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Abstract 

The paper presents the complete results regarding the energy performance and reliability of a new heating/cooling system 
designed and developed around an economic and ecological concept: self-consume a maximum amount of energy produced by 
solar photovoltaic panels. To achieve this goal, a unique regulation system which takes advantage of each kW produced by the 
PV system was developed and implemented. This technology, compared to a conventional system, increases the performance 
coefficient for the HP, as well as for the overall installation. These improvements are justified by the accurate regulation of 
different components of the installation - power modulation of the HP and circulation pumps- and by use of photovoltaic panels 
allowing a reduction of the electrical energy consumed from the grid. 
To quantify the contribution of the new system, the energy efficiency was established for the 2 cases: with and without solar PV 
panels. The results indicate that new system provides a significant gain in performance. This new technology, HP directly driven 
by PV, produces significant annual improvement compared with a conventional heating system, HP, of 22%. 
 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review by the scientific conference committee of SHC 2014 under responsibility of PSE AG. 

Keywords: heat pump; photovoltaic panel; storage; solar heating system; solar cooling system; artificial intelligence; regulation; energy 
production; solar energy; simulation; economics 

 

 
1 Corresponding author. Tel: +41 26 429 66 61 
   E-mail address: elena-lavinia.niederhaeuser@hefr.ch 

© 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review by the scientific conference committee of SHC 2014 under responsibility of PSE AG

http://crossmark.crossref.org/dialog/?doi=10.1016/j.egypro.2015.02.151&domain=pdf


 Elena-Lavinia Niederhäuser et al.  /  Energy Procedia   70  ( 2015 )  480 – 485 481

1. Introduction 

Main actual challenges currently in the energy field are energy efficiency and energy dependence reduction to the 
grid. The current project uses a smart regulation to manage photovoltaic production, heat pump, storage 
management and thermal needs. This concept, based on the self-consumption, has been monitored on a pilot 
installation. Thanks to the monitored data, the energy efficiency of the pilot installation will be quantified and 
qualified. 

 
Nomenclature 

 Solar contribution         [%] 
 Heat production by the heat pump (HP)       [J] 

 Heat delivered to the domestic hot water (DHW) by the HP     [J] 
 Cold source to the HP         [J] ,  Electricity power consumed by the HP       [W] ,  Electricity power provided by the photovoltaic panels      [W] ,  Electricity power consumed by the pumps of the heat pumps circuits    [W] ,  Electricity power consumed by the pump of the geothermal heat poles    [W] ,  Electricity power consumed by the pump of the heating system    [W] 

2. Technological concept 

Solarline was created on an economic and ecological concept: to self-consume a maximum of the energy 
produced by solar photovoltaic panels. It is a unique regulation system developed to achieve this goal. It allows to 
use every single kWh produced by the solar installation. Moreover, the system uses the storage capacity of water 
tanks to absorb the daily photovoltaic production variations. In water tanks, hot water can be stored as well as cold 
water for the cooling during summer. Another important point is the modulation of the heat pump power. The power 
is set to have the best performance and to consume the entire photovoltaic production.  

2.1. Global technical installation concept 

The technical system is composed of a heat pump, photovoltaic panels, a smart regulation and water tanks (Fig. 
1). The heat pump is operated by the photovoltaic panels and the grid.  

Fig. 1: Global technical system concept of Solarline 
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