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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

Industrial application of carbon recycling energy system technology driven by nuclear power as low-carbon new energy 
systems was discussed in this study.  For establishment of nuclear power contribution on low-carbon energy system in future, 
energy storage and energy carrier technologies for nuclear power are required.  Chemical energy storage would be an effective
candidate for energy carrier.  From the stand point of exergy, that is thermal energy quality, carbon media is higher quality than 
hydrogen.  Carbon dioxide (CO2) decompositions into carbon monoxide (CO) is candidate for the carbon energy carrier. Carbon 
recycling energy system driven by a nuclear power has potential for new energy storage and carrier technologies.  A new energy 
system of Active Carbon Recycle Energy System (ACRES) using CO as energy carrier driven by a high temperature gas cooled 
reactor (HTGR) was proposed for reduction of carbon dioxide emission and establishment of carbon supply security of a country.
The feasibility of an ironmaking system based on ACRES (iACRES) driven by HTGR was discussed as an example of nuclear 
industrial application by process numerical analysis. It was expected that ACRES was capable to be a carbon recycling energy 
system technology driven by nuclear power for industrial sector as a low-carbon energy system methodology.
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Nomenclature

ed Electrolysis degree [%]
m CO2 separated from furnace gas (reduced to electrolysis gas of CO and CO2 mixture) relative to total inlet 

reduction gas for the furnace [%]

1. Introduction

Industrial application of carbon recycling energy system technology driven by nuclear power as low-carbon new 
energy systems was discussed in this study.  Energy system designs are required to be changed following with social
structure. In energy consumption side, fossil fuel consumption and energy demand will increase globally.  Because 
Japan primary energy converted from nuclear power to natural gas, carbon dioxide emission per unit has been 
increased after 2011.  On the other hand, Japanese government declared to reduce 26% of domestic CO2 emission by 
2030 for global warming prevention in 2015.  Renewable energy is one of expected candidate, however, instability of 
the energy would cause difficulty of its implementation, because Japanese energy networks are isolated from others.  
For fulfillment of the reduction target, nuclear energy is still important non-fossil energy resources for not only power
production sector, but also industrial and other sectors.  For establishment of nuclear power contribution on low-
carbon energy system in future, energy storage and energy carrier technologies for nuclear power are required. Energy 
can be stored by electricity, kinetic potential, heat and chemical material.  Electricity battery is smart energy storage 
system, however, it is still expensive, and flammable risk for massive storage.  Chemical energy storage would be a 
candidate for energy carrier.  From the stand point of exergy ratio, carbon media is higher quality than hydrogen.  
Carbon dioxide (CO2) decompositions into carbon monoxide (CO) is candidate for the carbon energy carrier. 

CO2 → CO + 1/2O2 , ∆H = +283.0 kJ/mol (1) 

Carbon recycling energy system driven by a nuclear power has potential for new energy storage and carrier 
technologies.  High-temperature CO2 electrolysis reduction and CO production is able to be realized by solid oxide 
electrolysis cell (SOEC) [1]. A new energy carrier system of Active Carbon Recycle Energy System (ACRES) with 
SOEC driven by a high temperature gas cooled reactor (HTGR) was proposed for reduction of carbon dioxide emission 
and establishment of carbon supply security of a country [2]. Availability of industrial application of ACRES as low-
carbon energy system was discussed in this study.

2. Principle of ACRES

A concept of the proposed ACRES is shown in Figure 1.  Carbon dioxide (CO2) with/without water is the ground 
state of carbon.  CO2 is converted into carbon materials by non-fossil primary energy using some chemical 
technologies [3].  Produced carbon material is useful for co-production process.  The carbon materials provide thermal 
and electricity energies during oxidation into CO2.  The carbon materials are capable to be used as raw material for 
industrial materials.  The carbon materials are ease to be stored and transferred under lower compression pressure in 
comparison with H2.  The carbon materials have quite high affinity with common manufacturing industries.  If the 
carbon recycle system can be established thermally and kinetically, it is expected that the system is diffused easily 
into conventional industries.  Natural carbon recycle energy system has already been existed by plant lives in nature, 
and an ideal recycle system.  However, potential amount of bio-mass is not enough for a modern society.  Especially 
it is less than 10 % of all demand of energy in Japan.  The natural recycle system is not enough for energy demand in 
Japan.  Then, an artificial active carbon recycle system was proposed as ACRES in this study. 

http://crossmark.crossref.org/dialog/?doi=10.1016/j.egypro.2017.09.451&domain=pdf


	 Yukitaka Kato  et al. / Energy Procedia 131 (2017) 108–112� 109

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 organizing committee of the 5th International Symposium on Innovative Nuclear Energy Systems.

5th International Symposium on Innovative Nuclear Energy Systems, INES-5, 31 October – 2
November, 2016, Ookayama Campus, Tokyo Institute of Technology, JAPAN

Industrial Application of Carbon Recycling Energy System 
Technology Driven by Nuclear Power

Yukitaka Kato*

Laboratory for Advanced Nuclear Energy, Institute of Innovatire Research, Tokyo Institute of Technology, 
2-12-1-N1-22, Ookayama, Meguro-ku, Tokyo, 152-8550 Japan

Abstract

Industrial application of carbon recycling energy system technology driven by nuclear power as low-carbon new energy 
systems was discussed in this study.  For establishment of nuclear power contribution on low-carbon energy system in future, 
energy storage and energy carrier technologies for nuclear power are required.  Chemical energy storage would be an effective
candidate for energy carrier.  From the stand point of exergy, that is thermal energy quality, carbon media is higher quality than 
hydrogen.  Carbon dioxide (CO2) decompositions into carbon monoxide (CO) is candidate for the carbon energy carrier. Carbon 
recycling energy system driven by a nuclear power has potential for new energy storage and carrier technologies.  A new energy 
system of Active Carbon Recycle Energy System (ACRES) using CO as energy carrier driven by a high temperature gas cooled 
reactor (HTGR) was proposed for reduction of carbon dioxide emission and establishment of carbon supply security of a country.
The feasibility of an ironmaking system based on ACRES (iACRES) driven by HTGR was discussed as an example of nuclear 
industrial application by process numerical analysis. It was expected that ACRES was capable to be a carbon recycling energy 
system technology driven by nuclear power for industrial sector as a low-carbon energy system methodology.

© 2017 The Authors. Published by Elsevier Ltd.
Peer-review under responsibility of the organizing committee of the 5th International Symposium on Innovative Nuclear Energy 
Systems.

Keywords: carbon dioxide; carbon monoxide; carbon recycling;  HTGR; iron-making

* Corresponding author. Tel.: +0-000-000-0000 ; fax: +0-000-000-0000 .
E-mail address: author@institute.xxx 

2 Nepomuceno Maria Caprisse Azucena, Kato Yukitaka/ Energy Procedia 00 (2017) 000–000

Nomenclature

ed Electrolysis degree [%]
m CO2 separated from furnace gas (reduced to electrolysis gas of CO and CO2 mixture) relative to total inlet 

reduction gas for the furnace [%]

1. Introduction

Industrial application of carbon recycling energy system technology driven by nuclear power as low-carbon new 
energy systems was discussed in this study.  Energy system designs are required to be changed following with social
structure. In energy consumption side, fossil fuel consumption and energy demand will increase globally.  Because 
Japan primary energy converted from nuclear power to natural gas, carbon dioxide emission per unit has been 
increased after 2011.  On the other hand, Japanese government declared to reduce 26% of domestic CO2 emission by 
2030 for global warming prevention in 2015.  Renewable energy is one of expected candidate, however, instability of 
the energy would cause difficulty of its implementation, because Japanese energy networks are isolated from others.  
For fulfillment of the reduction target, nuclear energy is still important non-fossil energy resources for not only power
production sector, but also industrial and other sectors.  For establishment of nuclear power contribution on low-
carbon energy system in future, energy storage and energy carrier technologies for nuclear power are required. Energy 
can be stored by electricity, kinetic potential, heat and chemical material.  Electricity battery is smart energy storage 
system, however, it is still expensive, and flammable risk for massive storage.  Chemical energy storage would be a 
candidate for energy carrier.  From the stand point of exergy ratio, carbon media is higher quality than hydrogen.  
Carbon dioxide (CO2) decompositions into carbon monoxide (CO) is candidate for the carbon energy carrier. 

CO2 → CO + 1/2O2 , ∆H = +283.0 kJ/mol (1) 

Carbon recycling energy system driven by a nuclear power has potential for new energy storage and carrier 
technologies.  High-temperature CO2 electrolysis reduction and CO production is able to be realized by solid oxide 
electrolysis cell (SOEC) [1]. A new energy carrier system of Active Carbon Recycle Energy System (ACRES) with 
SOEC driven by a high temperature gas cooled reactor (HTGR) was proposed for reduction of carbon dioxide emission 
and establishment of carbon supply security of a country [2]. Availability of industrial application of ACRES as low-
carbon energy system was discussed in this study.

2. Principle of ACRES

A concept of the proposed ACRES is shown in Figure 1.  Carbon dioxide (CO2) with/without water is the ground 
state of carbon.  CO2 is converted into carbon materials by non-fossil primary energy using some chemical 
technologies [3].  Produced carbon material is useful for co-production process.  The carbon materials provide thermal 
and electricity energies during oxidation into CO2.  The carbon materials are capable to be used as raw material for 
industrial materials.  The carbon materials are ease to be stored and transferred under lower compression pressure in 
comparison with H2.  The carbon materials have quite high affinity with common manufacturing industries.  If the 
carbon recycle system can be established thermally and kinetically, it is expected that the system is diffused easily 
into conventional industries.  Natural carbon recycle energy system has already been existed by plant lives in nature, 
and an ideal recycle system.  However, potential amount of bio-mass is not enough for a modern society.  Especially 
it is less than 10 % of all demand of energy in Japan.  The natural recycle system is not enough for energy demand in 
Japan.  Then, an artificial active carbon recycle system was proposed as ACRES in this study. 



Download English Version:

https://daneshyari.com/en/article/7919235

Download Persian Version:

https://daneshyari.com/article/7919235

Daneshyari.com

https://daneshyari.com/en/article/7919235
https://daneshyari.com/article/7919235
https://daneshyari.com

