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Abstract

District heating networks are commonly addressed in the literature as one of the most effective solutions for decreasing the 
greenhouse gas emissions from the building sector. These systems require high investments which are returned through the heat
sales. Due to the changed climate conditions and building renovation policies, heat demand in the future could decrease, 
prolonging the investment return period. 
The main scope of this paper is to assess the feasibility of using the heat demand – outdoor temperature function for heat demand 
forecast. The district of Alvalade, located in Lisbon (Portugal), was used as a case study. The district is consisted of 665 
buildings that vary in both construction period and typology. Three weather scenarios (low, medium, high) and three district 
renovation scenarios were developed (shallow, intermediate, deep). To estimate the error, obtained heat demand values were 
compared with results from a dynamic heat demand model, previously developed and validated by the authors.
The results showed that when only weather change is considered, the margin of error could be acceptable for some applications
(the error in annual demand was lower than 20% for all weather scenarios considered). However, after introducing renovation 
scenarios, the error value increased up to 59.5% (depending on the weather and renovation scenarios combination considered). 
The value of slope coefficient increased on average within the range of 3.8% up to 8% per decade, that corresponds to the 
decrease in the number of heating hours of 22-139h during the heating season (depending on the combination of weather and 
renovation scenarios considered). On the other hand, function intercept increased for 7.8-12.7% per decade (depending on the 
coupled scenarios). The values suggested could be used to modify the function parameters for the scenarios considered, and 
improve the accuracy of heat demand estimations.
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Abstract

The successful exploitation of geothermal energy for power production relies on the availability of nearly zero emission and 
efficient technologies. Two zero emission flash plant layouts, with full reinjection of the geothermal fluid (non-condensable gas
included), are considered. This paper focusses on the CO2 issue, and therefore only the carbon dioxide is considered as non-
condensable gas present in the geothermal fluid; the CO2 flow is separated, compressed, and reinjected with the geothermal fluid.
Both the reservoir and the power plant are simulated. A first scheme of plant presents a conventional layout in which the CO2 is 
separated and compressed after the condenser. The second scheme presents a plant layout that allows the separation of the CO2 at 
higher pressure with respect to the conventional layout, thus reducing the requested power consumption.
The conventional plant scheme performs always better at higher temperature and at lower concentration of CO2.  The new layout 
results better for low temperature and higher gas content.
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1. Introduction

The successful exploitation of geothermal energy for power production relies on the availability of nearly zero 
emission and efficient technologies, able to provide flexible operation. The binary cycle and flash steam technology 
are both eligible technologies for geothermal power generation. Non-condensable gases, possibly present in the 
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geothermal fluid, represent an important issue as far as environmental aspects are concerned. Due to the climate change 
concern, major attention is presently paid to the CO2 content.

In the traditional flash plant layout non-condensable gases are extracted from the condenser, and, though the most 
harmful gases are usually treated and disposed, the CO2 still represents an issue, because it is commonly released in 
the ambient. Flash technology is a well established technology, generally adopted when the geothermal fluid consists 
of a mixture of liquid and vapors at wellhead, with temperature higher than about 160-180 °C. The main feature of 
this technology is the adoption of a direct cycle, whereby the geothermal fluid coming from wellhead is flashed, and 
separated steam enters a steam turbine, followed by a condenser. The whole plant scheme is then tailored on the 
geothermal fluid characteristics: salts and non-condensable gases are often present in the geothermal fluid. The 
geothermal fluid is treated before entering the turbine [1] and, if non-condensable gases (NCG) are present, an 
extraction system is required, in order to allow condenser proper operation; afterwards, depending on the chemical 
composition, separated NCG are treated in a removal plant or directly released in the ambient. The chemical 
composition of the geothermal fluid is strongly site dependent: as far as the gaseous phase is concerned, CO2 is often 
present, and H2S may be present as well; sometimes hydrocarbons are also present. As reported in [2], steam from 
Italian steam dominated geothermal fields may be available with a temperature of about 200°C, with a non-
condensable gas content ranging from 4 to 10% by weight. In [3] the non-condensable gas are mixed with inlet air in 
the gas turbine and burnt in the combustion chamber. Up to a few years ago, the adoption of a direct contact condenser, 
coupled to a wet cooling tower, was an easy and common technical solution; the flowing of the condensed geofluid 
through the cooling tower, however, prevents a thorough separation of the geothermal fluid loop from the ambient. In 
recent years, surface condenser are becoming popular, as they allow more effective removal and treatment of the NCG
[4]. The concern for “climate change” encourages the investigation of possible power plant schemes which do not 
release CO2 in the atmosphere.

The binary cycle technology is accomplished by means of two completely separated cycles, a geothermal loop, and 
a power cycle (ORC or Kalina cycle) [5]. It is commonly adopted for all liquid sources or medium-low-temperature 
sources (generally between 100-170 °C). It entails an important advantage, i.e. the thorough confinement of the 
geothermal fluid in a closed loop, which is beneficial to the environment (possible pollutants are not released into the 
ambient but reinjected underground). A common configuration of binary cycle technology is equipped with 
submersible pump that can guarantee a stable well production, but that is subjected to scaling, cavitation that determine 
a short lifespan.

This paper focusses on flash technology, and, in order to realize a zero-emission plant, with full geothermal fluid 
reinjection, the separated CO2 is compressed, liquefied and mixed with the geothermal condensate prior to reinjection. 
Two different layouts of flash plant without gas emissions are considered for the temperature range of 150°C-200°C:

- a standard flash configuration: the separated CO2 , removed from the condenser, is compressed, liquefied and 
mixed with the geothermal condensate prior to reinjection. The compression ratio required is high and the 
consumption of the compressor significantly affects the net power production. 

- an alternative flash plant layout: CO2 separation occurs at wellhead, so that the compression ratio required is 
lower than in previous case.

The thermodynamic model adopted to study the performances of the plants is validated with experimental results 
available in literature. This paper focusses on the CO2 issue, and therefore only the carbon dioxide is considered as 
non-condensable gas present in the geothermal fluid. The work proposes the comparison of these layouts on an
innovative and coherent basis, starting the comparison from the geothermal reservoir conditions, according to the 
approach presented in [6] and aiming at an integrated- reservoir-plant approach [7].

The trade-off point between the two flash plant layouts, and, afterwards, between the best of them and the binary
plant, depends on both technical and economic aspects. In this paper, however, the focus will be on technical aspects
typical of the flash configuration, considering plant performance; environmental aspects and other possible peculiar 
technical problems (e.g. scaling) and economic aspects are left for future work.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.egypro.2017.08.302&domain=pdf


 Davide Bonalumi et al. / Energy Procedia 126 (201709) 698–705 699

Available online at www.sciencedirect.com

ScienceDirect
Energy Procedia 00 (2017) 000–000

www.elsevier.com/locate/procedia

1876-6102 © 2017 The Authors. Published by Elsevier Ltd.
Peer-review under responsibility of the scientific committee of the 72nd Conference of the Italian Thermal Machines Engineering 
Association.

72nd Conference of the Italian Thermal Machines Engineering Association, ATI2017, 6-8
September 2017, Lecce, Italy

Zero Emission Geothermal Flash Power Plant
Davide Bonalumia*, Paola A. Bombardaa, Costante M. Invernizzib

aDipartimento di Energia Politecnico di Milano,Via Lambruschini 4, 20133 Milano Italy
bDipartimento di Ingegneria Meccanica e Industriale, Universita` degli Studi di Brescia, Via Branze 38, 25123 Brescia, Italy

Abstract

The successful exploitation of geothermal energy for power production relies on the availability of nearly zero emission and 
efficient technologies. Two zero emission flash plant layouts, with full reinjection of the geothermal fluid (non-condensable gas
included), are considered. This paper focusses on the CO2 issue, and therefore only the carbon dioxide is considered as non-
condensable gas present in the geothermal fluid; the CO2 flow is separated, compressed, and reinjected with the geothermal fluid.
Both the reservoir and the power plant are simulated. A first scheme of plant presents a conventional layout in which the CO2 is 
separated and compressed after the condenser. The second scheme presents a plant layout that allows the separation of the CO2 at 
higher pressure with respect to the conventional layout, thus reducing the requested power consumption.
The conventional plant scheme performs always better at higher temperature and at lower concentration of CO2.  The new layout 
results better for low temperature and higher gas content.

© 2017 The Authors. Published by Elsevier Ltd.
Peer-review under responsibility of the scientific committee of the 72nd Conference of the Italian Thermal Machines Engineering 
Association.

Keywords: Geothermal plant; geothermal energy; ;CO2 separation; CO2 reinjection; zero emission; non-condensable gas; reservoir simulation.

1. Introduction

The successful exploitation of geothermal energy for power production relies on the availability of nearly zero 
emission and efficient technologies, able to provide flexible operation. The binary cycle and flash steam technology 
are both eligible technologies for geothermal power generation. Non-condensable gases, possibly present in the 

* Corresponding author. Tel.: +039-02-2399-3817; fax: +039-02-2399-3863.
E-mail address: davide.bonalumi@polimi.it

Available online at www.sciencedirect.com

ScienceDirect
Energy Procedia 00 (2017) 000–000

www.elsevier.com/locate/procedia

1876-6102 © 2017 The Authors. Published by Elsevier Ltd.
Peer-review under responsibility of the scientific committee of the 72nd Conference of the Italian Thermal Machines Engineering 
Association.

72nd Conference of the Italian Thermal Machines Engineering Association, ATI2017, 6-8
September 2017, Lecce, Italy

Zero Emission Geothermal Flash Power Plant
Davide Bonalumia*, Paola A. Bombardaa, Costante M. Invernizzib

aDipartimento di Energia Politecnico di Milano,Via Lambruschini 4, 20133 Milano Italy
bDipartimento di Ingegneria Meccanica e Industriale, Universita` degli Studi di Brescia, Via Branze 38, 25123 Brescia, Italy

Abstract

The successful exploitation of geothermal energy for power production relies on the availability of nearly zero emission and 
efficient technologies. Two zero emission flash plant layouts, with full reinjection of the geothermal fluid (non-condensable gas
included), are considered. This paper focusses on the CO2 issue, and therefore only the carbon dioxide is considered as non-
condensable gas present in the geothermal fluid; the CO2 flow is separated, compressed, and reinjected with the geothermal fluid.
Both the reservoir and the power plant are simulated. A first scheme of plant presents a conventional layout in which the CO2 is 
separated and compressed after the condenser. The second scheme presents a plant layout that allows the separation of the CO2 at 
higher pressure with respect to the conventional layout, thus reducing the requested power consumption.
The conventional plant scheme performs always better at higher temperature and at lower concentration of CO2.  The new layout 
results better for low temperature and higher gas content.

© 2017 The Authors. Published by Elsevier Ltd.
Peer-review under responsibility of the scientific committee of the 72nd Conference of the Italian Thermal Machines Engineering 
Association.

Keywords: Geothermal plant; geothermal energy; ;CO2 separation; CO2 reinjection; zero emission; non-condensable gas; reservoir simulation.

1. Introduction

The successful exploitation of geothermal energy for power production relies on the availability of nearly zero 
emission and efficient technologies, able to provide flexible operation. The binary cycle and flash steam technology 
are both eligible technologies for geothermal power generation. Non-condensable gases, possibly present in the 

* Corresponding author. Tel.: +039-02-2399-3817; fax: +039-02-2399-3863.
E-mail address: davide.bonalumi@polimi.it

2 Author name / Energy Procedia 00 (2017) 000–000

geothermal fluid, represent an important issue as far as environmental aspects are concerned. Due to the climate change 
concern, major attention is presently paid to the CO2 content.
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the ambient. Flash technology is a well established technology, generally adopted when the geothermal fluid consists 
of a mixture of liquid and vapors at wellhead, with temperature higher than about 160-180 °C. The main feature of 
this technology is the adoption of a direct cycle, whereby the geothermal fluid coming from wellhead is flashed, and 
separated steam enters a steam turbine, followed by a condenser. The whole plant scheme is then tailored on the 
geothermal fluid characteristics: salts and non-condensable gases are often present in the geothermal fluid. The 
geothermal fluid is treated before entering the turbine [1] and, if non-condensable gases (NCG) are present, an 
extraction system is required, in order to allow condenser proper operation; afterwards, depending on the chemical 
composition, separated NCG are treated in a removal plant or directly released in the ambient. The chemical 
composition of the geothermal fluid is strongly site dependent: as far as the gaseous phase is concerned, CO2 is often 
present, and H2S may be present as well; sometimes hydrocarbons are also present. As reported in [2], steam from 
Italian steam dominated geothermal fields may be available with a temperature of about 200°C, with a non-
condensable gas content ranging from 4 to 10% by weight. In [3] the non-condensable gas are mixed with inlet air in 
the gas turbine and burnt in the combustion chamber. Up to a few years ago, the adoption of a direct contact condenser, 
coupled to a wet cooling tower, was an easy and common technical solution; the flowing of the condensed geofluid 
through the cooling tower, however, prevents a thorough separation of the geothermal fluid loop from the ambient. In 
recent years, surface condenser are becoming popular, as they allow more effective removal and treatment of the NCG
[4]. The concern for “climate change” encourages the investigation of possible power plant schemes which do not 
release CO2 in the atmosphere.

The binary cycle technology is accomplished by means of two completely separated cycles, a geothermal loop, and 
a power cycle (ORC or Kalina cycle) [5]. It is commonly adopted for all liquid sources or medium-low-temperature 
sources (generally between 100-170 °C). It entails an important advantage, i.e. the thorough confinement of the 
geothermal fluid in a closed loop, which is beneficial to the environment (possible pollutants are not released into the 
ambient but reinjected underground). A common configuration of binary cycle technology is equipped with 
submersible pump that can guarantee a stable well production, but that is subjected to scaling, cavitation that determine 
a short lifespan.

This paper focusses on flash technology, and, in order to realize a zero-emission plant, with full geothermal fluid 
reinjection, the separated CO2 is compressed, liquefied and mixed with the geothermal condensate prior to reinjection. 
Two different layouts of flash plant without gas emissions are considered for the temperature range of 150°C-200°C:

- a standard flash configuration: the separated CO2 , removed from the condenser, is compressed, liquefied and 
mixed with the geothermal condensate prior to reinjection. The compression ratio required is high and the 
consumption of the compressor significantly affects the net power production. 

- an alternative flash plant layout: CO2 separation occurs at wellhead, so that the compression ratio required is 
lower than in previous case.

The thermodynamic model adopted to study the performances of the plants is validated with experimental results 
available in literature. This paper focusses on the CO2 issue, and therefore only the carbon dioxide is considered as 
non-condensable gas present in the geothermal fluid. The work proposes the comparison of these layouts on an
innovative and coherent basis, starting the comparison from the geothermal reservoir conditions, according to the 
approach presented in [6] and aiming at an integrated- reservoir-plant approach [7].

The trade-off point between the two flash plant layouts, and, afterwards, between the best of them and the binary
plant, depends on both technical and economic aspects. In this paper, however, the focus will be on technical aspects
typical of the flash configuration, considering plant performance; environmental aspects and other possible peculiar 
technical problems (e.g. scaling) and economic aspects are left for future work.



Download English Version:

https://daneshyari.com/en/article/5444519

Download Persian Version:

https://daneshyari.com/article/5444519

Daneshyari.com

https://daneshyari.com/en/article/5444519
https://daneshyari.com/article/5444519
https://daneshyari.com

