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ABSTRACT.This study presents the research on optimum solutions, as far as energy and economic
criteria are concerncd, for different forms and insulation of the shells of residential buildings in all three
climatic zoncs (C.Z.) of Greece. Measurements in one of the three buildings studied, (one 8- and one 5-
slorey conventional building and a 2- storey passive solar building) as well as numerous thermal analyses
and cost-benefit analyses, constituted the principal methods leading 1o the verification of the simulation
programme and 1o a series of results and conclusions.

Onc of the more important conclusions relates 1o the passive solar building, which verifies the restricted
pay-off period (3 years in the cold C.Z.) of the additional investment in the energy saving measures and
also evidenced, a very high percentage of encrgy saving (up to 82%) in comparison with other convenlional
buildings.

1.Introduction

Numerous cnergy paramcters, based on the principles of bioclimatic architecture design, are
considered, which finally influence not only the sensitive thermal balance of the building, but the
1otal lifc cycle cost as well (cost of energy consumption, construction cost, heating installation
cost, mainicnance cost). Hence the problem of rational use of energy, a compound problem, is
better confronted as an entily, thus evaluating the paramecter “energy” as well as the parameter
“cconomy”, if, of course, the aim is to determine the optimum solution in each case, using not only
thermal but also economic criteria. Based on the above, and assuming that the climate of each area,
is onc of the most decisive parameters of energy behaviour of buildings (fig. 2), this study
investigates the optimum thermal and economic solution in the three climate zones (C.Z.) of Greece
and for three types of buildings’ . The buildings that were studied were chosen on the basic
criterion of form, expressed by the A/V ratio, as well as the existence or not of an energy design.

2. Field of study - Method used

For the purposes of this study, as mentioned above , three residential buildings were chosen: a
two-storcy passive solar building (fig. 1), house of the architect M. Chrisomallidis, awarded a
prize in a Tcllenic architectural competition, with an attached green house of 15 m2, A/V: 0.923
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(unfavourable form) and dimensions L.7.5*W.7.5*H.7.5 m; a conventional five-storey building
(A/V:0.36 L.20*W.18*H.16.5 m. ), and an eight-storcy conventional apartment building with
A/V:0.313 (favourable energy form ,L.20%*W.14*H.27 m.). These buildings, designed for the
cold climate zone of Greece (Thessaloniki) were assumed to be also suitable for construction in the
mild climate zone (Athens), and in the warm climatc zonc (Chania, Crete). The shell of the
buildings was considered to have 4,6,8 cm. thermal insulation, (glass-wool) or (o have none.The
geometric data, the thermal characteristics, and the climale data of the three urban spaccs, arc
presented in table 1.

In the first stage of the study, simulations were carricd out for all the climatic cases and all
possibilities of thermal insulation of the shell of the three buildings, by using a computer
programme in order, to determine their thermal behaviour (fig.2). It should be cspecially noted that
the verification of the programme results was checked by temperature measurcments and annual
registers of consumption (24 tons oil) in the existing uninsulated 5-storey building. The results
from the comparison are considered to be very satisfactory. (deviation in the order of 7%)

The second stage comprised a cost-benefit analysis, for all the altcrnative cases investi gated in the
earlier, stage of thermal analysis. The totally uninsulated building was takcen as a basc of
comparison for the calculations. The aim was the evaluation of the solutions also with reference to
economic criteria, so that, for each climate zone and building, the optimum solution (table 2) could
be proposed. The economic analyses were based on the existing 6 dynamic economic methods,
which were applied by means of a special computer programme. In table 2, only the results from
the methods “ Net Benefits-Benefits Costs- B-C” and “Discount Pay-back D.P.B.” are ind icatively
presented, taking into account all the cash in- and out{lows, that come from the energy-saving
mecasures during the life cycle of the building. A sensitivity analysis was also attempled, for the
Lwo most unstable parameters (“I” :interest rate, (%),”L”: increase of energy cost (%) ), by
assuming possible allernalive values. The shaded areas (table 2) , refer (o results, with values of
“I” and “L”, that are valid today in Greece, based on which the choice of the oplimum economic
solution could be realized.

TABLE : 1 Geometric data, thermal characteristics of the buildings, and climate conditions of the
three climate zones in Greece

I PROJECTS DATA

ls- STOREY CONVENT. BUILD. __ |5.STOREY CONVENT. BUILD, _ |2.STOREY PASSIVE SOLAR BUIL.
SHELLS THERMAL INSULATION _|_(cm [dem | 6cm [8em | 1 0cm | dem | 6cm [ 8em | | oem [ 4om T 6em | 8em
|('i£s!'\]ETN.IC DATA

| U-VALUE [W Y W MIE | U-VALUE IW pai% 1

VOLL? M3 ] 7943 i 353
FLOOR AREA [M2 333 0.54 | 049 [0.33 3.78 | 0.54 | 0.49 | 0.33 56] 283 | 059 | D4z 33
ROCF AREA_[MZ 215 | 052 44 | 0. Z .52 | 0.44 | 03D gﬁ 00| 6.5 39 | 030
EXTERNAL WALL AREA[M2]]| 14 78 |70.66 | 0.51 [0.39| 1044 2.16 | 0.66 | 0.51 | 0.39 | 188 236_| 055 | 0.40 32|
WINDOWS TOTAL AREA [M2 | 5. 302 1302 {302 338] 580 | 3.02 | 3.02 | 302 26| 581 | 302 | 3.02 02
THERMAL CHARACTERISTIC
TOTAL Um -VALUE [W/MZK] [ 2 95 | 085 [ 073 1270 | 057 JOBT ] 076 230 | 0.68 | 056 | 049
VENTILATION RATE n:h " |0 0.60 | 060 | 0.60 0.60 | 0. .60 [ 0.60 0.60 | 0.60 | 0.60 | 0.60
HEATED Vi £ [M3 ?ﬁ#;{ 5 353
HEATED FLOOR AREA [M2 2647 1936, 1i3
NET HEAT LOAD [KWh/M2A] |THESSA 34 ET] F sal 107 | 39 365 | 32 |THESSA| 227 1 30 a1

A 47 g 18 ATHENS| 61 ¥ 20 [aTHENS| 137 4| 28 | 26

CHANI 27 1 11 jCuANIA] 37 13 12 [cHaMial BT i 17 6
SITE CLIMATE -
LATITUDE
LONGITUDE

AVERAGE AMBIENT TEMP.|C
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3.2 COST-BENEFIT ANALYSIS RESULTS
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3. Results
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Thermal balance of buildings and final energy consumption, in the three climate zones

Figure 2.

values in the parentheses) of (he extra-cost for the application of energy saving measures.Base of

and with different thickness of shell insulation. (central heating, degree of efficiency of the

comparison is the uninsulated building. The optimum solution for countries with different values

installation 0.75). Note: The total thermal gains appear higher in the cold C.Z. due to longer

healting period (6 months) compared to the mild (5 months) and the warm (3 months) C.Z..

of interest rate “I"” and differcnt increase of the energy price “L”can also be determined from this
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4. Conclusions
4.1 CONCLUSIONS FROM THE THERMAL ANALYSES (fig.2 ,tab. 3)

Table 3.Indicative summary results. The shaded area refers to the base of comparison,
§-STOREY BUILDING

lj THESSALONIKI ATHENS CHANIA

6cm Bcm Ocm dcm 6em 8cm Ocm dcm 6cm 8cm_|

[45) -56%| [42) -59% [ﬁﬁ]'\m"\' 0 (311 -53%|[29) -56%|(27] -59% [-11]}9,#[52’6734% 118]-57%] {17 -61%

53% 56% 45%) 70% 3% 75% 56% 34% 84% 84%

63% 66%F . G0 59% 59% 61% MTQI 59%|  59% 61%

5-STOREY BUILDING

150) -60%] [46] -63%]183] +0.00 [[35]-57%I[33] -60%][30] -64%| [55] +0.0[(22] -59%||21} -62%] [20] -65%

53% 56% 42% 71% 73% 76% 51% 85% 85% 86%]

66% 69%1 63% 65% 68%| X 64% 64%| 66%

2-STOREY BUILDING
[67] -74%; (61} T16%]1167] +0.00{[53) -63%] [45]-73%|[40] -76%| [110] +0.0[{35] -68%][29] -74%| [26] -76%
48% 52% 27%| 64% 70% 74% 32% 78% 81% 84%|
78% 81% 3 5% 80% B2%f . 8 T71%| 80%| 82%|

1.thermal insulation [cm] 2. total losses [kwh/m2a] -[%] 3.total gains % of the tot. losses
| 4. energy conservation {%] | |

The thermal analysis results confirm what is alrcady known , that

-the more favourable the outdoor climate condilions are

-the stronger the passive protection of the shell is and

-the more favourable the form of the building is, from the cnergy aspect,

the greater the percentage cover of the total thermal losses, by the thermal gains,(with conductivity
and ventilation). (tab.3 ,8-storey building., row 3, 8cm.therm.insul., in the 3 C.Z.)

Therefore, in mild and warm zones, energy autonomous buildings could be very easily achicved..
In cold zones the total gains can cover 42-56% of the gross thermal load,(total losses and energy
consumption for use of warm water), a percentage that can be increased with the use of passive
solar systems of southemn orientation.

The energy saving, with respect to the degree of insulation of the shell and independent of the
climatic zone, is, in the conventional 8-storey and 5-storcy building, between 59%-68%, whereas
in the passive solar 2-storey building it is betwcen 74%-82%. (lab.3)

4.2 CONCLUSIONS FROM THE COST -BENEFIT ANALYSES .(tab.2)

In many cases, and especially in the multistory buildings, in the warm climalic zonc the uninsulated
building shows a lower life cycle cost compared to the insulaled one, and hence result negative
benefit values. (0 in table 2).

Using the “I”" and “L" values valid for Greece 1oday, and for all the three buildings, the economical
optimum solution for the cold climatic zone is shown to be the strong insulation of 8 cm, for the
mild climatic zone 6 c¢m, whereas for the warm climatic zone 4 cm of shell insulation.

In multistory buildings particularly, the discounted pay-back period increases, successively from
the cold to the warm C.Z., hence the optimum solution must be dctermined with the additional
consideration of the results by the “B-C” method.

The passive two-storey building shows a very restricted pay-off period, especially in the cold C.Z.
(up to 3 years in the most unfavourable case), an cncouraging factor for making additional
investment in energy-saving measures in buildings of this scale, and especially for the application
of passive solar svstems.




