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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 purpose of this study is to identify the indicators needed to analyze the competitiveness of major countries’ energy 
technologies and to conduct empirical analysis accordingly. In this paper, nine measurement variables were derived as an index 
centered on patents and papers for energy technology competitiveness analysis. For each of the nine set measurement variables, 
the index for each of the major energy technologies (photovoltaics, fuel cells, and secondary batteries) was calculated, compared, 
and analyzed for each of the eight major countries. 
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1. Introduction 

Energy technology is emerging as an optimal alternative to sustainable development, addressing climate change 
and energy issues. As a result, the number of investments in energy technology development has increased, and 
various domestic and foreign actors have been promoting energy technology development in various forms, and the 
need for efficiency improvement and competitiveness of energy technology development is increasing. In order to 
enhance competitiveness of energy technology through strengthening energy technology capacity, accurate diagnosis 
and evaluation of energy technology innovation capacity level by country is necessary. A variety of qualitative and 
quantitative methods for comparing and evaluating technological competitiveness among countries have been 
proposed.  

In this paper, we set up indicators centering on patents and papers, and analyzed the competitiveness of energy 
technologies by major countries. To do this, nine measurement variables in the field of papers and patents were 
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identified as an index for analyzing the competitiveness of energy technology, and empirical analysis was conducted 
on photovoltaics, fuel cells and secondary batteries of 8 major countries. 

2. How to Analyze Energy Technology Competitiveness and Set Indicators 

2.1. Analysis method of energy technology competitiveness 

The competitiveness of energy technology was divided into five stages (index identification, statistics and basic data 
collection, standardization of indicators, missing values processing, comprehensive index derivation and analysis).  

step 1 (index identification) Identification of the three major categories that conceptually constitute the 
competitiveness of energy technology and the nine sub-categories that can be measured. 

step 2 (statistics and basic data collection) Using proven sources that are internationally reliable and cross-
national comparable, such as OECD. 

step 3 (standardization of indicators) Applying the rescaling method to evaluate the measurement units or 
indicators with different distributions on the same standard. 

step 4 (missing values processing) For the data processing, missing data was deleted and a simple average was 
applied. 

step 5 (comprehensive index derivation and analysis) Derivation of composite index composed of total 9 indicators, 
and analysis of technical competitiveness. 

2.2. Setting indicators 

The indicators for the competitiveness analysis of energy technology were classified into three latent factors and 
nine measurement variables. The latent factor was split into 3 criteria – innovativeness, technicality, and 
marketability. Innovativeness indicates academic creativity, technicality indicates technical leading, and 
marketability indicates market potential. Next, each criterion was divided into characteristic factors in the 
measurement variables. The detailed characteristics in the measurement variables consist of 9 factors: Number of 
Papers (NP), Paper Intensity Index (PII), Paper Citation Index (PCI), Number of Patent Application (NPA), Number 
of Patent Registration (NPR), Patent Impact Index (PIIn), Market Securing Index (MSI), Concentration Ratio (CR4), 
and Herfindahl-HerschmanIndex(HHI) (Table 1 and Fig 1). 

Table 1. The analysis index structure for assessing energy technology competitiveness. 

latent factor Measurement Variables Definition & Formula 
1. 

Innovativeness 
1-1. Number of Papers (NP) ∙ Number of papers registered in SCOPUS 

1-2. Paper Intensity Index 
 (PII) 

∙ An analysis index indicating on which technical field a certain country concentrates 
technology innovation activities relatively more than other countries. 

∙ PII = (Number of papers on a specific technology in a certain country/Total number 
of papers on a specific technology) ÷ (Total number of papers in a certain 
country/Total number of papers) 

1-3. Paper Citation Index 
(PCI)) 

∙ An analysis index helping compare quality level of papers in a certain country on a 
specific technical field with other countries. 

∙ PCI = (Paper citation counts on a specific technology in a certain country) ÷  
(Total paper citation counts on a specific technology) 

2. 
Technicality 

2-1. Number of Patent  
Application  (NPA) 

∙ The sum of patent application numbers in KIPO, USPTO, JPO, EPO 

2-2. Number of Patent 
Registration (NPR) 

∙ The sum of patent registration numbers in KIPO, USPTO, JPO, EPO 

2-3. Patent Impact Index 
(PIIn) 

∙ An analysis index helping compare quality level of a specific technology in a 
certain country with other countries. 

∙ PIIn = {(Number of cited patents of a certain country’s technology/Number of 
patent application of a certain country’s technology)} ÷ {(Total number of 
cited patents/Total number of patent applications)} 

3. 
Marketability 

3-1. Market Securing Index 
(MSI) 

∙ An index helping determine market securement through patents. 
∙ MSI = (Average number of families of an applicant’s nation) ÷  

(A total of average number of families) 
3-2. Concentrate Ratio 

(CR4) 
∙ The sum of the market share of the top four firms; A state of market competition 

inducing the application of a new technology. 
3-3. Herfindahl-Herschman  

Index (HHI) 
∙ Evaluate market competitiveness through the extent of market concentration. 
∙ 
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1. Introduction 

Energy technology is emerging as an optimal alternative to sustainable development, addressing climate change 
and energy issues. As a result, the number of investments in energy technology development has increased, and 
various domestic and foreign actors have been promoting energy technology development in various forms, and the 
need for efficiency improvement and competitiveness of energy technology development is increasing. In order to 
enhance competitiveness of energy technology through strengthening energy technology capacity, accurate diagnosis 
and evaluation of energy technology innovation capacity level by country is necessary. A variety of qualitative and 
quantitative methods for comparing and evaluating technological competitiveness among countries have been 
proposed.  

In this paper, we set up indicators centering on patents and papers, and analyzed the competitiveness of energy 
technologies by major countries. To do this, nine measurement variables in the field of papers and patents were 
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identified as an index for analyzing the competitiveness of energy technology, and empirical analysis was conducted 
on photovoltaics, fuel cells and secondary batteries of 8 major countries. 

2. How to Analyze Energy Technology Competitiveness and Set Indicators 

2.1. Analysis method of energy technology competitiveness 

The competitiveness of energy technology was divided into five stages (index identification, statistics and basic data 
collection, standardization of indicators, missing values processing, comprehensive index derivation and analysis).  

step 1 (index identification) Identification of the three major categories that conceptually constitute the 
competitiveness of energy technology and the nine sub-categories that can be measured. 

step 2 (statistics and basic data collection) Using proven sources that are internationally reliable and cross-
national comparable, such as OECD. 

step 3 (standardization of indicators) Applying the rescaling method to evaluate the measurement units or 
indicators with different distributions on the same standard. 

step 4 (missing values processing) For the data processing, missing data was deleted and a simple average was 
applied. 

step 5 (comprehensive index derivation and analysis) Derivation of composite index composed of total 9 indicators, 
and analysis of technical competitiveness. 

2.2. Setting indicators 

The indicators for the competitiveness analysis of energy technology were classified into three latent factors and 
nine measurement variables. The latent factor was split into 3 criteria – innovativeness, technicality, and 
marketability. Innovativeness indicates academic creativity, technicality indicates technical leading, and 
marketability indicates market potential. Next, each criterion was divided into characteristic factors in the 
measurement variables. The detailed characteristics in the measurement variables consist of 9 factors: Number of 
Papers (NP), Paper Intensity Index (PII), Paper Citation Index (PCI), Number of Patent Application (NPA), Number 
of Patent Registration (NPR), Patent Impact Index (PIIn), Market Securing Index (MSI), Concentration Ratio (CR4), 
and Herfindahl-HerschmanIndex(HHI) (Table 1 and Fig 1). 

Table 1. The analysis index structure for assessing energy technology competitiveness. 

latent factor Measurement Variables Definition & Formula 
1. 

Innovativeness 
1-1. Number of Papers (NP) ∙ Number of papers registered in SCOPUS 

1-2. Paper Intensity Index 
 (PII) 

∙ An analysis index indicating on which technical field a certain country concentrates 
technology innovation activities relatively more than other countries. 

∙ PII = (Number of papers on a specific technology in a certain country/Total number 
of papers on a specific technology) ÷ (Total number of papers in a certain 
country/Total number of papers) 

1-3. Paper Citation Index 
(PCI)) 

∙ An analysis index helping compare quality level of papers in a certain country on a 
specific technical field with other countries. 

∙ PCI = (Paper citation counts on a specific technology in a certain country) ÷  
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2. 
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2-1. Number of Patent  
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3. 
Marketability 

3-1. Market Securing Index 
(MSI) 

∙ An index helping determine market securement through patents. 
∙ MSI = (Average number of families of an applicant’s nation) ÷  

(A total of average number of families) 
3-2. Concentrate Ratio 

(CR4) 
∙ The sum of the market share of the top four firms; A state of market competition 

inducing the application of a new technology. 
3-3. Herfindahl-Herschman  

Index (HHI) 
∙ Evaluate market competitiveness through the extent of market concentration. 
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step 1 (index identification) Identification of the three major categories that conceptually constitute the 
competitiveness of energy technology and the nine sub-categories that can be measured. 

step 2 (statistics and basic data collection) Using proven sources that are internationally reliable and cross-
national comparable, such as OECD. 

step 3 (standardization of indicators) Applying the rescaling method to evaluate the measurement units or 
indicators with different distributions on the same standard. 

step 4 (missing values processing) For the data processing, missing data was deleted and a simple average was 
applied. 

step 5 (comprehensive index derivation and analysis) Derivation of composite index composed of total 9 indicators, 
and analysis of technical competitiveness. 

2.2. Setting indicators 

The indicators for the competitiveness analysis of energy technology were classified into three latent factors and 
nine measurement variables. The latent factor was split into 3 criteria – innovativeness, technicality, and 
marketability. Innovativeness indicates academic creativity, technicality indicates technical leading, and 
marketability indicates market potential. Next, each criterion was divided into characteristic factors in the 
measurement variables. The detailed characteristics in the measurement variables consist of 9 factors: Number of 
Papers (NP), Paper Intensity Index (PII), Paper Citation Index (PCI), Number of Patent Application (NPA), Number 
of Patent Registration (NPR), Patent Impact Index (PIIn), Market Securing Index (MSI), Concentration Ratio (CR4), 
and Herfindahl-HerschmanIndex(HHI) (Table 1 and Fig 1). 

Table 1. The analysis index structure for assessing energy technology competitiveness. 

latent factor Measurement Variables Definition & Formula 
1. 

Innovativeness 
1-1. Number of Papers (NP) ∙ Number of papers registered in SCOPUS 

1-2. Paper Intensity Index 
 (PII) 

∙ An analysis index indicating on which technical field a certain country concentrates 
technology innovation activities relatively more than other countries. 

∙ PII = (Number of papers on a specific technology in a certain country/Total number 
of papers on a specific technology) ÷ (Total number of papers in a certain 
country/Total number of papers) 

1-3. Paper Citation Index 
(PCI)) 

∙ An analysis index helping compare quality level of papers in a certain country on a 
specific technical field with other countries. 

∙ PCI = (Paper citation counts on a specific technology in a certain country) ÷  
(Total paper citation counts on a specific technology) 

2. 
Technicality 

2-1. Number of Patent  
Application  (NPA) 
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Registration (NPR) 
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certain country with other countries. 
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3. 
Marketability 

3-1. Market Securing Index 
(MSI) 

∙ An index helping determine market securement through patents. 
∙ MSI = (Average number of families of an applicant’s nation) ÷  

(A total of average number of families) 
3-2. Concentrate Ratio 

(CR4) 
∙ The sum of the market share of the top four firms; A state of market competition 

inducing the application of a new technology. 
3-3. Herfindahl-Herschman  

Index (HHI) 
∙ Evaluate market competitiveness through the extent of market concentration. 
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