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A review of energy saving and energy effective roofings
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ABSTRACT:

This article is a systematic review of the literature on the energy efficiency and energy efficient construction
of roofs. This paper considers seven types of roof, including insulated, double-skin, cool roofs, green roofs,
roofs with photovoltaic panels, biosolar roof and roof ponds. The review covers the main characteristics of
each roof, the reduction of heat flux and the appropriate climate for its implementation. These roofs can
reduce energy consumption for cooling or heating systems. For the cold period of the year the warmed roof
which reduced heat losses of the room to 70% proved to be the most effective. In hot climates the cool roof
is the simplest covering, which reduces the flow of solar radiation into the room by 30%. The installation of
a double-skin roof or a pond on the roof stabilizes the temperature in the room on hot days. Green roofs in
hot climates can reduce the heat of solar radiation through the roof to 35%, and the presence of photovoltaic
panels on the green roof can increase their efficiency by 8.3%. To increase the energy efficiency of the roof,
it is advisable to combine several types of roofs.
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1. Introduction

A person spends 4/5 of his life indoors. To maintain the parameters of the microclimate
in the premises and to ensure daily activities, energy is consumed, the amount of which for
different countries can be up to 45% of total energy consumption. Such energy consumption by
homes causes up to 50% of carbon dioxide emissions into the atmosphere [1], and, accordingly,
affects climate change. Energy efficiency and energy saving measures are being implemented
in the construction sector to reduce energy consumption. Thus, the main ways for increasing
the energy efficiency of buildings are the use of low-energy building materials, the use of
energy-efficient equipment and the integration of renewable energy technologies into life
support systems.

The roof has an important role in determining the energy efficiency of a building. It is
through the roof of the building in the warm period of the year that a significant amount of solar
radiation enters the room, and in the cold period of the year, heat is lost. In recent years, many
studies have been conducted on various roof designs to improve thermal comfort, increase
the energy efficiency of buildings and reduce the negative impact on the environment. Energy-
saving roof constructions reduce the amount of energy consumed for the needs of the cooling
or heating systems. Increasing the energy efficiency of the roof increases the overall energy
efficiency of the house.

2. Aim of the article

The aim of this article is a review of the literature on energy saving and energy efficient
structures of roofs, in order to systematize the knowledge available about roofing.
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3. Analysis of existing research

Currently, several energy saving and energy efficient structures of roofs are known. Each of
these roofs has both advantages and disadvantages. They compete with each other in many
aspects, including the features of installation, reduction of heat flux and/or heat loss through
the roof, the cost of construction, complexity of maintenance, suitability for climate.

The most common type of energy efficient roof in regions with temperate and cold climates
is an insulated roof. In many countries, in particular in Ukraine and Poland, roof insulation
is mandatory, and the regulations of these countries regulate the requirements for thermal
characteristics of the roof. Depending on the climatic zone of the city of construction and
the type of roof, the requirements for the heat transfer coefficient of the roof of the house also
differ [2]. The insulation efficiency depends on the thermal conductivity of the material and
the thickness of the insulation layer. For roof insulation, such insulators such as mineral wool,
glass wool, expanded polystyrene, polyfoam, polyurethane foam are used, the thickness of
which is determined in the thermal calculation of the roof structure. The presence of thermal
insulation reduces heat loss through the roof to 70%.

A layer of insulation can be applied directly to the roof or attic floor (Fig.1). In Ukraine,
the most commonly used insulation of the attic floor (Fig. 1a), the so-called cold roof. The space
between the ceiling and the roof in residential buildings is called the attic and is used to store
various things. With a cold roof, the air temperature in the attic approaches the outside air
temperature. Therefore, to prevent moisture condensation on the internal structures of the
attic, it must be well ventilated.

a b

Fig. 1. Insulated roof: a) cold roof, b) warm roof, 1 - attic floor, 2 - insulation, 3 - timber
sub deck, 4 - roof covering

Thermal insulation directly on the roof is more energy efficient and avoids the
disadvantages of a cold roof, in particular the condensation of moisture on the attic structures
(Fig. 1b). The presence of a warm roof allows you to use the mansard in the house as a
residential or non-residential premises. When installing additional translucent openings in the
roof over the mansard, it is necessary to use special window designs that will not increase the
overall energy consumption.

Passive energy-saving technologies include green roofs, which are a complex multilayer
structure, the upper layer of which is formed by greenery (Fig.2). In this case, the roof,
in addition to protective functions, performs environmental and aesthetic functions [3].
The presence of plants on the roofs gives the building a number of advantages, such as thermal
insulation of the roof, passive cooling in summer and passive heating in winter under the roof,
absorption of COz from the environment, and rainwater management.

Most studies evaluating the performance of green roofs have been conducted in warm
climates, they indicate the feasibility of using a green roof in winter for passive heating of
houses. Thus, in [4] it is stated that the presence of a green roof reduces the amount of thermal
energy lost from the room by up to 37%. There are very limited studies of green roofs in cold
climates. The results presented in [5] indicate that a green roof can provide energy savings
for the needs of heating and cooling systems compared to a traditional roof. Study [6] assesses
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the heat flux and heat impact on a green roof located on a passive house in Sweden.
Temperature and heat flux studies were performed on the green roof and a roof covered with
a layer of roofing material. Since the roofs were covered with snow, the surface temperature of
both roofs was approximately the same. However, heat loss from the house with the green roof
was sometimes higher than from the building with a black roof. Consequently, in cold climates,
an additional layer of thermal insulation must be introduced into the green roof structure.

Fig. 2. Green roof: 1 - plants, 2 - substrate, 3 - ceiling

In hot climates, green roofs can reduce the heat flow that enters the room through the roof
to 35% [7]. Although, the effect of passive cooling decreases with increasing outdoor
temperature, especially in arid areas.

The easiest way to reduce heat flux from solar radiation through the roof is to use
a reflective, mostly white, roof covering. Such a cool roof is used in areas with hot climates
for passive cooling of the house [8]. However, on cold days or in winter, the cool roof blocks
the passive heating of the upper floor of the house and does not reduce heat loss by the house.

Heat reduction by thermal conductivity and convection from the roof to the ceiling of
the house also occurs when using a double-skin roof. The double-skin roof also effectively
blocks the radiative heat exchange between the roof and the ceiling [9]. The double-skin roof
consists of two parallel layers of a roof separated by an air layer (Fig. 3). The first layer acts
as a reflector/absorber of heat , and the second layer serves as the upper enclosure of the
premises. The air layer acts as an insulating layer to prevent heat transfer between the roof
layers. The presence of an air layer allows up to 50% reduction in the flow of heat flux through
the roof into the house [10].
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Fig. 3. Double-skin roof: 1 - primary roof, 2 - secondary roof, 3 - outlet cover,
I - inlet air, II - outlet air

The heat transfer resistance of a double-skin roof is variable and depends on the parameters
of the air in the air layer. The double-skin roof should be used in areas with hot climates
as a method of passive cooling. To increase the energy efficiency of a double-skin roof, it can be
combined with a cool roof and an insulated roof. Applying reflective material on the upper layer
of the double-skin roof and heat-insulating material on the lower layer allows to further reduce
the inflow of solar radiation through the roof into the house by up to 25% [10].

Roof photovoltaic panels are used because of their ability to supply electricity to homes
and reduce dependence on fossil fuel energy consumption (Fig. 4). They also have an indirect
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effect on the energy performance of the building, providing shading of the roof with panels
that absorb solar radiation, which reduces heat flow to the roofs. Thus, in [11] it was found that
the temperature of the roof surface under the solar panel was 2.5 degrees lower than the
temperature on the open part of the roof. However, the reduction of the load on the cooling
system due to shading by photovoltaic panels differs depending on the type of roof insulation.
Installation of solar panels on the roof allows reduced electricity consumption for the needs
of cooling systems by 6-7% compared to open roofs [12].

Fig. 4. Photovoltaic panels on the roof

Green roofs and photovoltaic panels on the roof are common sustainable versions of
environmentally friendly roofs, each of which has its advantages. Integration of green roofs and
solar photovoltaic systems gives the individual advantages from both options and improves
their functionality and efficiency through simultaneous use [13]. The concept of a biosolar roof
is a combination of a green roof and solar panels that are fixed over the plantings (Fig. 5).

Fig. 5. Biosolar roof: 1 - plants, 2 - photovoltaic panels, 3 - ceiling

It is established that high ambient temperatures negatively affect the amount of electricity
that can be produced by photovoltaic panels. In particular, under standard test conditions for
photovoltaic panels, it has been determined that when the ambient temperature rises above
25°C, the power output decreases. Studies show that the temperature of the green surface of
the roof and ground is reduced due to shading by solar panels, and greater output power of the
panel is achieved by lowering the temperature under the solar panels due to the presence of
plants. Thus, in [14] it was found that when using a biosolar roof, the photovoltaic system
generates 8.3% more electricity than in the absence of a green roof.

Of the various passive cooling methods, evaporation has been attributed to the most
effective way to reduce the temperature of the top floor. Water, in the process of evaporation,
absorbs heat from the environment, and, accordingly, reduces its temperature. This principle is
seen in the use of ponds on the roof, which, by evaporating, reduces the temperature of the roof.
An uncovered ponds is the easiest way to install a layer of water on the roof (Fig. 6). At the same
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time on the roof is a layer of water, 30 cm deep, whose evaporation reduces the temperature of
the roof. Thus, the temperature of the roof surface with a layer of water on average was 6.8°C
lower than with an open roof surface [15].

Fig. 6. Uncovered pond on the roof: 1 - water, 2 - ceiling

The disadvantage of this type of roof is the high thermal inertia of water. To reduce
the impact of the thermal energy of water on the evaporation process, other types of pond
installation on the roof have been developed. Thus, in covered ponds above the roof slab there
is a pond with a movable cover, which closes the pond during the day from the sun’s rays.
At night, the cover is removed, which allows the water temperature to drop to ambient
temperatures. Shaded ponds work on a similar principle, in which a shading device is arranged
above the water surface, which allows the complete or partial avoidance of solar radiation
on the water surface. Such a roof can maintain an internal water temperature below 30°C when
the ambient temperature exceeds 40°C [16]. Sprayers are added to the ponds to intensify
the evaporation process. When installing a pond in a ventilated roof, the surface of the pond is
closed from the inflow of solar radiation, and convective flows over the water layer can improve
the evaporation process.

To increase the energy efficiency of the roof, it is advisable to combine several roof options.
Thus, such combinations as insulated and double roof, insulated and reflective roof, insulated
roof and green roof, double roof and roof pond can be used. The use of different types of energy-
saving structures can reduce the load on cooling systems in summer and heating systems in
winter, and, accordingly, reduce the demand for electricity, reduce roofing costs and potentially
reduce global COz emissions.

The choice of energy-saving roof construction is made in accordance with the terms of
reference for the project, construction and sanitary standards, environmental and economic
requirements for a particular object.

4., Conclutions

Seven types of energy saving and energy efficient structures of roofs were considered,
in particular insulated, double-skin, cool, green, solar and biosolar roofs, as well as roof ponds.
In the cold period of the year the warmed roof proved to be the most effective. The presence of
thermal insulation in the roof structure reduces heat loss to 70%. To increase the energy
performance of the insulated roof, it is advisable to additionally use green or bio-solar roof
structures. In hot climates, the simplest type of coating is a cool coating, which allows you to
reduce the flow of solar radiation into the room by 30%. The installation of a double roof or
a pond on the roof allows you to stabilize the temperature in the room on hot days, and,
accordingly, reduce the load on the cooling system. Green roofs have the greatest positive
impact on the environment, in hot climates, the can reduce the flow of solar radiation through
the roof to 35%. The presence of a green roof under the photovoltaic panels increases their
efficiency by 8.3%. To increase the energy efficiency of the roof, it is advisable to combine
several types of roofs.
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Przeglad energooszczednych rozwigzan pokry¢ dachowych

STRESZCZENIE:

Artykut stanowi przeglad literatury dotyczacej energooszczednych rozwigzan konstrukeji dachéw. W arty-
kule oméwiono siedem rozwigzan dachéw, w tym dach izolowany, dach o podwdjnej konstrukeji, dach
chtodzony, dach zielony, dach z panelami fotowoltaicznymi, dach biosolarny i taras. Przeglad zawiera
charakterystyke kazdego dachu, redukcje strumienia ciepta oraz wskazuje warunki klimatyczne odpowied-
nie do zastosowania takiego rozwiazania. Zastosowanie odpowiednich rozwiazan moze zmniejszy zuzycie
energii na chtodzenie lub ogrzewanie. W okresie zimowym najkorzystniejszy okazat sie dach ocieplony,
ktéry pozwala na zmniejszenie strat ciepta do 70%. W klimacie goragcym najlepszym rozwigzaniem jest
powtoka chtodzaca, ktéra ogranicza doptyw promieniowania stonecznego do pomieszczenia o 30%. Zasto-
sowanie dachu podwéjnego lub tarasu pozwala na stabilizacje temperatury w pomieszczeniu w upalne dni.
Zielone dachy w goracym klimacie moga zmniejszy¢ ciepto promieniowania stonecznego przez dach do
35%, a obecno$¢ paneli fotowoltaicznych moze podnies¢ ich wydajnos¢ o 8,3%. Aby zwiekszy¢ efektywnos¢
energetyczng dachu, zaleca sie taczenie kilku rodzajéw dachow.

SLOWA KLUCZOWE:
dach izolowany; dach dwuptaszczowy; dach chtodzony; dach zielony; dach biosolarny; taras



