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Preface

Denmark holds the presidency for the Nordic Council of Ministers in 2015, in co-operation with Greenland and the Faroe Islands. Focus is on growth, welfare, values and the Arctic.

Under this presidency, Denmark has launched projects within the focus areas in order to strengthen Nordic co-operation. Digitalisation and automation in the Nordic manufacturing sector is one of these projects.

The first step of the project is this report. It gives an overview of similarities and differences in the manufacturing sectors of the Nordic countries, and it looks into the status and potentials for digitalisation and automation. Furthermore, it examines the barriers for the different types of businesses that hinder implementation or development of digitalisation and automation. Finally, it reviews the political initiatives taken by the Nordic countries, benchmarked with the initiatives taken in Germany and the United Kingdom.

The Danish Presidency project will continue in 2016 and 2017, promoting learning and inspiration across the Nordic countries, as well as developing proposals for new Nordic initiatives. This is done in order to overcome the barriers of digitalisation and automation for different types of manufacturing businesses in the Nordic countries. The aim is to unleash the potential for the Nordic manufacturing sector, to meet the challenges and opportunities of new advanced production technologies and new business models that the technologies entail.


1. Summary and perspectives

1.1 The state of Nordic manufacturing

Nordic manufacturing has undergone dramatic changes during the last two decades. The term “deindustrialisation” is often used to describe the development, as thousands of manufacturing jobs annually have been lost in the Nordic countries, as well as in other Western countries.

Figure 1.1 shows the development in manufacturing employment as a share of total employment in all Nordic countries since 1991.


Figure 1.1: Employment in manufacturing as a share of total employment In the Nordic countries, 1991–2013

[image: image]

Source: www.dst.dk/nordicstatistics (LABO01)



On average, the manufacturing’s share of employment has dropped by approximately 6 percentage points over the last two decades. In absolute numbers, employment in Nordic manufacturing has been reduced by approximately 500,000 people since 1991.

There are several explanations for the decrease in manufacturing employment. This include offshoring of production, loss of competitiveness vis-à-vis newly industrialised countries, outsourcing of non-core activities to service providers, as well as productivity gains that reduce the need for workers.

However, in the report it is a highly important conclusion that manufacturing matters! The sector is still crucial for our economies and for wealth creation. This is revealed in following facts:

• Manufacturing has a superior productivity performance. On average, manufacturing productivity grow by more 3 percent annually in the Nordic countries, as opposed to less than one percent in the total economy.

• More than 50 percent of our exports stem from the manufacturing sector, which makes the sector very important for the balance of trade and for foreign exchange earnings. Between 33 percent (Norway) and 77 percent (Finland) of private research and development are carried out in manufacturing. Thus, the sector is of high importance for our ability to develop new technologies, including digital technologies, to be used in the society as a whole.

• Manufacturing companies draw on a number of sub suppliers in the service sector. In this regard, new jobs in the manufacturing industry create new jobs in the service sector.

1.2 Structure and transformation of Nordic manufacturing

The Nordic manufacturing sectors have many common features. The report concludes that

• manufacturing jobs are geographical widely spread across each country with the lowest shares of total employment in the capital regions. In other words, manufacturing is an important sector in order to keep the job creation balanced between capitals and big cities on the one hand and rural areas on the other hand

• most manufacturing companies are small companies, but big multinational companies at the same time represent a high share of employment, research and development and value added. Especially in Finland and Sweden, multinational companies play a vital role for manufacturing value added

• the Nordic manufacturing sectors are dominated by business-to-business (B2B) suppliers. Furthermore, traditional sectors as machinery, metal products, food products, as well as computer/electronics are dominant in all or almost all countries

• the last two decades have been characterised by a growing demand for high-skilled labour and a decreasing demand for low-skilled labour.

However, the report also highlights important differences.

When analysed in the terms of clusters or value chains (instead of traditional sector analyses), manufacturing specialisation between the five countries differs significantly. The aluminum cluster has a dominant position in Iceland, while oil technology (including suppliers in the machinery and metal sector) is the single most important cluster in Norway. ICT and electronics have been extremely important for industrial development in Finland, while the same is present for multinational companies within automotives, consumer electronics and steel in Sweden. Denmark has a more diverse manufacturing sector.

These cluster specialisations are also the main explanation for diverse national productivity and employment development patterns.

From an international perspective, Sweden and Finland have faced unusual development with good job performance and extremely high productivity growth rates before the crisis. This was followed by low or even negative growth rates after 2007. The “rise and fall” of Nokia as the world leader on cell phones explain a great part of the development in Finland. Sweden specialises within cyclical sectors, such as electronics and automotives. It is highly dependent on global demand, which partly explains the big differences in the performance of the country before and after the crisis.

The report also concludes that the manufacturing sector in the Nordic countries currently is undergoing some radical changes with regard to business models and composition of production:

• Offshoring of production has been particularly strong when it comes to mass production or production in large batches. Smaller, customized and more knowledge intensive production batches dominate in a number of sectors today.

• “Servitization” represents an important development – not least in the Nordic countries. New product related services represent opportunities to create more value to customers, and to shelter from fierce competition on production costs and product prices. Successful manufacturing companies are often characterised by sophisticated product-service business models.

• Digitalisation and automation is transforming manufacturing in a number of ways:

[image: image] Digital technologies are used to develop intelligent products that communicate with each other (Internet-of-things) and/or report back to producers in order to optimize use, maintenance and energy consumption.

[image: image] Digital technologies link companies closer to suppliers and customers allowing for closer cooperation on innovation, flows of intermediates, inventory control, adjustment to demand patterns, etc.

[image: image] Production becomes more digitalised and automated through the use of robotics and computer aided manufacturing systems that allow for leaps forward in labour productivity performance.

[image: image] Administration tasks are being automated, as well as communication between different functions in the internal value chain.

1.3 Digitalisation and “reindustrialisation”

For Nordic manufacturing, digitalisation and automation might represent a window of opportunities for a much better manufacturing performance than seen during the past two decades. Thus, it can be claimed that the Nordic countries have several preconditions for faster and better implementation of digital technologies than other economies:

• Digital skills and readiness. The Nordic people are world leaders when it comes to use of digital technologies, and they represent high digital competences in a number of areas.

• Research and development. The Nordic countries are among the nations that spend most on research and development (compared to GDP) – an important prerequisite for developing new digital technologies.

• Culture and work place development. Optimal use of digital technologies is closely linked to intra-organisational cooperation and customised production. The informal work place culture and low power distance in the Nordic countries represent an important competitive advantage in this regard.

• Strong ICT-sectors. The ICT sector is an important driver, and the sector’s share of total private employment and value added are high in Nordic countries.

These strongholds and characteristics might also explain why Nordic manufacturing sectors, on average, perform better with regard to digitalisation than the rest of EU. See figure 1.2.


Figure 1.2: Level of digitalisation and automation in manufacturing companies in the Nordic countries, Germany, UK and EU

[image: image]

Source: Eurostat. Note: Survey data are due to the use of samples and modest reply rates connected with some uncertainties, and the results should therefore be interpreted with some caution.



The figure shows that the fraction of manufacturing companies at a low level of digitalisation is much higher in the rest of EU compared in the Nordic countries. There are, however, also differences among Nordic countries. In the Nordic region, the diffusion of digital technologies seems to be fastest in Denmark and Iceland, and slowest in Norway.

Less difference exists between the countries when it comes to the share of companies at an advanced level. In this regard, it is again important to note that the biggest multinational companies represent a large share of employment and value added in especially Sweden and Finland. These companies are also digitally very advanced. The multinational companies in Finland and Sweden might actually more than offset the slower diffusion of digital technologies in these countries, if one wishes to compare the overall digital competitiveness of each country.

This is reflected in the fact that 1) Sweden is the Nordic country with most industrial robots per employee, 2) Finland takes a lead position when it comes to use of sensors in production and products.

1.4 Barriers to further digitalisation and automation

There is a huge potential for further digitalisation and automation in Nordic manufacturing, hence transforming increased digitalisation into higher productivity and better competitiveness.

A recent study concludes that productivity of the manufacturing sectors in Denmark, Finland and Sweden can be increased by approximately 15 percent, if the degree of automation in each branch is increased to the level of most automated countries.

Moreover, increased digitalisation is important to stay competitive within new business models (servitization, data driven business models, etc.) and new types of products and production models (Internet-of-things, 3D-printing, etc.). Thus, effective diffusion of new digital technologies will also pave the way for more effective ways to meet customer demands.

It is therefore important to identify and address barriers to further digitalisation and automation.

The report concludes that several barriers to digitalisation and automation in the manufacturing industry exist, and that these barriers are common to all Nordic countries.

However, the different barriers are not common to all types of firms. When it comes to digitalisation and automation, companies can be divided into three different groups:

• Innovators – a small group of advanced companies involved in developing the digital technologies of tomorrow.

• Early adopters – companies that are among the first to apply new digital technologies and who are first movers in developing new, digital business models.

• Followers – companies investing in and applying digital technology when the technologies become more mature.

All three groups of companies are important for the speed of digitalisation and automation. Innovators have a decisive role in developing digital technologies to be used in key sectors in each country (together with universities and other knowledge institutions). Early adopters start the diffusion process and deliver the business cases that give inspiration to other companies. Followers are crucial for the big uptake of technologies and for the overall digitalisation and automation level of each sector and country.

The most important barriers for further digitalisation and automation in each of the three groups are briefly summarised in the table below.


Table 1.1: Selected barriers to further digitalisation and automation in the manufacturing sector




	Innovators

	Early adopters

	Followers






	Diverse standards hinder communication between different technologies and products (Internet-of-things).

Shortage of ICT-specialists.

Matchmaking and design of joint research and development projects.

Access to funding of applied research (in some countries).

	Access to inspiration and expertise in design, which create convincing business cases that attract investments in digital technologies.

Access to test and demonstration facilities (test of new production techniques, prototyping, etc.)

Access to (external) data and data security.

Access to risk capital.

	Shortage of ICT-skills (in general).

Limited management resources for developing new business models and reorganisation of production.

Difficulties in identifying the right customised solution.

Lack of risk capital.








1.5 Current Policy initiatives in the Nordic countries

The report maps national policies and initiatives furthering digitalisation and automation in manufacturing in the Nordic countries and in two benchmark countries – Germany and UK.

As indicated in the figure below, there are significant differences in both magnitude and focus among the countries.


Figure 1.3: Digitalisation and automation in manufacturing – current policy focus

[image: image]

Source: IRIS Group.



In the left part of the figure, we have evaluated the general commitment to automation and digitalisation in the seven countries. The main parameters are here the magnitude of investments (size of schemes, etc.) as well as focus on the issue in national business policy strategies.

As shown, Finland, Germany and UK have the strongest commitment, while Norway and Iceland are the countries least committed to the agenda of fostering automation and digitalisation in manufacturing.

Finland invests by far the most means in programmes and initiatives stimulating automation and digitalisation (compared to the size of the economies). The three most important initiatives in Finland (“DIGILE”, “Industrial Internet” and “5th Gear”) receive approx. EUR 200 mill. from the government. To compare, the three key initiatives in Denmark receive EUR 15 mill. in public support.

In the right part of the figure, we have highlighted how national efforts are composed in relation to the three types of companies.

All countries invest a high proportion of their means in activities that are relevant for early adopters. Thus, access to test and demonstration facilities, as well as funds for projects focusing on bringing new technologies to market, are a common feature in all countries.

Denmark and UK are the only countries that supply programmes that target digital followers (through diagnostic tools, advisory services and courses) specifically. Conversely, Finland and Germany concentrate a lot of public funding on applied research within digitalisation and automation that mainly have innovators as participants.

1.6 Future perspectives

The report indicates that considerable room to both strengthen the national efforts and for increased cooperation between the Nordic countries exist.

1.6.1 Promoting technology diffusion among followers

According to newer analyses, there is a great potential for increasing productivity and competitiveness among manufacturing SMEs through a more widespread exploitation of existing digital technologies.

Among the countries in focus, only Denmark and UK have dedicated programmes in this area.

There seems to be a need for more programmes that combine neutral advisory services, use of diagnostic tools and support for implementation of digital technologies in manufacturing SMEs.

Furthermore, the combination of significant economic potentials in all countries and few experiences with stimulating uptake of digital technologies calls for cooperation and exchange of experiences.

Enhanced collaboration among the Nordic countries could include:

• A design of policy initiatives that motivate more young people to enrol at technical educations and enhances interaction with regional industries. This in order to meet the skills needed by manufacturing companies.

• Exchange of practices in approaching manufacturing SMEs regarding implementation of digital technologies in production (use of diagnostic tools, design of services, competencies needed, etc.)

• Development of common evaluation practices and tools to measure outcome and effects of programmes.

• Workshop and seminars for practitioners in organisations supplying services to SMEs.

1.6.2 Test and demonstration for early adopters

A critical mass of early adopters is very important for the ambitions of maintaining a strong position regarding digitalisation and automation in Nordic manufacturing. Thus, a key challenge is to develop optimal frameworks for developing, testing and applying new digital technologies.

All Nordic countries have developed ambitious programmes and schemes targeting early adopters. These initiatives include access to test facilities and funding of development projects where researches and companies cooperate on bringing new technologies to the market.

Most of the initiatives are new, and there is in general little evidence of how to organise effective ecosystems in this area. The review of policies also reveals quite different approaches in the policy design. Some countries focus on physical facilities (test beds, pilot factories, etc.), while other concentrate on funding cooperative projects. Moreover, countries like Norway, Sweden and Germany are, in this area, channelling most public funding to companies via regional anchored cluster organisations.

In other words, there seems, also in this area, to be a need for exchange of practices and experiences. Nordic cooperation could cover:

• Exchange of practices on how to design efficient ecosystems for early adopters. Joint Nordic initiatives may focus on how national and regional initiatives can support facilities for test and design in convincing business cases efficiently. Furthermore, these initiatives can engage local investors and business angels, secure ICT-expertise, prototyping facilities, etc. – both in the densely populated areas and in the rural areas.

• Analyses and exchange of results and experiences regarding organisation of schemes, funding principles, organising of test facilities, recruitment practices, development of services to companies – that include both regional and national approaches.

• Development of common evaluation designs.

• A Nordic strategy for development and access to test and demonstration facilities.

1.6.3 Applied research and development targeted innovators

Significant investments in applied research and development are key to preserve and develop future manufacturing strongholds in the Nordic countries.

Leading industrial nations, like UK and Germany, spend large amounts on applied research and development in order to develop the digital technologies of tomorrow. In most Nordic countries, research in advanced digitalisation and automation technologies is at a relatively modest level – except for Finland. The Nordic countries share a common challenge in defining the niches where they have a potential to become world leaders.

Enhanced collaborative efforts among the Nordic countries could evolve around issues like:

• Enhanced collaborative effort among Nordic manufacturers, researchers etc. in order to attract research and development funding under EUs Horizon 2020 programme.

• Joint Nordic collaboration with international “technology-hotspots” related to Industry 4.0. Focus could be on establishing Nordic partnerships with organisations like the “Catapult Centres” in UK and “Pilot Factories” in Germany.

2. Background – Manufacturing and digitalisation at a glance
2.1 Introduction
This chapter gives an overview of the two central trends and forces behind this report – manufacturing and digitalisation.
First, section 2.2 presents key data on Nordic manufacturing. The section shows that the last two decades have been characterized by so-called “deindustrialisation”, measured in terms of development in employment. On the other hand, the section also argues that manufacturing continues to be a very important sector, and that it plays a vital role in terms of productivity growth, wealth creation and exports.
Section 2.3 discusses digitalisation and automation and how it is expected to reshape the manufacturing sector – also referred to as “Industry 4.0”.
Finally, section 2.4 shortly discusses Nordic preconditions for competing in a new era where digital technologies will transform manufacturing practices and business models. It is argued that Industry 4.0 might lead to a sort of “reindustrialisation” in the years to come.
2.2 Deindustrialisation and why manufacturing matters
2.2.1 The tendency towards deindustrialisation
Figure 2.1 shows the development in manufacturing employment in all Nordic countries since 1991.

Figure 2.1: Employment in manufacturing as a share of total employment In the Nordic countries, 1991–2013

[image: image]

Note: There is a breach in the data between 2008–2009 and therefore two sources are used.

Source: OECD.STAT & www.dst.dk/nordicstatistics (LABO01) (The national bureaus of statistics).


The figure shows a significant drop in manufacturing’s share of employment in all countries. On average, the share has dropped by approximately 6 percentage points over two decades. The largest drop has taken place in Sweden, where manufacturing’s share of total employment fell from almost 20 percent in 1991 to 11 percent in 2013. In no countries has the fall been below five percent.
In absolute numbers, employment in the Nordic manufacturing industries has dropped from 1,9 mill. employed in 1991 to 1,4 mill. employed in 2013.
Figure 2.1. illustrates how the shape of the five curves differ from each other. In Finland and Sweden, the fall in manufacturing employment mostly took place after 2008, while a large part of the jobs in the other three countries were lost in the time period from 1997–2007.
Iceland’s manufacturing sector experienced a significant drop in the time period 2004–2008, but the country has been able to recapture some of the employment loss during and after the crisis.1
The Nordic drop in manufacturing employment is part of a general tendency in the Western part of the world. Most Western countries have faced so-called “deindustrialisation”, and the drop in employment has been even more severe in other economies. Figure 2.2 illustrates the development in manufacturing employment in four different regions, measured in terms of manufacturing employment as a share of total employment. As the figure shows, the decline in manufacturing’s share of total employment has been stronger in US and Japan than in the Nordic countries, while China – as a newly industrialized country – has faced a rise in the relative importance of manufacturing.

Figure 2.2: Development in manufacturing employment, 1991=100

[image: image]

Source: IRIS Group based on: OECD.STAT & M.P. Timmer, G.J. de Vries, and K. de Vries (2014). “Patterns of Structural Change in Developing Countries”.


There is no single explanation behind the distinctive drop in manufacturing employment in the Western world. Usually the following factors are considered to be of most importance:2
• Labour productivity is increasing faster in manufacturing than in other parts of the economy (se next section). Hence, a sharper decrease in the number of workers needed to produce a given number of outputs.
• Generally, the demand for goods grows more slowly compared to the demand for services. This is because we use a higher share of our income on services, when we become wealthier.
• A significant share of production activities has been offshored to countries with lower production and labour costs (China, India, Eastern Europe, etc.).3 Meanwhile, the rise of industrial competiveness in newly industrialised countries has increased the share of total manufacturing output within these nations.
• Manufacturing companies have to an increasing extent outsourced non-core activities to suppliers, including service providers.
Thus, the explanations behind the deindustrialisation process in the Western world are a mix of reasons related to both loss of competitiveness and sound economic development principles!
2.2.2 Why manufacturing matters
In spite of the fact that employment has dropped significantly, it is often argued that manufacturing is still crucial for the economy and the business sector as a whole.
The labour productivity argument presented above is illuminated in the next figure. The figure shows – for four Nordic countries – the annual growth in productivity in manufacturing and the total private sector, respectively, over a 12-years period.

Figure 2.3: Productivity growth 2001–2013, manufacturing and the private sector as a whole

[image: image]

Note: Real value added per hour worked, percentage change at annual rate.

Source: OECD Productivity Database.


4
The figure also reveals the importance of manufacturing for wealth creation, since productivity growth is the most important factor behind long-term economic growth.
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