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Abstract

The ISO 13790 standard presents two quasi-stationary calculation methods for including greenhouse
systems in the evaluation of a building’s energy balance — a detailed and a simplified method. These
adopt different assumptions with regard to solar gains in sunspace and in adjacent heated rooms; thus, the
calculation results of the internal temperature of the sunspace and the energy demand in heated spaces may
differ. This work presents the comparison of energy effects achieved due to the sunspace in an example
living space, calculated by means of both quasi-stationary methods and more accurate dynamic simulations
with an hour time step. Analysis of the results obtained by means of the described methods has enabled the
identification of the advisable range of each of the calculation methodologies.
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Streszczenie

Norma ISO 13790 prezentuje dwie metody uwzgledniania systeméw szklarniowych w bilansie
energetycznym budynku — metode pelng i uproszczona. Oparte s one na réznych zalozeniach dotyczacych
modelowania zyskow stonecznych w szklarni i przyleglych pomieszezeniach mieszkalnych, tak wiec wyniki
obliczen temperatury wewnetrznej i zapotrzebowania na cieplo moga sie rozni¢. W artykule poréwnano
efekty energetyczne uzyskane dzigki zastosowaniu szklarni przylegajacej do przykladowego pomieszczenia
mieszkalnego, wyznaczone za pomoca obu metod quasi-stacjonarnych i bardziej dokladnego modelowania
dynamicznego z krokiem godzinowym. Analiza wynikéw pozwolita na zaproponowanie zalecanego zakresu
stosowania kazdej z metod obliczeniowych.

Stowa kluczowe: pasywne systemy szklarniowe, ISO 13790, symulacje dynamiczne, zapotrzebowanie na energie




1. Introduction

Greenhouse systems are an important element of energy-efficient architecture oriented for
the passive use of solar radiation [3, 7]. The non-heated sunspace influences the transmission
of energy in a building, reducing heat loss from adjacent rooms. In order to adequately
estimate the potential gains connected with the use of a greenhouse system, it is necessary
to properly take it into account the energy balance of the building. One of the possibilities
for carrying out such analyses is the methodology included in the ISO 13790 standard [S].
Quasi-stationary methods designed for the purpose of engineering calculations are based
on the assumption of there being a steady heat flow through the constructional partitions.
Calculations are carried out using climatic parameters averaged for lengthy periods of time
(usually one month) and the phenomena connected with the dynamic processes such as heat
accumulation and release are taken into account due to the introduction of a dimensionless
gain utilisation factor.

The E enclosure of standard [S] includes two calculation methods for sunspaces — the
detailed method and the simplified version - these differ in their basic assumptions as well
as the manner in which they take into account the solar gains within the confines of the
sunspace area and the adjacent heated spaces. The work presents the comparison of energy
effects achieved as a result of a sunspace in an example living space, calculated by means of
both methods relating to the quasi-stationary state and more accurate dynamic simulations
with an hour time step. The results have enabled establishing the advisable range of each of
the calculation methodologies.

2. ISO 13790 methodology
2.1. Calculating heat gains from the sunspace - the detailed method

The method presented in standard [ 5] is only relevant for sunspaces without either heating
or cooling. Heat losses through partition walls between the living space and the sunspace are
determined whilst taking into account the temperature correction factor b,, which refers to
heat release to an area with a higher level of temperature than the outside temperature. The
influence of solar gains upon the sunspace temperature 6_is not taken into account; only
heat transmission through the partition wall and the sunspace casing is considered. This is
compensated for by taking account of the indirect solar gains from the sunspace Q_ in the
energy balance of the living space. The temperature correction factor is calculated as:
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where:

0, — internal temperature in the heating period [°C],

8, - average external temperature during the calculation period [°C],

6. - average internal temperature in the sunspace during the calculation period [°C],
H,_ - heat transfer coefficient of the partition wall between the living space and the

sunspace [W/K],
— heat transfer coefficient of the sunspace envelope to the outside [W/K].
Heat galns in the heated part of the building Q  [MJ] obtained through the sunspace are
treated as the sum of direct Q , and indirect Q_ gains:

st = Qsd + Qsi (3)

Direct heat gains reach the air-conditioned area through the partition wall between the
sunspace and the living space. These gains result from repeated transmission (first through
the glazing of the sunspace and then through the glazed elements, e.g. windows or the door
in the partition wall) or the transmission and absorption of radiation on the partition surface.
According to [S], direct heat gains are calculated as:
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where:
E, - shading correction factor taking into account shading from external obstacles [-],
F, - frame area fraction in the sunspace envelope [-],
F,, - frame area fraction in the window in the partition wall [-],
g — effective total solar energy transmittance of glazing in the sunspace envelope -],
g, - effective total solar energy transmittance of glazing in the window in the
partition wall [-],
A~ - area of the window in the partition wall [m*],
A, - areaof the opaque part of the partition wall [m’],
a, - solarabsorption factor of the opaque part of the partition wall [-],
Hp,tot — total heat transfer coefficient between the internal environment and the outer
environment (through the partition wall and the sunspace envelope) [W/K],
. — total heat transfer coeflicient between the absorbing surface of the partition
wall and the outer environment [W/K],
I - solar irradiance on the partition wall surface during the calculation period
[W/m?],
t - duration of the calculation period [Ms].

Indirect gains are gains released to the air within the sunspace by means of the sunspace
casing absorbing solar radiation and heating up. These are treated as gains coming from the
non-heated space with the correction factor (1 - b, ) - they are calculated by summing up the
gains coming from every opaque absorbent surface within the capacity of the sunspace and
subtracting the gains directly transmitted through the partition wall by the way of conduction:
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where:
I - solar radiation on surface j” of the sunspace internal envelope in the calculation
period [W/m?],

- solar absorption factor of the opaque part of the sunspace internal envelope [ -],
A - area of the surface j’ of the sunspace opaque internal envelope [m?]

(the rest of the symbols are as explained above).
2.2. Calculating heat gains from the sunspace - the simplified method

On a national level, it is permissible to use the simplified method including the following

modifications:

» in the living space, the solar gains from the sunspace are disregarded — the heat balance
does not include either direct gains transferred through the opaque and glazed parts of
the partition wall or indirect gains due to absorption through the sunspace casing

» these gains are considered by employing the temperature correction factor b, * during
the calculation of the heat transmission from the heated space to the sunspace; it is then
assumed that the temperature in the sunspace 0 * is a result not only of the inflow and
the outflow of heat through the casing (as in the detailed method) but also of the solar

gains:
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® - average solar gains in the sunspace during the time step [W]
(the rest of the symbols are as explained above).

3. Dynamic simulations

Simulation methods of greater complexity require the execution of computer calculations.
The calculation step adopted here is much shorter than in the quasi-stationary methods -
it may be, for example, one hour or a dozen or so minutes. Depending upon temperature
changes and solar irradiance, this step enables taking into account the processes of heat
exchange as discrete dynamic processes [1]. Dynamic simulations may also serve as a certain
kind of ‘validation’ of less accurate methods, such as quasi-stationary methods [6, 8,9, 11].

Postulates concerning the possibility of using the generally available simulation tools for
modelling greenhouse systems formulated on the basis of various research works [12, 15, 17]



are included in paper [4]. The main demands that should be met by the computer programs
in order to properly calculate the solar gains in highly glazed spaces are as follows:

» the possibility to define the real geometry of the space and the glazed elements taking
into account their dimensions, placement in the partitions and situation concerning
geographical location; it is also necessary to take into account directional optical
properties of the glazing,

» the thorough analysis of the solar radiation reaching the casing of the spaces taking into
account division into the directional and the diffuse component and also the precise
modelling of the radiation falling on the inclined surfaces (e.g. with the use of models
taking into account anisotropy of the diffuse radiation),

» the description of radiation transmitted into the spaces taking into account the actual
path of the beam passing through the glazing - it is not sufficient to differentiate
the directional radiation falling at the particular internal partitions according to the
absorptance-weighted area ratios or the view factors used for modelling the radiation
heat exchange,

» the possibility of taking into account the long-wave radiation heat exchange with the sky.

In the current paper, the calculations are performed by means of the BSim program

fulfilling the above recommendations [18]. For every air zone of the building under
investigation, a balance is formulated which takes into account the heat stream passing
through the casing, solar irradiance transmission through transparent elements, heat streams
generated by the installation systems and transmitted through ventilation and infiltration or
inter-zone air mixing. The necessary climate input parameters include air temperature, the
intensity of direct and diffuse solar radiation and the relative air humidity. Data concerning
wind direction and velocity may also be necessary, especially if there is a need to model the
air exchange more precisely.

4. Comparison of the presented calculation methods

The energy demand obtained for an example living space adjacent to the sunspace and
designated by means of the detailed and simplified ISO 13790 algorithms is presented
below. Some adjustments (fully described in [2]) were introduced to the original equations
in order to model the distribution of solar irradiance within the sunspace. The results were
compared with the dynamic simulations of the same room layout which were performed with
assumptions as similar as possible to the assumptions of the stationary state methods.

The living space has two outer walls — the southern wall (adjacent to a glazed balcony) and
the western wall. The glazing of the balcony is at a height of 1.1 m (Fig. 1) and the absorption
coefficient of the inner surfaces of the sunspace envelope is 0.2, 0.5 and 0.8. The insulating
properties of the living space partitions are relatively high — this is characteristic of buildings
constructed in Poland after 2014 (Table 1). In addition to the solar gains in the living space,
there are also internal heat gains at a level of 3.0 W/m?. The air exchange in the room is 0.51/h
and is transferred from the outside in order to fulfil the assumption of standard [ S] concerning




the lack of air flow between the sunspace and the conditioned space. The climate data used for
the calculation was the data of a typical meteorological year in Warsaw [17].

Fig. 1. The outline of a room and a sunspace in the BSim program

Table 1. Selected parameters of building partitions

Thermal transmittance coefficient [W/m?K] el so'lar energy
No. Partition type transmittance [-]
Opaque part Window Glazing
1 living space 0.24 1.20-1.23 0.63
2 balcony 0.50 1.66-1.69 0.62

In the calculations prepared according to the ISO 13790, the distribution of the solar
radiation falling upon particular surfaces of the sunspace was determined as proportional to
the absorptive properties of the surfaces and their areas; it is the simplest method quoted by
literature [12, 13, 15].

For the purposes of comparing the chosen calculation methods, the parameters of air
temperature in the sunspace and energy demand in the living space are presented below in
Tables 2 and 3.

Table 2. Air temperature [°C] in the sunspace during the heating season, DS — dynamic simulation,
ISO d - detailed method, ISO s — simplified method

No Enveltfp-e Method Month MAPE
absorptivity IX X XI | XII I II 111 v v

1 DS 192 | 13.6| 84 6.3 5.6 62 | 11.6| 13.7| 193
2 a=02 1SOd 142 | 104| 6.2 4.5 2.8 3.1 7.4 89 | 13.7 34.0%
3 ISOs 273 | 18.6| 103 | 7.8 85 | 10.0| 185 23.7| 32.6 48.8%
4 DS 21.1 | 148| 9.0 6.7 6.3 7.0 | 132 | 154 21.6
S a=0.5 1SOd 142 | 104 | 6.2 4.5 2.8 3.1 7.4 89 | 13.7| 40.2%
6 ISOs 273 | 186| 103 | 7.8 85| 10.0 | 185 | 23.7| 32.6| 342%
7 DS 220 183| 9.2 6.8 6.6 74 | 13.8| 16.1| 22.6
8 a=0.8 1SOd 142 | 104 | 62 4.5 2.8 3.1 74 89 | 13.7 42.0%
9 ISOs 27.3| 18.6| 103 | 7.8 85| 10.0 | 185 23.7| 32.6| 29.0%

According to both the detailed and simplified ISO 13790 method, the ability of the inner
surfaces of the sunspace casing to absorb radiation does not influence its inner temperature.
The temperature is identified as being dependent only on heat inflow and outflow through



transmission or as a derivative of the total solar gains passing through the glazing and the thermal
properties of the casing. As a result of the assumptions, the detailed method underestimates
and the simplified method overestimates the interior temperatures — this can be clearly seen
in the spring and autumn months (Fig. 2). Dynamic simulation results prove the increase of
inner temperature along with the increase of absorption properties of the surface. Temperature
assumes the intermediate values between the results obtained for the detailed and simplified
method that may be regarded as the upper and lower limits of the actual inside temperature.
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Fig. 2. Air temperature in the sunspace during the heating season, o. = 0.5

The average monthly temperatures obtained from the particular methods were compared
with the dynamic simulation results with the use of the mean absolute percentage error
(MAPE):

100 o n

MAPE=—Y"
n i=1

(8)

where:
n — number of predicted values,
A - exact value (based on the dynamic simulations),
F - predicted value (based on the ISO 13790 calculation method).

If the MAPE value > 15% (which is true for all cases), then the forecasts are inaccurate
and should not be accepted for the analysis of the phenomena [14]. Neither of the ISO 13790
methods can be considered to be accurate enough for predicting the sunspace air temperature.

Neither of the ISO 13790 methods are supposed to accurately represent the course of heat
demand in the particular months of the heating season, but only to produce a close counterpart
for the more accurate final result. On the basis of the MAPE values, the monthly course of heat
demand cannot be counted among the acceptable forecasts (MAPE < 15% acc. to [14]).

The quasi-stationary ISO 13790 methods should be ‘conservative’ methods by assumption,
i.e. they should overestimate the seasonal heat demand in comparison to the calculations using
the hour time step, whereas the detailed method (as the more accurate version) should present
a lower heat demand. Such a regularity can be seen in two calculation cases — o0 = 0.5 and 0.8.
In these cases, the differences between the detailed ISO 13790 method and the simulations are




from 7.1% to 15.5% and the differences between the simplified ISO method and the simulations
are from almost 21% to 28%. Approximation of this kind, in the author’s opinion, may be
regarded as satisfying in the engineering calculations.

Table 3. Energy demand in the living space [kWh] during the heating season, DS - dynamic simulation,
ISO d - detailed method, ISO s - simplified method

Envelope Month 150/
No. | absorpti- | Method Sum « |MAPE
vity IX| X XI | XII I II Im | Iv | V SD

DS 0.459.5|130.8 | 164.6|171.4|150.4| 92.3 [63.9|17.1|850.4
a=02 ISOd [8.2]78.0|153.7(187.8|203.4|176.0|113.0(73.1| 3.7 |996.8|17.2% | 34.8%
ISOs |0.0[66.8|148.2|183.2[195.6|167.4| 97.6 |53.2| 0.0 | 912.0| 7.2% | 31.6%
DS 0.0 |42.1| 1242 [159.8|163.3|141.5| 742 |43.6| 6.1 | 754.7
ISOd |1.2]60.2|145.0|180.5[190.9|162.4| 88.5 |42.8| 0.3 |871.8|15.5%|24.6%
ISOs [0.0|66.8|148.2|183.2(195.6|167.4| 97.6 |53.2| 0.0 |912.0{20.8% | 31.6%
DS 0.0 [35.0| 121.1 | 157.5[159.4 | 137.3 | 65.7 |36.0| 1.1 |713.0
a=0.8 ISOd |0.2(43.0|136.2|173.2(178.5|148.7| 64.5 |19.1| 0.0 | 763.4| 7.1% |23.6%
ISOs |0.0|66.8|1482[183.2|195.6|167.4| 97.6 [53.2| 0.0 |912.0|27.9%|41.2%
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* change of the total energy demand during the heating season in the ISO method compared with dynamic

simulations

The results obtained for the smaller absorptive surface properties (o = 0.2) may evoke
certain doubts with regard to the accurate representation of the physical processes of both
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Fig. 3. Energy demand in the room during the heating season, o = 0.5

methods of standard [ 5 ]; however, the differences between them and the dynamic simulations
at worst approach 17.2%. If the absorptive properties of the surface of the sunspace casing
are small, the detailed ISO method presents the highest energy demand which results from
connecting the smaller direct solar gains with an insufficient regard for the buffer effect of the
sunspace resulting from the underrated internal temperature and the indirect gains. In the
case of lower absorptive properties, the simplified ISO method has proved to be closer to the
dynamic simulations as it overestimates the buffer effect of the sunspace.




S. Summary

To confirm, the ISO 13790 methods enable the satisfactory representation of an example
sunspace with a relatively small proportion of glazed partitions and a higher radiation
absorption inside the casing, i.e. a space similar to traditional spaces as far as the utilisation
of solar radiation is concerned. The phenomena typical of highly glazed spaces (specifically,
the retransmission of reflected radiation) are not satisfactorily taken into account in the
calculation methodology of the ISO standard. This causes greater divergence between the
results obtained for the high reflectivity of the casing surface.

Itisnecessaryto remember that the above analyses were carried out foraparticularradiation
distribution inside the sunspace. Adopting a more precise representation of radiation on the
surface [16] could influence the accuracy of the calculations; however, a detailed analysis of
the radiation route exceeds the scope of engineering calculations for which the ISO 13790
methodologies were designed.

Out of all the presented calculation methods, dynamic simulation is the technique which
takes the largest number of factors into account which influence the functioning of a sunspace,
these are:

» the spatial character of solar radiation,

» the optical properties of glazing with regard to the function of the radiation angle of

incidence,

» radiation retransmission resulting from reflections within the sunspace,

» various absorptive properties of surfaces,

» sunspace ventilation and the air flow between the sunspace and the conditioned

accommodation.

Thus, dynamic simulation is the method of greatest research potential, provided that it
is appropriately used and that the results obtained are validated as much as possible in the
conditions of the actual functioning of the objects in question.
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