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Abstract. Recently, there has been a rising concern for hydronic space heating systems of various configurations for low
temperature water heating applications due to constantly tightening energy codes and regulations. Current tendencies in
Russian legislation system aim to transfer local building sector for low-exergy systems. The current work aims at
reviewing the recent researches conducted on the low-temperature hydronic space heating systems and heat emitters
with a view of evaluating their practical application in Russian building sector. The review is based on the comparison of
various key performance data for systematic representation of studied concepts. It was stated that having a wide range
of different approaches and performance criteria increases the difficulty of examining a specific system and comparing it
with the others. Studies and practicies, analyzed in similar to Russia weather conditions, indicate distinct prospects of
utilization of low-temperature hydronic heating systems. An optimum hydronic space-heating configuration can be
identified for the specific case but it is strongly dependent on initial boundary conditions.

Keywords: Low-temperature heating systems; Low-temperatustrici heating; Energy efficiency; Energy perforrmenThermal
comfort.

1. Introduction

Previously, high-energy consumption that was aitétl to the building stock has raised the needsfodying low
exergy systems. For instance, as it was estimateBuropean buildings, the total energy consumptieaches
approximately 40% of primary energy usage [1], anghrt of consumption, that is demanded for heatingounts for
more than 70% [2]. Nonetheless, there is a largerpial in the building segment in terms of savarergy, i.e. by
applying materials with low heat transfer coeffitigU-value), increasing of envelope’s air-tightsieselying on
renewable energy resources, using modern highteféeequipment for heating. Fulfilling these st&as substantially
reduce the length of a heating season and the lietting demand. Ultimately, this measures ainrdasform the
existing buildings and to design the new ones afingrto net zero energy/emissions buildings conf3pt

House space heating (SH) and domestic hot watef\(Pid urban areas are predominantly provided by iosd
heat and power plants (CHP) usidg@eneration district heating system (3GDH). As saneple, in Russia, 3GDH has
supply/return temperature at level 95/70 °C andaufp50/70 °C. Previously, higher temperatures, sag®0/70 and
80/60 °C have been used in Sweden (i.e. DenmarR/408C, Finland — 70/40C), partly because there were no
incentives for low temperatures in systems withldysj but also because smaller radiators couldnelayed. The
advantages of low temperatures have led to lowapégatures being used today, e.g. 60/45, 60/4G@55°C. Since
1982, temperatures higher than 55 °C are not allowenew heating systems, which should promoteutie of low-
temperature heating systems [4].

Current tendencies in Russian legislation systeamtai transfer local building sector for low-exergystems. EU
main energy efficiency targets can be easily imgleted on Russian market. However, main barriech s high
final energy consumption and low inhabitants eneeyyareness should be removed. Tendencies for bgildi
sustainable environment are legally establishethbyFederal LavNe261 only in 2009 [5]. While Russian regulations
are being constantly actualized, practices of usowgexergy systems are still being obstructed Ipgatete ¥
generation district heating (3GDH), inherited framviet times, and currently there is no real evigeaf transition
from high temperature to low temperature distrigating. As of 2007, the district heating (DH) amanbined heat and
power (CHP) plants in Russia included around 5B @lants and 65 000 boiler houses connected terttiausers by
means of 200 000 km of DH networks. In Russia, dh@stems operate at sufficiently low level of gyeefficiency
compare to the most technologies used internatiof@l. The new Energy Efficiency Strategy of Rus$o 2030,
supported by the Russian Federation Governmentré@diel715-r [7]), sets the strategic goals of increagdtyCHP-
and end-user energy efficiency. For that reasamjystg experience from recent researches and pescteems
exceptionally important prior actual applicationneddern systems.

As an example, a well-designed heating systematiaws room air temperature to be lowered by 1 gy ead to
approximately 7% of annual energy savings [8]. Eutrrstudies show that it is possible at least thuce the total
energy use for SH of new buildings to a level egl@nt to the energy use for DHW (50-55 °C) [9]. Tdi&ange in
temperature demand may be further improved by diting heating systems that can use supply tempegsadf 40 °C
and cool down the district heating water to neamdemperature (20-22 °C).
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