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1 Introduction

According to data from German Ministry of Economy [1], 
in 2000 the primary energy demand of the FR Germany 
amounted to 14278 PJ or 3966 TWh (primary energy 
consumption world-wide in 2000: approx. 410 EJ). The 
contribution from Renewable Energy Sources amounted 
in Germany that time totally only 2%. During the same 
period, Germany shared 4% of the anthropogenous emis-
sion of the greenhouse gas CO2 (24 Gtons per year world-
wide), while owning only 1.4% of the world’s population 
(82.3 mill. capita). 

Furthermore, in 2000 in Germany the fi nal energy 
consumption amounted to 9197 PJ or 2555 TWh. The 
private sector shared 27.7% of the final energy con-
sumption. Figure 1 shows that 78% of the private fi nal 
energy were consumed for space heating, 11% for hot 
water supply [2]. Thus, around 2000 the German private 
households consumed approximately 550 TWht for space 
heating. Still the main part is supplied by centralised or 
individual heating systems. As specifi c gross consumption 
of old-standard buildings, approximately 250 kWh/(m2*a) 
of fi nal energy (including warm water and losses) can be 
taken into account. 

Figure 1: Final energy consumption of private households in 
Germany in 2001 [2].

In 2002, in Germany the “Energieeinsparverordnung 
EnEV” was passed by the German Parliament [3] combin-
ing the standards of insulation and heating installations. A 
low-energy standard was fi xed for new buildings, annually 
demanding 70 kWh/(m2*a) of useful energy with respect 
to German standard climatic conditions:
heating-degree days  Gt,19,10 = 2900 Kd/a,
– inner temperature  θi = 19°C
– heating-end temperature  θe,HE = 10°C
– duration of the heating period  nd;HP = 185 d/a
Some adaptation of existing building to new standards is 
obligatory, too. Comparing to the state of the art, 

– the drastic lowering of the specifi c energy consumption 
(= RUE) is very effective and the fi rst step followed by 

– the application of Renewable Energy Sources (RES)
According to these data, taking a specifi c annual heat 
demand of 70 kWh/(m2*a) for space heating plus 12.5 
kWh/(m2*a) for hot water into account, by the measures 
of “Rational Use of Energy” (RUE) the German fi nal en-
ergy demand in the private sector could be reduced by 
minimum 300 TWh annually (same as around 30 bill. 
norm-m3 of natural gas). As second step, the applica-
tion of “Renewable Energy Sources” in private buildings 
can furthermore decrease the demand for fossil fuels. 
Totally, all those measures may result into a potential 
to save up to 100 mill. tons of CO2 emission annually 
in Germany. 

This paper is to propagate energy conservation as an 
important tool to save primary energy consumption, in 
order
– to reduce the import of fossil fuels and thus to strength-

en the domestic economy, and 
– to reduce the emission of the greenhouse gas CO2. and 

thus to decrease the climatic effect.
By application of eco-balancing methods and the rules of 
EnEV 2002, the saving of primary energy and the related 
energy pay-back time (EPBT) will be estimated after insulat-
ing 1 m2 of outer wall (of a private building) with 10 cm 
of rockwool. Two locations will be compared, (i) Potsdam/ 
Deutschland and (ii) Izmir/Türkiye.

2 Thermal Performance of Buildings

Before estimating the primary energy savings and their 
effect to the eco-balance, the thermal performance of 
buildings should be explained fi rst with special respect 
to the transmission heat losses (republished from [4], 
compare [3]).

The heat balance of a building is ruled by gains and 
losses and furthermore by the heat supply. Finally, it has 
to be defi ned which items have to be corrected and to be 
taken into account. Furthermore, it has to be distinguished 
clearly between fi nal energy and useful energy.

2.1 Losses by Transmission and Ventilation
Whenever the inner air temperature θi of a building ex-
ceeds the outer air temperature θe, the building looses heat 
by transmission through all construction units covering 
the building such as walls, roof and/or ceiling, fl oor and 
windows. The losses depend on the heat transmission 
coeffi cient U (in W/[m2*K]), 
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         1                       1
U = ------ = -------------------------------  (1)
         R          Rs,i + ∑(dj/λR,j) + Rs,e

the area Aj and the position (see (1)). Thus, losses through 
construction units not touching the outer air but lateral 
and unheated parts of the building are lower and have to 
be corrected by the factor Fx,j. Summarizing all construction 
units of a single building including heat bridges (ΔUHB), the 
loss dQT/dt (in W) affected by the temperature difference 
Δθ can be calculated using equation (2):

dQT/dt = (∑[Uj*Aj*Fx,j] + ΔUHB*∑Aj) * Δθ  (2)
                         j                                                 j

Where construction units are joining, buildings are chan-
ging air by ventilation with the environment and thus are 
loosing heat. Furthermore, opening the windows and the 
doors causes ventilation. The volumetric heat capacity of 
air cair amounts to 0.34 Wh/(m3*K). The volume of the air 
Vair fi lling a building amounts to 
– 3/4 to 4/5 of the outer volume. 
The air change rate should be 
– 0.5 to 0.7 per hour, 
usually old buildings have a higher change rate. Thus, the 
ventilation heat loss dQV/dt is:

dQV/dt = cair * n * Vair * Δθ (3)

2.2 Gains from Internal Sources and Solar 
Illumination

To overcome those losses, buildings gain heat not only 
from the heater but also from internal and solar sources.

Internal heat gains derive from persons and electric 
and other consumers within the heated zone. Taking a 
(total area specifi c) heat fl ow dqi/dt such as
– 6 W/m2 in commercial buildings or
– 5 W/m2 in private buildings 
into account, the internal gains can be calculated (4).

dQi/dt = dqi/dt * Ause  (4)

The infl uence of body-heat is higher in private buildings 
and might reach 25-50% of the internal gains. It can be 
estimated that the usable share of the electric consumption 
plus the body-heat nearly is equal to the measured electric 
consumption in private households.

The second source of heat is the solar radiation, which 
enters seasonally varying the building - mainly through 
translucent glassing but also partly through opaque con-
struction units. The solar gains dQS,t/dt through all windows 
of a building (translucent) depend on the orientated specifi c 
intensity of the solar radiation IS,or and the window proper-
ties as transmissivity of the glassing g, area AW, the latter 
corrected due to e.g. geometry and frames (factor Fcorr):

dQS,t/dt = ∑(IS,or*∑[Fcorr*g*AW])  (5)
              j              j

2.3 Heat Balance of a Building
Summarizing all losses (corrected by the factor rT for 
the reduction of the inner air temperature) and gains 

(corrected by ηS or ηi) during a period e.g. of one day, 
the energy budget within this period can be calculated 
and the additional periodical heat demand Qh can be 
estimated. 

Qh = rT*(QT+QV) − (ηS*QS+ηi*Qi)  (6)

For instance annual or monthly heat balances can be cal-
culated in this way. Simplifying it, the heat demand during 
a period of observation consists of the difference of losses 
Ql and gains Qg (rT and η can be taken as 0.95):

Qh = rT*Ql − η*Qg  (7)

Replacing the annual heat losses by the specifi c heat loss 
coeffi cients HT and HV (in W/K) and implementing the 
heating-degree days Gt (see (9)) the following formula is 
gained:

Qh = rT*f*Gt*(HT+HV) − η*(QS+Qi) = 

0.95*0.024 kh/d*Gt*(HT+HV) − 0.95*(QS+Qi)  (8)

Gt = ∑(nd,θ(a),j*[θi−θe])   (9)
                               j

 Gt,20,15:  Inner air temperature  θi = 20°C 
 Gt,20,15:  Heating end temperature  θHE =  15°C

3 Eco-balancing the Rockwool Insulation

3.1 Input Data Sets
As model object a small private building with the follo-
wing properties was taken into account (building: 1 m2 of 
its outer walls, heating system):

Building: single-occupancy house
Construction 
date: before 1950

Floor space: 200 m2 (net)
Before 
modernisation: qh,old ≥ 200 kWhth/(m

2*a); U (wall) = 1.36 W/(m2*K)

After 
modernisation: qh,new = 50 kWhth/(m

2*a); U (wall) = 0.31 W/(m2*K)

Heating system
Construction 
date: after 1995

Type: gas heater, “Brennwert”
Distribution: inside the heated area, radiators
System 
temperature: 55/45

Before 
modernisation: Primary energy factor eP,old = 1.1(-1.2)

After 
modernisation: Primary energy factor eP,new = 1.5

Table 1 shows the calculation of the heat transmission coef-
fi cient U for the vertical outer wall consisting of solid bricks 
with mortar cover (inside and outside) and occasionally 
insulation layer. According to the results, the transmission 
heat loss of the wall decreases down to 22.8% if insulated 
(without respect to heat bridges).
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Layer ρraw,j

kg/m3

dj

m
λR,j

W/(m*K)
Rs; d/λR

m2*K/W

Rs,i - - - 0,130

Mortar 1800 0.015 1,00 0,015

Bricks 1600 0.365 0,68 0,537

Rockwool 100 0.100 0,04 2,500

Mortar 1800 0.015 1,00 0,015

Rs,e - - - 0,040

Without insulation 1/U 0.737 U 1.357

With insulation 3.237 0.309

Table 1. Calculation of the heat transmission coeffi cient U of an 
vertical, outer building wall (adapted from [5]).

To evaluate the performance, three different climatic data 
sets had been taken into account, (i) reference climate 
Germany, (ii) Potsdam/Berlin climate (Germany), and (iii) 
Izmir climate (Türkiye). 

Location Reference D Potsdam D Izmir TR
Jan °C -1.3 -0.9 8.3
Feb °C 0.6 0.2 9.2
Mar °C 4.1 3.7 11.7
Apr °C 9.5 8.0 15.3
May °C 12.9 13.2 19.7
Jun °C 15.7 16.6 23.9
Jul °C 18.0 17.9 27.0
Aug °C 18.3 17.5 27.0
Sep °C 14.4 13.9 23.1
Oct °C 9.1 9.4 18.6
Nov °C 4.7 4.2 14.4
Dec °C 1.3 0.7 10.0
Year °C 8.9 8.7 17.4
Gt,20,15 Kd/a 3875 3989 1410
nd d 275 278 151
Gt,19,10 Kd/a 2900 3210 760
nd d 185 198 75

Table 2. Reference climates (long term monthly average of the daily 
mean outer air temperature, heating degree days and duration of 
the heating period, taken from [6], [7] and [8]).

Table 2 shows the monthly averages of the daily mean 
outer temperature, the heating-degree days and the dura-
tion of the heating period for the three climates.

3.2 Specifi c and Total Transmission Heat Losses 
and Primary Energy Demand

Taking the reference climate Germany from table 2 into 
account, HT (here for 1 m2: ≡ hT) is calculated according 
to (10)

HT = ∑[Uj*Aj*Fx,j] + ΔUHB*∑Aj  (10)
              j                                                j

with:
– Correction factor Fx,j = 1.0
– Surface area Aj = ∑jA j = 1 m2

– Heat bridge correction ΔUHB = const = 0.1 W/(m2*K)

Thus, for the old and new specifi c transmission heat loss 
the following results are gained:

hT,old = (Uj,old*Aj*Fx,j + ΔUHB*Aj)/Aj = 

(1.36 + 0.1) W/(m2*K) = 1.46 W/(m2*K) (11)

hT,new = (Uj,new*Aj*Fx,j + ΔUHB*Aj)/Aj = 

(0.31 + 0.1) W/(m2*K) = 0.41 W/(m2*K) (12)

The related, total transmission heat loss (old and new) 
within one heating period amounts to:

qT,old = rT*f*Gt,20,15*hT,old = 0.95*0.024 kh/d*

3875 Kd/a*1.46 W/(m2*K) = 128.7 kWh/(m2*a) (13)

qT,new = rT*f*Gt,19,10*hT,new = 0.95*0.024 kh/d*

2900 Kd/a*0.41 W/(m2*K) = 27.0 kWh/(m2*a) (14)

Thus, by the insulation the transmission heat loss is re-
duced down to 21.0%.

The related primary energy demand (old and new) 
amounts to:

qP,old = qT,old * eP,old = 128.7 kWh/(m2*a) * 1.1 = 

141.6 kWhPE/(m2*a) (15)

qP,new = qT,new * eP,new = 27.0 kWh/(m2*a) * 1.5 = 

40.5 kWhPE/(m2*a) (16)

By insulation, the reduction of the primary energy de-
mand amounts according to (17) to 101.1 kWhPE/(m2*a) 
(reduction down to 28.6%):

ΔqP = qP,old – qP,new = (141.6 – 40.5) kWhPE/(m2*a) = 

101.1 kWhPE/(m2*a) (17)

3.3 Primary Energy Content of Rockwool and 
Energy Pay-back Time

Adapting the data from [9], the primary energy content PEI 
of rockwool amounts to 17.5 MJ/kg. Respecting the 
– density of rockwool  ρ = 50 kg/m3 and 
– calculating  1 kWh = 3.6 MJ,

with

PEI = 17.5 MJ/kg ≡ 875 MJ/m3 ≡ 243 kWh/m3 (18)

and – respecting the thickness of d = 0.1 m of rockwool 
insulation – the area specifi c pei

pei = PEI * d = 243 kWh/m3 * 0.1 m = 24 kWh/m2 (19)

the energy pay-back time (EPBT) for the rockwool layer 
can be estimated to amount to

                pei           24 kWhPE/m2

EPBT = --------- = --------------------------- = 0.24 a (20)
               ΔqP      101.1 kWhPE/(m2*a)

without any respect to additional primary energy demand 
for mortar and additives.

3.4 EPBT for Rockwool Insulation in Potsdam 
and Izmir

Taking the data from tab. 2 for Potsdam and Izmir into 
account, the calculations in 3.2 and 3.3 (formulas (10) to 
(20)) were executed again on those data. 
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Tab. 3 shows the results comparing Potsdam in Germany 
and Izmir in Turkey (plus former results for the reference 
location Germany). Thus, it can be seen that the EPBT is 
a function vs. reciprocal specifi c heat demand. This ef-
fect is known from pre-insulated buildings: As lower the 
initial heat demand is, as longer lasts the (ecological and 
economical) amortisation of a insulation project. Never-
theless, every decrease of the primary energy consumption 
and costs is fi nally feasible. Finally, within half a year also 
in Izmir the PEI of the rockwool is amortisated. 

Location Reference D Potsdam D Izmir TR

Gt,20,15 Kd/a 3875 3989 1410

Gt,19,10 Kd/a 2900 3210 760

qT,old kWh/m2a 128.7 132.8 46.9

qT,new kWh/m2a 27.0 30.0 7.1

qP,old kWhPE/m2a 141.6 146.1 51.7

qP,new kWhPE/m2a 40.5 45.0 10.7

ΔqP kWhPE/m2a 101.1 101.1 41.0

EPBT a 0.24 0.24 0.59

Table 3. Input data set and results of total transmission heat losses 
(per m2), primary energy demand, its reduction and the energy pay-
back time, comparing reference location Germany, Potsdam/Germany 
and Izmir/Turkey (based on the climatic data from tab. 2)

4 Conclusions

Coservation of energy – also called as “Rational Use of En-
ergy” (RUE) – in private households provides a high poten-
tial for saving of energy. Still the consumption of buildings 
is too high and furthermore the contribution of RES is too 
low. Space heating shares e.g. in Germany still 40% of the 
fi nal energy consumption [10]. In private buildings, more 
than 4/5 of the energy consumption are heat.

Rational Use of Energy is a very effective tool to reduce 
the greenhouse gas emissions, to decrease the annual en-
ergy costs and furthermore it prepares the integration of 
Renewable Energy Sources. 

The planner who aims at optimizing the energy de-
mand of buildings should follow the two steps, 
(i) step 1 is to decrease the building’s demand and in-

crease the effi ciency of the heating system -  RUE 
– and then

(ii) step 2 is to apply Renewable Energy Sources -  RES.
The rules of the German EnEV can be applied suc-

cessfully on existing buildings (compare [11]. However, 
the up-coming EU directive 2002/91/EC [12] is expected 
to stimulate the development towards improving the 
standards also of the existing buildings. A building energy 
passport will be obligatory.

The results of the ecological balance give a clear 
evidence that insulation of outer walls can be an eco-
efffi cient and sustainable way to avoid emissions, if the 
work is properly done and convenient materials are used. 
Furthermore, from the view of the specifi c investment RUE 
measures often are very cost effi cient and convenient as 
fi rst step to reduce the emissions.

5 Summary

Taking for buildings a specifi c annual heat demand of 
70 kWh/(m2*a) for heating plus 12.5 kWh/(m2*a) for hot 
water into account, by the measures of “Rational Use of 
Energy” the German fi nal energy demand in the private 
sector could be reduced by 300 TWh annually (same as up 
to hundred Mtons of CO2) (a = year). 

This paper will summarize some data for Germany 
compared to Turkey and evaluate the ecological feasi-
bility of a 10 cm thick rockwool insulation of an outer 
building wall. The energy pay-back time for the locations 
Potsdam/Germany and Izmir/Turkey will be calculated 
and interpreted. 

Furthermore, this paper is to propagate energy con-
servation as an important tool (i) to save primary energy 
consumption, in order (ii) to reduce the import of fossil 
fuels and thus to strengthen the domestic economy, and 
(iii) to reduce the emission of the greenhouse gas CO2 and 
thus to decrease the climatic effect. 
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