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ABSTRACT
This paper presents a new methodology for calculation of hourly energy need, which is
incorporated in Croatian national Algorithms, used for energy performance certification of
buildings. In the paper, the simple hourly method from HRN EN ISO 13790 standard, used
for calculation of hourly energy need for heating and cooling, is demonstrated. Also, the new
approach for determining the energy need for mechanical ventilation, introduced in Algorithm
for calculation of the energy need in HVAC systems, is described. This new approach enables
use of demonstrated simple hourly method in the calculations of HVAC systems. The given
calculation examples are performed for a Croatian reference dwelling, equipped with two
different HVAC systems. The calculation results are compared against those obtained from
the quasi-steady state monthly method, also described in Algorithms.
KEY WORDS
energy need for heating and cooling, HVAC systems, energy performance certification of
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INTRODUCTION
One of the main goals of the Directive on energy performance of buildings (EPBD),
2010/31/EU, is the reduction of the primary energy consumption in buildings that accounts for
40% of total consumption in the EU. The Directive prescribes setting up a common procedure
for energy performance calculation provided within a number of CEN standards. One of them is
HR EN ISO 13790 “Thermal performance of buildings – Calculation of energy use for space
heating and cooling”. Standard covers three types of methods: a fully prescribed monthly
method, a fully prescribed simple hourly method and calculation procedure for detailed dynamic
simulation methods. The most popular was the monthly method, but over the years, it was
pointed out that the application of the monthly method would preclude the correct calculations in
buildings with air conditioning.
The existing hourly method described in the Croatian national Algorithm is very simplified and
easy to use, but has proved to be insufficiently accurate. The calculation procedure for the simple
hourly method given in HRN EN ISO 13790 [1] is due to dynamic interactions, complicated but,
however suitable to apply in spreadsheets.
After introducing the simple hourly method in the Croatian national Algorithm, the new
approach for determining the energy need for mechanical ventilation was developed by authors.

The new methodology is rather complicated as it requires iterative procedure for determining the
energy need for mechanical ventilation and the energy need for heating and cooling.
In the paper, this new methodology is described and case study of the energy needs for a
Croatian reference dwelling equipped with two different HVAC systems is presented. The results
are compared against those obtained by the existing methodology carried out on the monthly
basic.
SIMPLE HOURLY METHOD
The main goal of the simple hourly calculation method is to take into account the influence of
hourly and daily variations in weather, operations (solar blinds, thermostats, needs, occupation,
accumulation, etc.) and their dynamic interactions on heating and cooling energy need keeping
extra input, compared to the monthly calculation method, to a minimum. The simplicity of the
method is maintained through the calculation of the heat transfer coefficients and the internal and
solar heat gains as done in the monthly method.
Description of the 5R1C model
HRN EN ISO 13790 standard presents a full description of a simple hourly method based on an
equivalent resistances and one capacitance (5R1C) network model of a building (zone). The
thermal-electrical analogy is based on the similarity between electric current and heat flux.

Figure 1. 5R1C thermal model of building [1]
The heating or cooling power �𝜙𝐻𝐻,𝑛𝑛 � is supplied to or extracted from the internal air node
(𝜗𝑎𝑎𝑎 ) to maintain a certain set-point indoor air temperature: 𝜗𝑖𝑖𝑖,𝐻,𝑠𝑠𝑠 for heating or 𝜗𝑖𝑖𝑖,𝐶,𝑠𝑠𝑠
for cooling.
The heat flow rates due to internal heat sources (𝜙𝑖𝑖𝑖 ) and due to solar heat sources (𝜙𝑠𝑠𝑠 )
are split into three parts. These are: 𝜙𝑖𝑖 , 𝜙𝑠𝑠 and 𝜙𝑚 , connected to the indoor air (𝜗𝑎𝑎𝑎 ), the
internal surface (𝜗𝑠 ) and the thermal mass (𝜗𝑚 ) temperature nodes, respectively.

The heat transfer coefficient by ventilation (𝐻𝑣𝑣 ) is connected with the supply air temperature
�𝜗𝑠𝑠𝑠 � and the internal air temperature (𝜗𝑎𝑎𝑎 ). For the purposes of the energy performance
certification of buildings in Croatia where energy need for heating or cooling �𝜙𝐻𝐻,𝑛𝑛 �should
obtain energy requirements of HVAC and room system mutually, the supply air temperature
�𝜗𝑠𝑠𝑠 � is equal to the external air temperature (𝜗𝑒 ).

𝐻𝑡𝑡,𝑤 is the transmission heat transfer coefficient for windows and doors, taken as having zero
thermal mass. The transmission heat transfer coefficient for opaque elements �𝐻𝑡𝑡,𝑜𝑜 � is split
into the external �𝐻𝑡𝑡,𝑒𝑒 � and the internal �𝐻𝑡𝑡,𝑚𝑚 � part, connected to the single thermal
capacity (𝐶𝑚 ), representing the building (zone) thermal mass. The internal air node (𝜗𝑎𝑎𝑎 )
and the internal surface node (𝜗𝑠 ) are connected through the coupling conductance 𝐻𝑡𝑡,𝑖𝑖 .
Calculation of the “new” heat transfer coefficients

The internal part �𝐻𝑡𝑡,𝑚𝑚 � of the transmission heat transfer coefficient for opaque elements
�𝐻𝑡𝑡,𝑜𝑜 � is calculated as
(1)

𝐻𝑡𝑡,𝑚𝑚 = ℎ𝑚𝑚 ∙ 𝐴𝑚 [W/K]

where:
- ℎ𝑚𝑚 is the heat transfer coefficient between nodes m and s, with fixed value of 9,1
W/m2K
- 𝐴𝑚 is the effective mass area, expressed in square meters, obtained from Table 1.
- 𝐴𝑓 is the conditioned floor area, expressed in square meters
Table 1. Default values for dynamic parameters [1]
Class
Am
(m2)
Very light
Light
Medium
Heavy
Very heavy

2,5 ∙ 𝐴𝑓
2,5 ∙ 𝐴𝑓
2,5 ∙ 𝐴𝑓
3,0 ∙ 𝐴𝑓
3,5 ∙ 𝐴𝑓

The external part �𝐻𝑡𝑡,𝑒𝑒 � of the transmission heat transfer coefficient for opaque elements
�𝐻𝑡𝑡,𝑜𝑜 � is calculated as
𝐻𝑡𝑡,𝑒𝑒 =

1

1

1

𝐻𝑡𝑡,𝑜𝑜 − 𝐻𝑡𝑡,𝑚𝑚

[W/K]

(2)

The thermal coupling conductance 𝐻𝑡𝑡,𝑖𝑖 that connects the internal air node (𝜗𝑎𝑎𝑎 ) and the
internal surface node (𝜗𝑠 ) is obtained by
𝐻𝑡𝑡,𝑖𝑖 = ℎ𝑖𝑖 ∙ 𝐴𝑡𝑡𝑡 [W/K]

(3)

where:
- ℎ𝑖𝑖 is the heat transfer coefficient between internal air node (𝜗𝑎𝑎𝑎 ) and the internal
surface node (𝜗𝑠 ), with a fixed value of 3,45 W/ m2K
- 𝐴𝑡𝑡𝑡 is the area of all surfaces facing the building zone, equal to 𝐴𝑎𝑎 ∙ 𝐴𝑓 , [m2]
- 𝐴𝑎𝑎 is the dimensionless ratio between the internal surface area and the floor area,
equal to 4,5, [-]
Calculation of the heat flows from the internal and solar heat sources
The heat flow rates from internal (𝜙𝑖𝑖𝑖 ) and solar (𝜙𝑠𝑠𝑠 ) heat sources are split between the
indoor air (𝜗𝑎𝑎𝑎 ), the internal surface (𝜗𝑠 ) and the thermal mass (𝜗𝑚 ) temperature nodes as
follows:
(4)
(5)

𝜙𝑖𝑖 = 0,5 ∙ 𝜙𝑖𝑖𝑖 [W]
𝐴
𝜙𝑚 = 𝐴𝑚 ∙ (0,5 ∙ 𝜙𝑖𝑖𝑖 + 𝜙𝑠𝑠𝑠 ) [W]
𝑡
𝐴𝑚
𝐻𝑡𝑡,𝑤
𝜙𝑠𝑠 = �1 −
−
� ∙ (0,5 ∙ 𝜙𝑖𝑖𝑖 + 𝜙𝑠𝑠𝑠 ) [W]
𝐴𝑡𝑡𝑡 9,1 ∙ 𝐴𝑡𝑡𝑡

(6)

Determination of the air temperature for given 𝝓𝑯𝑯,𝒏𝒏
The solution is based on a Crank-Nicholson scheme considering a time step of one hour. The
temperatures are the average over one hour except for 𝜗𝑚,𝑡 and 𝜗𝑚,𝑡−1 which are
instantaneous values at time 𝑡 and 𝑡 − 1.

For a given time step, 𝜗𝑚,𝑡 is calculated at the end of the time step from previous value 𝜗𝑚,𝑡−1
by:
𝜗𝑚,𝑡 =

𝐶𝑚
𝜗𝑚,𝑡−1 ∙ �3600
− 0,5 ∙ �𝐻𝑡𝑡,3 + 𝐻𝑡𝑡,𝑒𝑒 �� + 𝜙𝑚,𝑡𝑡𝑡
𝐶𝑚
+ 0,5 ∙ �𝐻𝑡𝑡,3 + 𝐻𝑡𝑡,𝑒𝑒 �
3600

with:

𝜙𝑚,𝑡𝑡𝑡 = 𝜙𝑚 + 𝐻𝑡𝑡,𝑒𝑒 ∙ 𝜗𝑒 + 𝐻𝑡𝑡,3
𝐻𝑡𝑡,1 =
𝐻𝑡𝑡,2
𝐻𝑡𝑡,3

1

∙

𝜙 +𝜙
𝜙𝑠𝑠 + 𝐻𝑡𝑡,𝑤 ∙ 𝜗𝑒 + 𝐻𝑡𝑡,1 ∙ � 𝑖𝑖 𝐻 𝐻𝐻,𝑛𝑛 + 𝜗𝑠𝑠𝑠 �

[W/K]
1
1
+
𝐻𝑣𝑣 𝐻𝑡𝑡,𝑖𝑖
= 𝐻𝑡𝑡,1 + 𝐻𝑡𝑡,𝑤 [W/K]
1
=
[W/K]
1
1
+
𝐻𝑡𝑡,2 𝐻𝑡𝑡,𝑚𝑚

𝐻𝑡𝑡,2

𝑣𝑣

(7)

[°C]

[W]

For the considered time step, the average values of nodes temperatures are given by:

(8)

(9)
(10)
(11)

𝜗𝑚 =
𝜗𝑠 =
𝜗𝑎𝑎𝑎

𝜗𝑚,𝑡 + 𝜗𝑚,𝑡−1
[°C]
2

𝐻𝑡𝑡,𝑚𝑚 ∙ 𝜗𝑚 + 𝜙𝑠𝑠 + 𝐻𝑡𝑡,𝑤 ∙ 𝜗𝑒 + 𝐻𝑡𝑡,1 ∙ �𝜗𝑠𝑠𝑠 +

𝐻𝑡𝑡,𝑚𝑚 + 𝐻𝑡𝑡,𝑤 + 𝐻𝑡𝑡,1
𝐻𝑡𝑡,𝑖𝑖 ∙ 𝜗𝑠 + 𝐻𝑣𝑣 ∙ 𝜗𝑠𝑠𝑠 + 𝜙𝑖𝑖 + 𝜙𝐻𝐻,𝑛𝑛
=
[°C]
𝐻𝑡𝑡,𝑖𝑖 + 𝐻𝑣𝑣

(12)
𝜙𝑖𝑖 + 𝜙𝐻𝐻,𝑛𝑛
�
𝐻𝑣𝑣

[°C]

(13)
(14)

Calculation procedure
For each hour the actual internal temperature (𝜗𝑎𝑎𝑎 ) and the actual heating or cooling need
�𝜙𝐻𝐻,𝑛𝑛 � is calculated using step wise procedure.
Step 1: Check if cooling or heating is needed.

Take 𝜙𝐻𝐻,𝑛𝑛 = 0 and calculate the internal air temperature (𝜗𝑎𝑎𝑎 ) according to the equations
in the previous chapter.
Name the resulting 𝜗𝑎𝑎𝑎 as 𝜗𝑎𝑎𝑎,0 (𝜗𝑎𝑎𝑎,0 is the temperature of free floating conditions).

If 𝜗𝑖𝑖𝑖,𝐻,𝑠𝑠𝑠 ≤ 𝜗𝑎𝑎𝑎,0 ≤ 𝜗𝑖𝑖𝑖,𝐶,𝑠𝑠𝑠 no heating or cooling is required so 𝜙𝐻𝐻,𝑛𝑛,𝑎𝑎 = 0 and
𝜗𝑎𝑎𝑎,𝑎𝑎 = 𝜗𝑎𝑎𝑎,0 , and no further calculations are needed.
If not apply step 2.

Step 2: Choose the set-point and calculate the heating or cooling need.
If 𝜗𝑎𝑎𝑎,0 > 𝜗𝑖𝑖𝑖,𝐶,𝑠𝑠𝑠 , take 𝜗𝑎𝑎𝑎,𝑠𝑠𝑠 = 𝜗𝑖𝑖𝑖,𝐶,𝑠𝑠𝑠 and 𝜙𝐻𝐻,𝑛𝑛 = 𝜙𝐻𝐻,𝑛𝑛,10 = −10 ∙ 𝐴𝑓 .

If 𝜗𝑎𝑎𝑎,0 < 𝜗𝑖𝑖𝑖,𝐻,𝑠𝑠𝑠 , take 𝜗𝑎𝑎𝑎,𝑠𝑠𝑠 = 𝜗𝑖𝑖𝑖,𝐻,𝑠𝑠𝑠 and 𝜙𝐻𝐻,𝑛𝑛 = 𝜙𝐻𝐻,𝑛𝑛,10 = 10 ∙ 𝐴𝑓 .
Apply equations in the previous chapter and name the resulting 𝜗𝑎𝑎𝑎 as 𝜗𝑎𝑎𝑎,10 .

Calculate unrestricted heating or cooling need �𝜙𝐻𝐻,𝑛𝑛,𝑢𝑢 � to reach the required set-point
temperature by:
𝜙𝐻𝐻,𝑛𝑛,𝑢𝑢 = 𝜙𝐻𝐻,𝑛𝑛,10 ∙

𝜗𝑎𝑎𝑎,𝑠𝑠𝑠 − 𝜗𝑎𝑎𝑎,0
𝜗𝑎𝑎𝑎,10 − 𝜗𝑎𝑎𝑎,0

(15)

Step 3: Check if available cooling or heating power is available.

If unrestricted heating or cooling need �𝜙𝐻𝐻,𝑛𝑛,𝑢𝑢 � is between 𝜙𝐻,𝑚𝑚𝑚 (maximum heating
power) and 𝜙𝐶,𝑚𝑚𝑚 (maximum cooling power) the actual heating or cooling power has been
determined 𝜙𝐻𝐻,𝑛𝑛,𝑎𝑎 = 𝜙𝐻𝐻,𝑛𝑛,𝑢𝑢 .

If the previous condition has not been satisfied the actual heating or cooling power is
determined by maximum available heating or cooling power.

To obtain the actual internal air temperature the equations in the previous chapter should once
more be applied with heating or cooling power �𝜙𝐻𝐻,𝑛𝑛 � equal to 𝜙𝐻𝐻,𝑛𝑛,𝑎𝑎 .
NEW APPROACH IN CALCULATING THE ENERGY NEED FOR MECHANICAL
VENTILATION

Primary objective of the Algorithm for calculation of the energy need in HVAC systems [2] is
the determination of the energy need for mechanical ventilation, which includes all energy
flows that occur during the air conditioning (moistening, dehumidifying, etc.), not only air
exchange rates. In the Algorithm, the calculation procedures for 12 different schemes are
provided, thus covering all the basic combinations of the air conditioning treatment.
The new methodology for determining the energy need for mechanical ventilation has been
introduced in the Algorithm, because the previously described method was only able to
estimate the energy need on the monthly basis. In the previous method, all the dynamic
parameters of the building envelope were contained in the utilization factor ηH,gn. For
example, a utilization factor for the internal and solar heat gains takes into account the fact
that only part of the these gains are utilized to decrease the energy need for heating, the rest
causes an increase of the internal temperature above the set-point. This approach, for
calculations of the energy need on the hourly basis, has not been proven as sufficiently
accurate.
The new method enables the use of the demonstrated simple hourly method in the calculations
of the HVAC systems. Essentially, these new approach, which enables the calculation energy
need of HVAC systems on the hourly basic, does not distinguish much from the previously
described procedure, still in use for calculation of energy needs of HVAC systems on the
monthly basis.
Description of the new approach
Strictly speaking, monthly and hourly methods distinguish only in the determination of the
necessary enthalpy difference and in the determination of energy need for the mechanical
ventilation.
The necessary enthalpy difference for covering the heat losses/gains is calculated as
- For monthly method (heating)
∆ℎ𝑜𝑜𝑜 =

3600 𝑄𝑡𝑡 + 𝑄𝑣𝑣,𝑖𝑖𝑖 + 𝑄𝑣𝑣,𝑤𝑤𝑤 − 𝜂𝐶,𝑙𝑙 ∙ 𝑄𝐶,𝑔𝑔
∙
∙ 𝑘𝑣 [kJ/kg]
𝑡
𝜌𝑎 ∙ 𝑉̇𝑚𝑚𝑚ℎ,𝑠𝑠𝑠

∆ℎ𝑜𝑜𝑜 =

3600 𝑄𝐶,𝑔𝑔 − 𝜂𝐶,𝑙𝑙 ∙ �𝑄𝑡𝑡 + 𝑄𝑣𝑣,𝑖𝑖𝑖 + 𝑄𝑣𝑣,𝑤𝑤𝑤 �
∙
∙ 𝑘𝑣 [kJ/kg]
𝑡
𝜌𝑎 ∙ 𝑉̇𝑚𝑚𝑚ℎ,𝑠𝑠𝑠

-

-

For monthly method (cooling)

(17)

For hourly method (heating)

∆ℎ𝑜𝑜𝑜 = 3600 ∙
-

(16)

𝑄𝐻,𝑛𝑛 − 𝑄𝐶,𝑣𝑣,𝑚𝑚𝑚ℎ
∙ 𝑘𝑣 [kJ/kg]
𝜌𝑎 ∙ 𝑉̇𝑚𝑚𝑚ℎ,𝑠𝑠𝑠

For hourly method (cooling)

(18)

∆ℎ𝑜𝑜𝑜 = 3600 ∙

𝑄𝐶,𝑛𝑛 − 𝑄𝐶,𝑣𝑣,𝑚𝑚𝑚ℎ
∙ 𝑘𝑣 [kJ/kg]
𝜌𝑎 ∙ 𝑉̇𝑚𝑚𝑚ℎ,𝑠𝑠𝑠

(19)

The energy need for the mechanical ventilation is obtained from
- For monthly/hourly method (heating)

𝑄𝐻,𝑣𝑣,𝑚𝑚𝑚ℎ =

𝜌𝑎 ∙ 𝑉̇𝑚𝑚𝑚ℎ,𝑠𝑠𝑠 ∙ �ℎ𝑜𝑜𝑜 − ℎ𝑒 − ∆ℎ𝑜𝑜𝑜 �
[kW]
3600

𝑄𝐶,𝑣𝑣,𝑚𝑚𝑚ℎ =

𝑄𝐶,𝑔𝑔 ∙ 𝑘𝑣 − 𝑄𝑐𝑐𝑐𝑐
− �𝑄𝑡𝑡 + 𝑄𝑣𝑣,𝑖𝑖𝑖 + 𝑄𝑣𝑣,𝑤𝑤𝑤 � ∙ 𝑘𝑣 [kW]
𝜂𝐶,𝑙𝑙

𝑄𝐶,𝑣𝑣,𝑚𝑚𝑚ℎ =

𝜌𝑎 ∙ 𝑉̇𝑚𝑚𝑚ℎ,𝑠𝑠𝑠 ∙ �ℎ𝑒 − ℎ𝑜𝑜𝑜 − ∆ℎ𝑜𝑜𝑜 �
[kW]
3600

-

-

(20)

For monthly method (cooling)

(21)

For hourly method (cooling)

(22)

In the above equations the required input parameters in the monthly method are building
physics and meteorological data, making the method very simple to use. Due the reason that
required input parameters in the hourly method are the results of other calculations (simple
hourly method) iterative procedures are necessary, making the method more complicated to
use.
HHC,ve,mech,in=0

HHC,ve,mech,in=HHC,ve,mech,out,i-1

Simple hourly method

ΦHC,nd
Determination of the
energy need for
mechanical
ventilation

i=i+1

QHC,ve,mech
Determination of the heat
transfer coefficient by
mechanical ventilation

HHC,ve,mech,out
NO

HHC,ve,mech,out,i-1=HHC,ve,mech,out

YES
ΦHC,nd

Figure 2. Algorithm for determining the heat transfer coefficient by mechanical ventilation
In the first step, the energy need for heating or cooling without the need for mechanical
ventilation is calculated. After that, the energy need for mechanical ventilation and heat
transfer coefficient by mechanical ventilation HHC,ve,mech,out, containing all the required energy
flows for supply air treatment, is determined. With the determined HHC,ve,mech,out the energy
need for heating or cooling is being recalculated and the new HHC,ve,mech,out. The procedure is
repeated until the heat transfer coefficients of the former and current step are equalized.
Calculation of the energy need for the mechanical ventilation
In the following text the calculation of the energy need for the mechanical ventilation on the
ground of a simple scheme is being explained (Figure 3.).

Figure 3. HVAC scheme (Scheme 4 in Algorithm) [2]

The calculation of the energy need for the mechanical ventilation starts with determining the
enthalpy of the outdoor and indoor air and calculating the required enthalpy difference for
covering the heat losses/gains.
ℎ𝑒 = 1,01 ∙ 𝜗𝑒 + 𝑥𝑒 ∙ (2501 + 1,86 ∙ 𝜗𝑒 ) [kJ/kg]
ℎ𝑝𝑝𝑝 = 1,01 ∙ 𝜗𝑖𝑖𝑖 + 𝑥𝑚𝑚𝑚ℎ,𝑠𝑠𝑠 ∙ (2501 + 1,86 ∙ 𝜗𝑖𝑖𝑖 ) [kJ/kg]
3600 𝑄𝐻𝐻,𝑛𝑛 − 𝑄𝐻𝐻,𝑣𝑣,𝑚𝑚𝑚ℎ
∆ℎ𝑜𝑜𝑜 =
∙
∙ 𝑘𝑣 [kJ/kg]
𝑡
𝜌𝑎 ∙ 𝑉̇𝑚𝑚𝑚ℎ,𝑠𝑠𝑠
Then, the enthalpy of the supply air is determined.
ℎ𝑚𝑚𝑚ℎ,𝑠𝑠𝑠 = ℎ𝑝𝑝𝑝 ± ∆ℎ𝑜𝑜𝑜 [kJ/kg]

After knowing the state of the supply air after the each component in air handling
energy consumption of heater/cooler and the energy need for mechanical ventilation
calculated as
𝜌𝑎 ∙ 𝑉̇𝑚𝑚𝑚ℎ,𝑠𝑠𝑠 ∙ �ℎ𝑚𝑚𝑚ℎ,𝑠𝑠𝑠 − ℎ𝑒 � ∙ 𝑡
𝑄ℎ𝑒𝑒𝑒𝑒𝑒/𝑐𝑐𝑐𝑐𝑐𝑐 = max �0; �
�� [kW]
3600
𝜌𝑎 ∙ 𝑉̇𝑚𝑚𝑚ℎ,𝑠𝑠𝑠 ∙ �ℎ𝑚𝑚𝑚ℎ,𝑠𝑠𝑠 − ℎ𝑒 ∓ ∆ℎ𝑜𝑜𝑜 � ∙ 𝑡
𝑄𝐻𝐻,𝑣𝑣,𝑚𝑚𝑚ℎ =
[kW]
3600
1000 ∙ 𝑄𝐻𝐻,𝑣𝑣,𝑚𝑚𝑚ℎ
𝐻𝐻𝐻,𝑣𝑣,𝑚𝑚𝑚ℎ =
[kW/K]
(𝜗𝑖𝑖𝑖 − 𝜗𝑒 ) ∙ 𝑡

(23)
(24)
(25)

(26)
unit the
is being
(27)
(28)
(29)

CALCULATION EXAMPLE

The Calculation procedure is applied to the examples of two different HVAC systems (Schemes
4 and 8 in Algorithm) [2]. The first analyzed system (Fig 3.) consist of air handling unit
equipped with air filter, heater, cooler. The second analyzed system (Figure 4.) consists of air
handling unit with additional heat recovery unit.

Figure 4. HVAC scheme (Scheme 4 in Algorithm)[2]
Previously mentioned HVAC systems are used for space heating and cooling purposes in the
reference (typical) dwelling house assumed to be insulated with 10 cm of EPS. The overall
surface area of the dwelling is A=120 m2 and heated (cooled) surface area is Ak=110 m2. It has
been assumed that heat transfer coefficient by infiltration and window opening accounts for
Hve,inf+win=44,3 W/K (n=0,5 h-1). In the provided calculation example, the constant supply air
flow rate of 482,6 m3/h has been selected. In the example the climatic data for the City of
Zagreb are being used.
RESULTS
Fig 5., 6. and 7. present calculation results of hourly energy need for heating and cooling of two
analyzed HVAC systems for the characteristic day in a month. Fig 8. shows the effect of the
dehumidification on increasing the overall hourly energy need. Fig 9. and 10. present the

comparison of the monthly energy need of the analyzed HVAC systems obtained by monthly
and hourly method.
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Figure 5. Energy need for heating - January
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Figure 6. Energy need for heating – March
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Figure 7. Energy need for cooling - July
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Figure 8. Energy need for cooling - July

Monthly method - heating

Hourly method - heating

Monthly method - cooling

Hourly method - cooling

6000
5000

Energy need [kWh]

4000
3000
2000
1000
0
-1000

1

2

3

4

5

6

7

8

9

10

11

12

11

12

-2000
-3000

Month

Figure 9. Monthly energy need for heating/cooling (Scheme 4)
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Figure 10. Monthly energy need for heating/cooling (Scheme 8)
As figure 9. and 10. show, monthly and hourly method predict similar energy need for heating
(difference on annual basis are less than 10%). Greater differences occur in the transitional
period (up to 100%) where the monthly method clearly overestimates the energy need for
heating. In some months the energy need for cooling obtained by two methods distinguish a

lot (more than 100%), due to the averaging of the climate data, especially moisture content
(September). This is also the main reason why monthly method has a limited accuracy the
calculations of building energy needs, especially buildings equipped with air conditioning
system.
CONCLUSION
The new methodology for the calculation of the energy need for heating and cooling,
incorporated in Croatian national Algorithms is presented. The simple hourly method from
HRN EN ISO 13790 standard and the new approach for determining the energy need for
mechanical ventilation, that enables the use of the simple hourly method in calculation of
HVAC systems, is described.
The results of calculations performed for the reference Croatian dwelling equipped with two
different HVAC systems is shown. Also, the increase of energy need due to the
dehumidification has clearly been demonstrated.
Furthermore, the comparison against the results of the energy need obtained by monthly
method has been carried out. The performed comparison proved that the monthly method is
not sufficiently accurate to determine the energy need for cooling, due to the averaging of the
climate data, especially moisture content.
NOMENCLATURE
𝑄𝑡𝑡

𝑄𝑣𝑣,𝑖𝑖𝑖

Heat transfer by transmission, [kWh]
Heat transfer by ventilation due to infiltration, [kWh]

𝑄𝑣𝑣,𝑤𝑤𝑤

Heat transfer by ventilation due to window opening, [kWh]

𝑄𝐻𝐻,𝑛𝑛

Energy need for heating or cooling, [kWh]

𝑄𝐻𝐻,𝑣𝑣,𝑚𝑚𝑚ℎ
𝜂𝐻,𝑔𝑔
𝜂𝐶,𝑙𝑙
𝑘𝑣
ℎ𝑒

Energy need for mechanical ventilation, [kWh]
Utilization factor for heat gains, [-]
Utilization factor for heat losses, [-]
Heat load part covered by mechanical ventilation, [-]
External air enthalpy, [kJ/kg]

ℎ𝑜𝑜𝑜

Outlet air enthalpy, [kJ/kg]

ℎ𝑚𝑚𝑚ℎ,𝑠𝑠𝑠

Supply air enthalpy, [kJ/kg]

ℎ𝑝𝑝𝑝

Indoor air enthalpy reduced to the supply air moisture content, [kJ/kg]

𝑉̇𝑚𝑚𝑚ℎ,𝑠𝑠𝑠

Air flow rate, [m3/h]

𝑥𝑚𝑚𝑚ℎ,𝑠𝑠𝑠

Supply air moisture content, [kgw/kgair]

𝑥𝑒

External air moisture content, [kgw/kgair]

REFERENCES
1. EN ISO 13790:2008 Energy performance of buildings – calculation of energy use for space
heating and cooling
2. Damir Dović, Algorithm for calculation of the energy need in HVAC systems:2015

