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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 

Manufacturing firms’ ability to innovate and improve their energy efficiency (EE) is a key element in reducing 
emission of greenhouse gases (GHG) and attain international objectives of climate change mitigation. Despite an 
urgent need for more knowledge drivers for EE in manufacturing firms, there is still little research on the topic. Taking 
departure in the EE and environmental innovation literature we analyse the role of motivational factors and firm 
characteristics (education, R&D and cooperation strategies) as drivers for EE. Employing a logit model on a panel 
data from the Norwegian Community Innovation Survey (CIS) on manufacturing firms for the period 2010–2014, we 
examine how the drivers impact companies’ investments in EE. Our empirical results show that the level of education 
and cooperation with competitors as well as universities and research institutions have a positive effect on investments 
on EE. The size of the company is also positively related to EE. We did however not find support for the hypothesis 
that R&D are positively related to EE investments.  
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1. Introduction  

There is a global consensus of the correlation between energy consumption and greenhouse gas emissions (GHG). 
The industrial sector is one of the main consumer of energy (IEA, 2013), hence the sectors ability to innovate and 
improve their energy efficiency (EE) is an important mean to climate change mitigation. 

Energy efficient technologies are both energy-efficient and cost-effective [1]. Increased energy prices, stricter 
environmental laws, and new supply and demand policies like the European Union Emissions Trading System (EU 
ETS) have generated increased call for EE and related reduction of energy costs in industrial companies.  

However, research witness an unexploited potential for EE in manufacturing sector [2], and the existence of an EE 
gap [3]. The difference between the actual level of EE and what theoretically could be reached, given that all cost-
effective technologies are implemented, is referred to as the EE gap [3]. Several policy initiatives, such as the EU 
2030 energy and climate framework, are launched in order to close the gap. Although the industrial sector has 
continuously improved its EE over the last three decades [4], it still holds significant potential for further 
improvements [5]. In order to further stimulate EE in manufacturing firms, there is a need for a deeper understanding 
of the factors that drives the actual implementation of EE technologies.  

An emerging literature indicate that there is a link between organizational innovativeness and EE in manufacturing 
firms [2, 6, 7]. However, this link is still not well understood. In this study we contribute to this literature by analyzing 
firm characteristics that drive EE innovations compared with other process innovative manufacturing firms. To do 
this we have developed a logit regression model on a panel data from the Norwegian CIS for the period 2010-2014.    

2. Literature review and research hypothesis      

Following the definitions in the Oslo Manual (OECD), the implementation of EE measures can be considered as 
process innovations. One could therefore assume that policies supporting general innovation would also lead to the 
implementation of EE measures. However, EE improvements has distinctive and additional features. Firstly, EE 
improvements are process-innovations. Research show that product and process innovations not necessarily have the 
same determinants [8, 9]. Secondly, EE measures can be considered as eco-innovations [10], which again are affected 
by the double externality problem [11]. Research on eco-innovations show that some drivers, such as public policies, 
cooperation and internal capabilities, play a more prominent role as specific determinants for such innovations [9].  

To properly design policies to stimulate EE in manufacturing firms it is necessary to understand which drivers and 
firm characteristic that promote implementation of EE. A study on a multiple case study of the foundry sector in Italy 
found that internal R&D complemented with inbound open innovations practices have a positive effect on EE [6]. 
However, this study does not allow comparing characteristics of energy efficient firms with other innovative firms. 
Another study using data from the European Manufacturing Survey 2009 from five European countries, show that 
product and process innovations are positively related to adoption of EE technologies [2]. However, the study does 
not address the underlying factors causing this link. A third study, analyzed determinants of EE in Spanish innovative 
firms, using a logit model and data from the Technological Innovations Panel [7]. They found that company size, 
environmental motivation and organizational innovations are firm characteristics that have a positive effect on EE. 
However, their data sample includes both process and product innovations. A study from Germany used data from the 
German CIS and a probit model when studying determinants of eco-innovations [12]. The study, made a distinction 
of determinants by type of environmental impact, allowing identifying the determinants of eco-innovations within the 
firm (process innovations). The researchers found that cost savings are the main driver for energy saving innovations. 
In addition, they found that the reduction of environmental impact is a strong driver for air emission innovations. 
However, the study is based on an analysis of the specificities of eco-innovations compared with other innovations 
including both product and process innovations. Hence, it is impossible to determine to what extent the findings related 
to the differences in determinants of process vs product innovations. To gain some insights to this blind spot in the 
literature, we test some hypothesis based on previous research on EE and eco-innovations.   

Research show that environmental innovations are more knowledge demanding than other innovations [13-16]. 
Advanced knowledge production require specialization of individuals. Higher education contribute to specialisation 
of  individual, and increase the level of common knowledge in an organization [17]. The role of education has received 
little attention in the EE literature. Some of the few contributions argue that education and training stimulate a proper 

http://crossmark.crossref.org/dialog/?doi=10.1016/j.egypro.2017.12.425&domain=pdf


 Mette Talseth Solnørdal  et al. / Energy Procedia 142 (2017) 2802–2808 2803
 

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 9th International Conference on Applied Energy.  

9th International Conference on Applied Energy, ICAE2017, 21-24 August 2017, Cardiff, UK 

Drivers for energy efficiency: an empirical analysis of Norwegian 
manufacturing firms  

Mette Talseth Solnørdala*, Sverre Braathen Thyholdta  
aUiT The Arctic University of Norway, Pb 6050 Langnes, Tromsø 9037, Norway 

Abstract 

Manufacturing firms’ ability to innovate and improve their energy efficiency (EE) is a key element in reducing 
emission of greenhouse gases (GHG) and attain international objectives of climate change mitigation. Despite an 
urgent need for more knowledge drivers for EE in manufacturing firms, there is still little research on the topic. Taking 
departure in the EE and environmental innovation literature we analyse the role of motivational factors and firm 
characteristics (education, R&D and cooperation strategies) as drivers for EE. Employing a logit model on a panel 
data from the Norwegian Community Innovation Survey (CIS) on manufacturing firms for the period 2010–2014, we 
examine how the drivers impact companies’ investments in EE. Our empirical results show that the level of education 
and cooperation with competitors as well as universities and research institutions have a positive effect on investments 
on EE. The size of the company is also positively related to EE. We did however not find support for the hypothesis 
that R&D are positively related to EE investments.  
 
© 2017 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the scientific committee of the 9th International Conference on Applied Energy. 

Keywords: Energy Efficiency; Drivers; Process Innovations; Manufacturing Sector; Norway 

 

 
* Corresponding author. Tel.: +47-957-69078 

E-mail address: mette.solnordal@uit.no 

2 Mette T. Solnørdal and Sverre B. Thyholdt / Energy Procedia 00 (2017) 000–000 

1. Introduction  

There is a global consensus of the correlation between energy consumption and greenhouse gas emissions (GHG). 
The industrial sector is one of the main consumer of energy (IEA, 2013), hence the sectors ability to innovate and 
improve their energy efficiency (EE) is an important mean to climate change mitigation. 

Energy efficient technologies are both energy-efficient and cost-effective [1]. Increased energy prices, stricter 
environmental laws, and new supply and demand policies like the European Union Emissions Trading System (EU 
ETS) have generated increased call for EE and related reduction of energy costs in industrial companies.  

However, research witness an unexploited potential for EE in manufacturing sector [2], and the existence of an EE 
gap [3]. The difference between the actual level of EE and what theoretically could be reached, given that all cost-
effective technologies are implemented, is referred to as the EE gap [3]. Several policy initiatives, such as the EU 
2030 energy and climate framework, are launched in order to close the gap. Although the industrial sector has 
continuously improved its EE over the last three decades [4], it still holds significant potential for further 
improvements [5]. In order to further stimulate EE in manufacturing firms, there is a need for a deeper understanding 
of the factors that drives the actual implementation of EE technologies.  

An emerging literature indicate that there is a link between organizational innovativeness and EE in manufacturing 
firms [2, 6, 7]. However, this link is still not well understood. In this study we contribute to this literature by analyzing 
firm characteristics that drive EE innovations compared with other process innovative manufacturing firms. To do 
this we have developed a logit regression model on a panel data from the Norwegian CIS for the period 2010-2014.    

2. Literature review and research hypothesis      

Following the definitions in the Oslo Manual (OECD), the implementation of EE measures can be considered as 
process innovations. One could therefore assume that policies supporting general innovation would also lead to the 
implementation of EE measures. However, EE improvements has distinctive and additional features. Firstly, EE 
improvements are process-innovations. Research show that product and process innovations not necessarily have the 
same determinants [8, 9]. Secondly, EE measures can be considered as eco-innovations [10], which again are affected 
by the double externality problem [11]. Research on eco-innovations show that some drivers, such as public policies, 
cooperation and internal capabilities, play a more prominent role as specific determinants for such innovations [9].  

To properly design policies to stimulate EE in manufacturing firms it is necessary to understand which drivers and 
firm characteristic that promote implementation of EE. A study on a multiple case study of the foundry sector in Italy 
found that internal R&D complemented with inbound open innovations practices have a positive effect on EE [6]. 
However, this study does not allow comparing characteristics of energy efficient firms with other innovative firms. 
Another study using data from the European Manufacturing Survey 2009 from five European countries, show that 
product and process innovations are positively related to adoption of EE technologies [2]. However, the study does 
not address the underlying factors causing this link. A third study, analyzed determinants of EE in Spanish innovative 
firms, using a logit model and data from the Technological Innovations Panel [7]. They found that company size, 
environmental motivation and organizational innovations are firm characteristics that have a positive effect on EE. 
However, their data sample includes both process and product innovations. A study from Germany used data from the 
German CIS and a probit model when studying determinants of eco-innovations [12]. The study, made a distinction 
of determinants by type of environmental impact, allowing identifying the determinants of eco-innovations within the 
firm (process innovations). The researchers found that cost savings are the main driver for energy saving innovations. 
In addition, they found that the reduction of environmental impact is a strong driver for air emission innovations. 
However, the study is based on an analysis of the specificities of eco-innovations compared with other innovations 
including both product and process innovations. Hence, it is impossible to determine to what extent the findings related 
to the differences in determinants of process vs product innovations. To gain some insights to this blind spot in the 
literature, we test some hypothesis based on previous research on EE and eco-innovations.   

Research show that environmental innovations are more knowledge demanding than other innovations [13-16]. 
Advanced knowledge production require specialization of individuals. Higher education contribute to specialisation 
of  individual, and increase the level of common knowledge in an organization [17]. The role of education has received 
little attention in the EE literature. Some of the few contributions argue that education and training stimulate a proper 



https://isiarticles.com/article/96655

