energy peak estimated for 

building Ec = 47,000 Wh/g 

It highlights three cases by economical 

analysis: 

1st case: the absence of the influence of the 

cost of money, inflation and a deduction of 50% 

of the investment cost distributed over 10 years 

2nd case: a deduction of 50% of the 

investment cost distributed over 10 years, the 

absence of the influence of the cost of money, 

and inflation 

3nd case 3: a deduction of 50% of the 

investment cost distributed over 10 years 

affecting the cost of money and inflation. 

The table 2 summarizes the three studied 

cases.  

 
Tab. 2. Cash flows and energy produced in the three cases analyzed 

Energy 

produced 

O&M Costs Deduction of 

50%

Not actuialized 

cash flows lacks 

deduction

Not 

actuialized 

gain

Not actuialized cash 

flows accounting 

deduction of 50%

Not 

actuialized 

gain

Actuialized 

cash flows

Actuialized 

gain

Year [kWh] [€] [€] [€] [€] [€] [€] [€] [€] [€] [€]

0 0 0 0 0 -50000 -50000 -50000 -50000 -50000 -50000 -50000

1 19000 2470 4750 478,81 2500 -42780 -33469 -40759 -43259 -40759 -40759

2 18905 2458 4726 478,21 2500 6706 -26763 9206 -34053 9205 -31554

3 18810 2445 4703 477,61 2500 6670 -20093 9170 -24883 9170 -22384

4 18716 2433 4679 477,02 2500 6635 -13458 9135 -15747 9134 -13250

5 18623 2421 4656 1661,57 2500 5415 -8043 7915 -7832 7914 -5335

6 18530 2409 4632 475,84 2500 6565 -1477 9065 1233 9064 3729

7 18437 2397 4609 475,25 2500 6531 5054 9031 10264 9029 12758

8 18345 2385 4586 474,66 2500 6496 11550 8996 19260 8995 21753

9 18253 2373 4563 474,07 2500 6462 18012 8962 28223 8960 30713

10 18162 2361 4540 1643,95 2500 5258 23270 7758 35980 7756 38468

11 18071 2349 4518 472,89 0 6394 29664 6394 42374 6392 44861

12 17981 2337 4495 472,31 0 6360 36025 6360 48735 6358 51219

13 17891 2326 4473 471,72 0 6327 42351 6327 55062 6325 57544

14 17801 2314 4450 471,14 0 6293 48645 6293 61355 6291 63835

15 17712 2303 4428 1626,53 0 5104 53749 5104 66459 5102 68938

16 17624 2291 4406 469,97 0 6227 59976 6227 72686 6225 75162

17 17536 2280 4384 469,39 0 6194 66170 6194 78880 6192 81354

18 17448 2268 4362 468,81 0 6161 72332 6161 85042 6159 87512

19 17361 2257 4340 468,23 0 6129 78461 6129 91171 6126 93638

20 17274 2246 4318 1609,31 0 4955 83415 4955 96126 4952 98591

21 17188 0 4297 467,07 0 3830 87245 3830 99955 3828 102419

22 17102 0 4275 466,50 0 3809 91054 3809 103764 3807 106225

23 17016 0 4254 465,92 0 3788 94842 3788 107553 3786 110011

24 16931 0 4233 465,35 0 3767 98610 3767 111320 3765 113777

25 16846 0 4212 1592,30 0 2619 101229 2619 113939 2618 116394

PEAK POWER 20,60 kWp

Incoming 

(produce 

energy + self-

consumption)
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In the second column, it is showed the 

change in the value of the PV plant electricity 

energy produced in kWh that is configured in a 

performance decrease of 0.5%/yr. 

The cost of sold electricity for the first year 

is equal to: 

Cj 'ci  EPJ = 0.13 ∙ 19,000 = € 2,470 (8) 

The cost of saved electricity: 

Cj '' ce  EPJ = 0.25 ∙ 19,000 = € 4,750 (9) 

So the total energy cost spared is the sum of 

the previous two components: 

Ctotj = Cj '+ Cj'' = € 7,220  (10) 

The deduction substantially modifies the 

VAN which is annulated between the 5th and 

the 6th, and no longer with the 6th and 7th year, 

anticipating plant depreciation. In Figures 11 a, 

b, c there are shown the trends of VAN in all the 

three cases. 
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Fig. 11a. 1°Case. Cancellation of VAN among 6 and 7 years 
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Fig. 11b. 2°Case. Cacellation of VAN at 6 year 
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Fig. 11c. 2°Case. Cancellation of VAN among 5 and 6 years 

 

The results of the three economic parameters 

obtained as VAN, TIR and PBT in the three 

cases are summarized in Table 3. 

 
Tab. 3. Economic parameters: VAN, TIR and PBT 

 
 

The VAN result is greater than zero in all 

the three cases. Therefore, all the three 

investments are feasible, the most convenient 

being the TIR of the 3rd case of 15.10% with the 

quickest PBT 5.69 years. 

The TIR obtained corresponds to an 

investment in cash of 15.10% interest rate. 

The cost of the photovoltaic plant life 

discounted, decreases progressively over the 

years according to the following expression: 

ACCC=CCC
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11
  (11) 

The term CCC represents the total cost of the 

plant life PV cycle. It is the sum of the costs of 

the photovoltaic collectors and of the batteries’ 

regeneration every five years. The yearly 

maintenance and other components that 

constitute the photovoltaic system: 

Ccc = Cpv+Cb+Cbr1+Cbr2+Cbr3+Coc+CM  (12) 

Coc is the cost includes the sum of the cost of 

the inverter, controller and installation [6-9]: 

Coc=Cinv+CMPPT+Cinst (13) 

The yearly actualized maintenance cost CM 

is obtainable by the following equation: 

CM = CM/yr  
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The graph in figure 12 shows the decrease of 

the cost during 25 years. 

ACCC=CCC
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The unit cost per kWh for 20 years, is obtained 

as following: 

cel_PV = ACCC/(365Ec) = 0.15 €/kWh (16) 

The unit cost obtained from photovoltaic cells is 

lower than the cost of electricity supplied from 

the grid. Thus the future use of stand alone 

system in the residential field becomes useful 

and reasonably feasibly. 

For a more complete and accurate PV system 

design, the economic analysis requires the 
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calculation of the optimal absorbing surface with 

minimum total annual cost incurred during the 

life cycle of the PV plant 

The total minimum yearly cost is the sum of the 

cost for photovoltaic system purchase and for its 

installation, to which must be added the cost of 

electricity integration. 

The total cost obtained is then compared with 

the total yearly cost of a conventional system 

devoid of photovoltaic collectors. 

The diagram in figure 12 shows that at a 

minimum cost of about € 5,616 the optimum 

capturing surface of about 104 m2 instead of 

124.8 m2 calculated previously, without 

compromising the end result. 
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Fig. 12. Photovoltaic minimum yearly cost 

 

1.5. CONCLUSIONS 

The results obtained are the followings: 

- the performance index characterizing the 

envelope in the winter is EPh,nd = 30,5 kWh m-2 

yr-1, this value compared with the casa clima 

energetic indexes, places the building in an 

energy class between class A gold and class A 

as showed in figure 13. 

 

   
Fig. 13. Energetic “Casa Clima” classes 

- phase displacement of the summer solar 

radiation wave through a small value of 

periodic transmittance for roofs and walls by 

=0.02<lim=0.12 Wm-2K-1, maintaining a good 

balance under the cost-benefit aspect. 

The advantages are: 

- in the stand alone PV plant it is charge always 

the battery by solar energy before being 

converted in alternate current (AC). 

- the electricity energy produced to cover the 

monthly electricity consumptions for heating, 

cooling, ventilation and s.w.w., is directly 

consumed. Hardly it is produced excess energy 

that would be lost and unutilized. 

- this PV plant not contain an oversized capture 

surface of about 104 m2, limiting the 

investment costs and specific cost per kWh. 

- we have avoided the thermal bridges. 

- we have avoided the formation of the 

condensation on surface and inside wall layer 

and excessive endogenous heat due to solar 

loads 
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NOMENCLATURE 

EPh,nd  performance energetic winter index [kWhm-2 yr-1] 

Ec  average electricity energy consumed by the load [kWh] 

Eg  photovoltaic energy produced [kWhyr-1] 

QPhFR  primary energy covered by renewable sources [kWhyr-1] 

QPhNR  primary energy not renewable for heating [kWhyr-1] 

QhcwFR  renewable energy percent for heating, cooling, s.w.w. [%] 

QhwFR  renewable energy percent for s.w.w. [%] 
QxPVout  electricity photovoltaic energy produced [kWh] 

Qx  public net electricity yearly energy [kWhyr-1] 

Ccc total cost of the plant life PV cycle [€] 
COC photovoltaic remuneration statal cost [€] 

CM  maintenance cost [€] 

ACCC  photovoltaic cost plant life discounted [€] 

cel_PV specific electricity cost [€kWh-1] 

U  thermal transmittance [Wm-2K-1] 
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  periodic transmittance [Wm-2K-1] 

PBT  pay back time [yr] 

TIR  interest internal rate [%] 

VAN  net present value [€] 

s.w.w sanitary warm water 

HP heat pump 

 

 


