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Background
	Relatively to its number of inhabitants, Norway hosts a large number of energy-intensive industries, producing, e.g., aluminium, silicium, manganese, generally attracted by the relatively low-priced, low-carbon energy. In an early effort to reduce CO2-equivalent emissions at national level, the Norwegian government implemented policy instruments in 1975 supporting the electrification of energy-intensive processes. This successful effort was then followed by an increasing focus on the energy efficiency in the industry. What makes Norway unique in this respect, is that most of the supportive mechanisms have been implemented earlier than those at European level and have generally generated a deeper impact on the energy use in the industry than the policy instruments at European level. 

	One of the specific impacts of the implemented national policy instruments has been the utilization of industrial excess heat in Norway. ENOVA SF[footnoteRef:1] commissioned an exhaustive study in 2008 on the potential for utilization of industrial excess heat in Norway[footnoteRef:2]. Beyond quantifying the available excess heat, the study pointed out some key barriers associated to the harvest of this untapped resource: [1:  ENOVA SF – Norwegian agency to support low-emissions society and industry - https://www.enova.no/about-enova]  [2:  Sollesnes, G.; Helgerud, H.E., Utnyttelse av spillvarme fra norsk industri; ENOVA, Norsk Energi, NEPAS, 28769TU0001. 2009] 

· Economic challenges, both in terms of profitability and capital investment
· Technical challenges, e.g., low temperature levels of excess heat, duration, pollutants within source flow
· Technical limitations, e.g., availability of key components, interest in Norway as a market
· Geographical distance between excess heat sources and potential heat sinks (e.g. district heating)
· Organizational challenges, e.g., difficulties to implement new and unconventional technologies, culture and interest in efficient energy utilization
· Missing political incentives and financial support.

	Thereafter, the government, and especially through ENOVA SF, implemented a number of new instruments addressing directly all the above-mentioned barriers, effectively impacting the utilization of industrial excess heat in Norway. Incentives can take the forms of financial support, additional taxes or counselling for example. Inventories of existing policy instruments with an impact on utilization of industrial excess heat have been previously carried out in research projects involving SINTEF and/or other Norwegian research partners, such as KPN INTERACT[footnoteRef:3], H2020 WaterWatt[footnoteRef:4], FME HighEFF[footnoteRef:5] and H2020 ODYSSEE-MURE[footnoteRef:6]. A complete list of relevant policy instruments is available in the Norwegian National Report[footnoteRef:7] with detailed references. [3:  Research project KPN INTERACT (2014-2017), supported by the Research Council of Norway under grant #228656/E20]  [4:  H2020 research project WaterWatt, funded by the European Commission under grant agreement #695820.]  [5:  FME HighEFF (2016-2024), centre for environment-friendly energy research, supported by the Research Council of Norway]  [6:  H2020 research project ODYSSEE-MURE, funded by the European Commission]  [7:  Sevault A., Tranås O.L., Mazzetti M., Industrial Excess Heat Recovery – Status of the Norwegian Industry, SINTEF Energy Research Report 2018:00856] 

Policy instruments with high impact on utilization of industrial excess heat
CO2 taxes, in addition to EU CO2 Emission Trading Scheme (ETS)
Norway was one of the first countries in the world to implement in the oil & gas sector a specific tax on emissions from fossil fuels combustion. The rate for 2018 for the CO2 tax is 1.06 NOK (0.11 EUR) per Sm3 gas or liter oil. For combustion of natural gas, this corresponds to 453 NOK (~47 EUR) per ton of CO2. For methane emitted to the air, the rate is 7.16 NOK (0.75 EUR) per Sm3 of methane. The oil & gas sector represents about a quarter of Norway's CO2eq emissions. Norway kept the CO2 tax for oil & gas sector also after the sector was finally included in the EU CO2 ETS in 2008, maintaining overall CO2 tax rates as high as before.

Approximately 50 % of Norwegian emissions are included in the EU CO2 ETS. The following sectors of industry are included: pulp & paper, district heating, gas power plants, gas terminals, offshore oil & gas production, refineries, non-metallic minerals, steel production, aluminium production, ferroalloys, chemical industry. In total, 137 companies were included in the system in 2016. The Norwegian GHG emissions from industries in the EU CO2 ETS system were reduced by 0.5 million tons from 2015 to 2016, especially due to lower emissions from petroleum activities, oil refineries and production of fertilizers. The emissions were 25.15 million tons in 2016 which is at the same level as in 2014.

References: 
· Policy mapper - ODYSSEE-MURE - EU H2020 project - http://www.measures-odyssee-mure.eu/mapper-energy-efficiency-policy-industry.asp?Country=Norway (2018-05-15)
· Taxes and fees in Norway in 2018 - https://www.regjeringen.no/no/tema/okonomi-og-budsjett/skatter-og-avgifter/avgiftssatser-2018/id2575160/ (2018-05-15)
· Klimakur 2020 - Sektoriell tiltaksanalyse petroleumssektoren - Norwegian Petroleum Department - Report - 2010-02-15
ENOVA SF
Each year, ENOVA SF invests more than 2000 MNOK (210 MEUR) of public resources in solutions that help build a green Norway for tomorrow. Since its establishment in 2001, ENOVA SF has supported more than 7000 projects (including private households) representing more than 22 TWh in energy savings. Generally, the grants do not exceed 50 % of total approved project costs and the companies sign a contractual engagement to a quantified energy saving/conversion. A number of effective measures enhancing the utilization of industrial excess heat are listed below:

· Energy management - companies in networks: Addressed to small- and medium-sized companies with an annual energy consumption of at least 0.5 GWh. Companies working in project networks can apply for support for energy audits and energy management systems. 
· Support for introduction of new technology for renewable heating and cooling plants: (1) Establishment of infrastructure and associated power plant based on renewable energy sources; (2) Extension and reduction of existing district heating plants and district cooling plants; (3) Conversion to renewable energy production in existing heating plant.
· Support for introduction of new technology for renewable power plants: (1) Establishment of infrastructure and associated power plant based on renewable energy sources; (2) Conversion to renewable power production in existing power plant.
· Energy and climate measures in industry and facilities: Addressed to process-related industrial installations (e.g. aquaculture, water and sewers, swimming-pool and ice-skating halls, energy recovery plants). Companies can get support for installations regarding (1) Energy measures affecting power use: efficiency, energy recovery, conversion and production; (2) Climate measures to either reduce CO2 emissions through reduced use of fossil fuels or measures that reduce greenhouse gases other than CO2.
· Pilot, demonstration and full-scale innovative energy and climate technologies: Financial support to test, demonstrate at pilot or full-scale innovative technologies for industry's processes or improve energy or climate performance compared to existing solutions. 
· Support to the introduction of energy management in industry and equipment: (1) Financial support for analysis and establishment of action lists in industry and construction companies. (2) Financial support for mapping, studies and analysis, including the introduction of measurement equipment and tools necessary for the establishment of action lists and a systematic follow-up of the company's energy use. 
References:
· Analysis of regulatory frameworks for energy efficiency and environment sustainability - EU H2020 project WaterWatt - Report - 2016
· Fjernvarme og fjernkjøling - ENOVA - https://www.enova.no/bedrift/energisystem/fjernvarme-og-fjernkjoling-/ (2018-05-15)
· ENOVA Annual Report 2016
· Energi- og klimatiltak i industri og anlegg - ENOVA - https://www.enova.no/bedrift/industri-og-anlegg/energi--og-klimatiltak-i-industri-og-anlegg/ (2018-5-15)
· Industri og anlegg - ENOVA - https://www.enova.no/bedrift/industri-og-anlegg/ (2018-05-15)
· Energiledelse i industri og anlegg - ENOVA - https://www.enova.no/bedrift/industri-og-anlegg/energiledelse-i-industri-og-anlegg/ (2018-05-15)
Funding for external R&D support
[bookmark: _GoBack]The Research Council of Norway (RCN) serves as the chief advisory body for the government authorities on research policy issues and distributes about nine billions NOK to research and innovation activities each year. ENERGIX is a large research-funding programme of the RCN focusing on renewable energy, energy efficiency, energy systems and energy regulations. ENERGIX started in 2013 and targets Norwegian companies and research and educational institutions. ENERGIX contributes to achieve key energy and industrial policy objectives and is an important instrument in the implementation of the national ENERGI21 R&D strategy. Projects should enhance long-term competence-building that will further the development of the energy industry and related industries, such as the energy processing industry and the supplier industry. The largest research project of ENERGIX and of Norway is FME HighEFF - Centre for an Energy Efficient and Competitive Industry for the Future, with a budget of 480 MNOK (50.2 MEUR) over 8 years. FME HighEFF is a Centre for Environment-friendly Energy Research (FME), funded by the RCN and industry partners.

ENERGI21 is the Norwegian national strategy for research, development, demonstration and commercialization of new energy technology. It is the Ministry of Petroleum and Energy’s permanent strategic body for research, development and demonstration in the energy sector. The main purpose of the ENERGI21 strategy reports is to provide the Ministry of Petroleum and Energy with recommendations on future strategic priority areas for efforts to develop new climate-friendly, environment-friendly solutions in the energy sphere. The ENERGI21 strategy documents are drawn up in cooperation with trade and industry, academia and the relevant authorities.

References:
· Large-scale programme for energy research (ENERGIX) - Research Council of Norway - https://www.forskningsradet.no/prognett-energix/Home_page/1253980140022 (2018-05-15)
· Underveisevaluering av ENERGIX - Sekretariatets rapport til ekspertgruppen - Oxford Research - Report - 2016 
· Energi21 - https://energi21.no/prognett-energi21/About_Energi21/1253955410679 (2018-05-15)
· Energi21 - https://energi21.no/prognett-energi21/Artikkel/NATIONAL_STRATEGY/1254009659799 (2018-05-15)
[bookmark: _Toc523315408]Conclusions 
	There is a wide range of policy instruments impacting the utilization of industrial excess heat in Norway. A number of them were identified as successful due to their higher impact, especially within the measures managed by the Norwegian agency ENOVA SF. The policy instruments in place, and especially the financial support of ENOVA SF, led to a high number of technology implementations to utilize available excess heat in the industry, either internally or externally. Part of the success is due to the contractual requirement of ENOVA SF to account for the spared energy after implementations and to match the figures presented in the funding application. Another part of the success of these measures is the possibility to monetize the external utilization of excess heat for district heating, whose market has significantly grown in the last decade in Norway. Research projects focusing on utilization of industrial excess heat have also greatly contributed to raise awareness in the industry.
