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(unfavourable form) and dimensions L.7.-5*W.7.5*H.7.5 m; a convcntional fivc-storcy building
(A/V: 0-36 L.20*W.18*H.16.5 m. ), and an eight-storey convcntional aparrmenr building with
A/v: 0.313 (favourable energy form ,L.20*w.14*Í1.27 m.). Thcse bui¡lings, dcsigncd for rhe
cold climate zone of Greece (Thessaloniki) were assumcd to be also suitablc lor construction in the
mild climate zone (Athens), and in lhe warm climatc zonc (Chania, Cretc). Thc shcll of the
buildings was considered to have 4,6,8 cm. thermal insulation, (glass-wool) or to havc none .The
gcometric data, the thermal characteristics, and the climate data of thc ttlrcc urban spaccs, arc
presented in table l.
In the first stage of the study, simulations were carricd out for all the climatic cascs and all
possibilities of thermal insulation of the shell of the thrce buildings, by using a computcr
programme in order, to determine fheir thermal behaviour (ng.2). It should bc cspccially notcà that
the verifìcation of the programme resull.s was chcckcd by tcmperature mcasurcmcnß and annual
registers of consumption (24 tons oil) in the existing uninsulatcd 5-storcy builcting. Thc rcsults
from the comparison are considered to be vcry satisfactory. (dcviation inthc ordcr ol 7Vo)
The second stage comprised a cost-benefit analysis, for all the altcmative cases invcstigarcd in thc
earlier, stage of thermal analysis. The totally uninsulated building was rakcn as a basc of
comparison for thc calculations. The aim was thc evaluation of thc solutions also with rclcrencc to
economic criteria, so that, for each climate zone and building, the optimum solution (table 2) could
be proposed. The economic analyses wcre bascd on the existing 6 dynamic cconomic mcthods,
which were applied by means of a special computer programme. In table 2, onty the results from
the mel.hods " Net Benefils-Benefits Costs- B-C" and "Discount. Pay-back D.P.B." are indicativcly
presented, taking into account all the cash in- and outflows, that come from thc energy-saving
mcasures during the life cycle of the building. A sensitivity analysis was also attcmptcd, forthe
two most unstable parameters ("I" :interest rate, (vo),"L": incrcase of cnergy cost (%) ), by
assuming possible altemaLivc valucs. The shaded areas (tablc 2) , relcr to rcsults, with valucs of"I" and "L", that are valid today in Greece, based on which the choice of the optimum economic
solution could be tealizr;d.

TABLE : I Geometric data, thermal characteristics of the buildings, and climatc conditions of thc
thrce climate zones in Grcece

2-STOREY PASSIVE SOTÀR BIIIL
r¡n

a6

4cm I 6"-

I

ç.STONEY îOWTM RIIII N

6cm I 8cm6cn I ¡rm

¡

lìcmSTI ELLS TH ERMÄL h"SI]LATION

TET ÆAT LOAD f KS'htrzAI ITE

-hH

--1ffi

il

7(

rj
T

..lrt¡.

t

I

Fiorrre 1 Þ¡csivo cnlrr ?-ctnrcv hnusp desioned fnr mountain in the colrl climate zo



(t
tr

{
L'

Õ
-lF

o\
:tô 3a l- z l- (t U

' F tr
l (t c F

j U
)

x ã N E

ñ N
J

Þ

sÉ
.

H
O Þ ct

t É Þ
dl

^ llx

C
R

6s
H

E
A

T
I.o

A
D

x +

t!
Þ

¡

¡.

ø
Lf

fi 
W -l

>
=

>
t

zi
1 

?
;ã

3
z x

=
 =

's
 

rl
ñ 

3 
áq

3
L.

Ð

ùo
 

$ 
J.

"
- 

b.
+

l')
ðo

-
:1

.¡
 

o.
? 

oã
¡

É
 

.a
,5

aü
ä 

E
ã-

=
H

oz
-=

=
9.

ãç
t

5i
d 

Õ
 å

Ø
.. 

=
N

.5
 

5
ô 

-lõ
 

ô
O

 
5Ø

 
(Þ

S
ot

c
15

Ío
-

ã 
¿

a 
E

.

-*
(D

.:+
v@

-J
É

 
ã 

-.
(lc

l
55

rØ
oi

ão
j 

É
E

 
3

*ç
 5

 3
.J

ìã
 P

 È
:l 

Ð
^a

Þ
:¿

E
 

ô 
(Þ

=
$ 

É
9-

d

-i 
N

 
=

+
rL

.=
õ 

-.
:J

:
- 

ro
a 

=
ò 

Ê
.^

 o
ã 

d 
#'

-:
.

-Q
:l 

Þ
u¡

aä
 

c.
I 

-a
 

C
¡

9 
ô;

i+
åñ

eã
/â

 
=

i(0
rã

c)
 

ô
tl:

 
ô 

;.
ñ:

i3 _-
(D

oo
N

5 
äO

ùa
æ

5
o:

t(
Þ

r(
3Ø

to
t.

ga
ln

s
Þ

N
E

T
H

E
¡$

I.O
A

D

!E
b=

oô
E

r 
a

g:
ts

èB
F

E
tE

65
êã

 
E

æ
rô

Jo
 

E
Þ

É

-T -s
as

S
ga

æ .)

tÞ (¡
a vt ã o ct È O
Q

Þ
ù

t..
ì::
I'

.{
T

¡
l-

V
)

(Þ T
Q

I

tD

I

Þ
I'

,t- rL ùl

F

È

u, o (D (t È

ts

{ {

!') l.J ô (.
/) -l cÚ r¡ z L¡
I -ì z - U
)

(/
) rn U
) - t: -j U
)

O
e¡

<
hl

+
O

 
Ê

¡ 
ò'

'.=
=

i-
ãË

 ã
 á

ã 
¡.

 =
'P

=
_8

=
z

- 
ÌJ

 5
c¡

F
r 

-.
c)

 
-

6Ø
-o

q
.=

Þ
 

!l
-ô

 
(Þ

 o
Þ

J 
=

 
=

.-
I 

i.ä
a

-J
Ø

1 ^Ø
Ò

-
=

,é
 

Ø
 

d

q'
ã 

9,
 ö

F
Y

(Þ
Ð

:J
 =

(¡
<

i
9o

ão
-

$Ë
 l5

3 
=

äÉ
'n

ã 
-=

Ç
^o

'(¡
ãi

í 
r 

=
ô 

l.=
ñ'

ã3
(ù

;
ll 

c 
N

k
ùd

 
=

-(
] 

Õ
<

:9
¡i

E
 ä

ñ'
e

-.
 ã'

g 
a

F
Ja

d

çr
 g

'T
 +

É
!.Ê

æ
f 

3<
 

g

áa
 tå

Ë
 f.

# 
q

io
 *

+
 

O
rÈ

5-
ã 

ao
 

-
H

-Ø
- &
3ä

i
d-

cË
J

:1
 <

 
Þ

<
rÐ

Ø
o

Ë
.ô

 
O

 z
,

1.
54

5.
1 

l0
3.

53
3.

33
0

36
5.

00
r

92
8.

5¡
5

Li
14

6/
o

22
9.

û7
58

7.
40

t
1.

10
1.

14
0

Li
A

Y
"

t.9
86

.7
20

1.
3T

1.
68

0
3.

95
32

40
6.

5&
.2

20
L'

:m
/"

2.
62

3.
W

4.
60

5.
46

0
u1

4o
/o

G
2.

S
T

O
R

E
Y

 Iì
U

IL
D

IN
3.

91
4.

98
0

10
.6

09
.8

m
23

;il
3;

tW
22

.7
69

.4
û

48
9.

0r
4

4.
t6

8.
07

0
11

.4
19

.4
m

5.
39

ó3
00

6.
07

5J
90

2.
r0

0ó
ó0

t7
.9

63
2m

2.
n8

.4
90

21
.0

62
80

0
6.

2U
.4

70
30

.4
4t

5-
S

T
O

R
E

Y
 B

U
IL

D
IN

G
.2

52
5æ

2.
@

7.
ot

o
I

10
.2

37
.3

00
Lt

14
/"

4.
38

5i
70

,8
"/

"

I
5.

61
5.

y2
0

79
9,

80
0

L:
14

o/
o

l.l
 1

E
.7

90
7.

36
3.

62
0

7.
37

3.
86

0
17

.3
83

20
0

74
.3

40
.9

00
Li

ñ/
"

8
3.

27
22

û
12

.7
29

.W
Lt

14
/"

S
.S

T
O

R
E

Y
 B

A
IL

D
IN

G



708

4. Conclusions

4.1 CONCLUSIONS FROM THE THERMAL ANALYSES (fig.2 , tab. 3 )

Table 3.Indicative summary results.The shadcd area refers to thc base of comparison.

The thermal analysis results conhrm what is alrcady known , that

-the more favourable the outdoor climate conditions are

-lhe stronger the pæsive protection of lhe shell is and

-the more favourable the form of the building is, from the cncrgy aspcct,

the greater the percentage cover of the total thermal losses, by the thcrmal gains,(with conductivity
and ventilation). (tab.3 ,8-storey building., row 3, Scm.therm.insul., in the 3 C.Z.)
Therefore, in mild and warm zones, energy autonomous buildings could þ very easily achicved..

In cold zones the total gains can cover 42-567o of lhe 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 southem oricntation.
The energy saving, with respect to the dcgrec o[ insulation of the shcll and indcpcndcnt o[ the

climatic zone, is, in the conventional 8-storey and 5-storcy building, bctwcen 59Vo-68Vo, whcreas

in the passive solar 2-storey building it is betwccn 74Vo-827o. (rab.3)

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

In many cases, and especially in the mulüstory buildings, in lìe warm climal.ic zonc the uninsulated

building shows a lower life cycle cost compared to the insulal.cd one, and hencc result negative

benefit values. (0 in table 2).

Using the "I" and "L" values valid for Greece today, and lor all the thrcc buildings, the cconomical
optimum solution for the cold climatic zone is shown to be the strong insulation of 8 cm, for the

mildclimaticzone 6cm,whereæforthewarmclimaticzone 4cmofshellinsulation.
In multistory buildings particularly, the discountcd pay-back period increases, successively from

the cold to the warm C.Z.,hence the optimum solution must be dctcrmined with the additional
consideration of the results by the "B-C" method.

The passive two-storey building shows a very restrictcd pay-off pcriod, espccially in the cold C.Z.
(up to 3 years in the most unfavourable case), an cncouraging factor for making additional
investment in energy-saving metusures in buildings of this scale, and es¡lecially for the application
of oassive solar svstems.
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