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1. Introduction
Environmental impacts linked to the production, distribution and consumption of energy are definitely significant. In particular, the consumption of non renewable fossil fuels is responsible of both resource depletion, emissions and global warming. The concern for the sustainability of human activity has driven the research to the revaluation of renewable resources and less polluting energy carriers. The use of bio-mass for energy (electricity or heat) has been considered as a valid alternative to coal or oil, particularly with the new technological development allowing a significant reduction of emissions and a raise in efficiency of energy conversion.

Biomass energy comprises many different possible fuels derived from plant matter. Solid biomass can be burnt directly to produce electricity or heat, or it can be converted into solid, liquid or gaseous fuels using conversion technologies such as partial combustion to produce charcoal, fermentation to produce alcohol, bacterial digestion to produce biogas, and gasification to produce a natural gas substitute. Wastes from industry, agriculture and forest can be used as a source for biomass energy, or crops such as trees and sugarcane can be grown specifically for biomass energy purposes. At present the majority of biomass energy use is in the form of the direct use of solid biomass (e.g. wood and charcoal, for heat) but a greater proportion of biomass energy use is being directed towards larger-scale industries, such as pulp and paper and the sugar and food industries, as well as in other "modern" biomass uses such as electricity generation and the production of biofuels for transport. 

Biomass accounts for about 60 per cent of the total renewable energy contribution and about 3 per cent of the overall energy consumption in the EU. In Italy, while the installed capacity hardly reached 20-30 MWe, in 1997, some forecasts estimate that a 2400 MWe capacity for power generation is economically viable according to the current technologies and to the availability of  bio-mass (
).  The potential for heat generation and “remote district-heating” is even higher.

The resources of bio-mass are variable in nature and localisation. On the one hand, a relevant source of bio-mass is represented by wastes and by-products of the wood and the food processing sectors. On the other hand, vegetal bio-mass can be produced expressly for energy purposes. In both cases the indirect employment impact of the installation and the operation of a bio-mass fired energy generation plant can is higher than the direct one (
).

The purpose of the study is to test and assess a methodology for the evaluation of the impact on employment (on both the number and skill aspects) of the implementation of a bio-mass based energy plant. Through direct data collection, information will be gathered and analysed on the employment impact along the whole energy value chain.

In particular, the production, collection, transport and processing phases will be checked as their impact on employment may be 3 to 4 times higher than the one generated by the operations in the generation plant.

1.1. The bio-mass Value Chain

The production of energy based on biomass can be summarised by a rather linear value-chain (fig.1).

The main steps to be considered are the same that are usually analysed in the environmental impact evaluation of this technology: the production of the biomass (whether crops or residues), its collection, transport, treatment and storage, the energy conversion (combustion) and distribution.

2. European and National perspectives for biomass. Policies and development

Renewable energy are a field of great interest for the UN, EU and Italian government perspectives and policies. During the Kyoto Conference on climate Change, the EU has committed to a reduction of 8% of Greenhouse Gas with reference to the 1990 baseline during the period 2008-2012. Therefore policies shall be developed in order to reduce the use of both energy and fossil fuels. According to the European Commission the promotion of renewable energy sources for the production of heat and electricity represents a great field of action in order to fulfil its commitment.

The European Commission’s policy on renewable energy is presented in the White Book “An Energy Policy for the European Union” where it is considered as an effective instrument to achieve the three main objectives: competitiveness, security of supply and environmental protection. This strategy aims at doubling the share of renewable energy 

Among the different renewable energy sources biomass can play a role within the EU and Italian action plans.

Actually a study performed by ADEME, the French energy agency, for the IPTS indicates that biomass represents about 3.5% of the total EU-15 energy consumption (about 50Mtep), 90% of which coming from forestry, thus representing a reduced contribution to total primary energy demand of the EU at the beginning of the new century. Nevertheless, the study suggests that the penetration of this energy source in the market could be higher in the future if social, economical and political initiatives were jointly undertaken for its promotion. In particular, links should be clearly drawn between the Common Agriculture Policy, energy strategy, environmental policy and employment and development policies.

The promotion of renewable energy in Italy has been developed since 1992 with the publication of the CIP 6/92, a decree providing premium prices for the electricity produced from solar, wind, biomass, or other renewable resources (Class A), from environmental assimilated energy sources as by-products and wastes (Class B), or the electricity produced in co-generation (Class C). Despite those incentives the biomass based energy production, and particularly electricity production had a reduced development in the last years. Actually, a certain number of plants were planned but their construction have been postponed for various reasons.

The Italian Ministry for Agriculture is performing a study that is indicating that about 250.000 hectares could be devoted to the production of biomass for energy that could represent 8Mtep/year, directly bringing 12.500 new jobs.

It is undeniable that premium prices for renewable energy could distort the market, nevertheless, once the externalities of energy production from fossil fuels have been fully internalised, the need for those incentives will be reduced.

3. The municipal heat generating plant of Dobbiaco.

Dobbiaco is known as one of the coldest part of the SudTirol. The consumption of fuel oil for heating purposes posed different problems due to the high levels of pollution it induced. This was particularly due to the low efficiency of individual heating devices using diesel oil. As forestry and wood industry are well developed in the region, the municipality of Dobbiaco decided to evaluate the opportunity of implementing a heat generating plant using sawmill residues as fuel. 

In 1994, Tauernplan Consulting has conducted a study for a “remote district heating system” based on a biomass fired, heat generating plant. On the basis of the result of the study, the “Centrale Termica di Dobbiaco sc. coop. a r.l.” has been founded. At this stage 220 pre-contracts were subscribed by the potential customers/associate. The company has been structured as a co-operative were the customers are partners and own a participation in the plant. The energy is sold for 145 Lit/kWh (0.075 Euros), a price based on production costs as there are no incentives.

The construction of the heat generating plant of Dobbiaco, directed by Technische Buro Jud, started in May 1995. The total costs for the operation have amounted at 15,5 MEuro, 30% of investment costs have been covered by the Provincial Authority. The plant was operational in late November 1995.

The plant has been equipped with two 4MW units using biomass fuel and one 8 MW fuel oil unit for peak demand. The technology that has been implemented in the plant is among the most advanced. The nature and quality of the biomass are continuously monitored and the combustion is automatically optimised in real time. A system of integrated filters and heat exchangers allows the achievement of thermal and environmental efficiency. All the emission levels are well below the most stringent European levels.

The heat generated is distributed to 458 households in Dobbiaco and additional 150 are now connected to the distribution network in the near village of S. Candido, through a 20 km long pipeline system.

The end users’ part of the system is also technologically advanced and the household has the opportunity to regulate the energy delivered through a remote control device. The system automatically regulates the energy to be produced and delivered according to the requests of the customer, thus limiting overproduction of energy. The heat delivered is directly measured and billed.

Before the construction of the plant, the houses connected to the heat distribution network usually used diesel oil and, to a lesser extent, wood for heating purposes. Fuel is still used by households but relevant economic savings have been achieved (30 to 70%).

In order to deliver an average of 14 GWh per year, the plant uses mainly by-products of the wood industry, and to a lesser extent, bio-mass produced by local agriculture. Actually, even though the prices for the locally produced bio-mass are subsidised (75% higher than the market price), the amount of biomass from agriculture (28 000 m3 per year) that was expected during the planning phase has not been achieved, as only about 1000 m3 have been purchased.

The environmental benefits linked to the adoption of such a centralised heating system have been estimated by comparing the reduction of air pollutant emissions. In particular, particulate, NOx and Carbon emissions have been reduced thanks to the higher thermal efficiency of the centralised heater (scale benefits). Moreover, the consumption of fossil fuel has been significantly reduced and the use of biomass has brought a relevant reduction in the CO2 balance.



3.1. Employment impacts 

According to the LCA approach, the impacts on employment, both numeric and skill effects, are considered along the “value chain”. Once the boundaries have been defined, the “value chain” is divided in elementary and representative steps which are then analysed and characterised. In the present case, different steps are selected along the path going from biomass production to the final user of the heat produced, the household. Moreover, as the construction and dismantling of the plant and distribution network might represent a relevant difference compared to the reference case, those steps are considered in this evaluation. 

The steps in the value chain that have been identified within the selected boundaries are (as summarised in the previous figure):

The reference case

In the environmental life cycle assessment, the environmental impacts are evaluated through the comparison with a reference case. In the same way, employment impacts of an innovation have to be measured in comparison with a benchmark.

As, in this case, the innovation has been the adoption of a central district remote heating plant, the selected reference case will be represented by the situation before the construction of the plant (traditional single fuel heating).

The employment impact has thus been assessed including the construction, maintenance  and dismantling phase of the plant and of the pipeline network. In the same way, when dealing with the employment impact, one shall consider the alternative use of the biomass, both the one produced by agriculture and the one obtained from sawmills. In particular, the sawmill by-products were formerly used by pulp and paper industry and thus the effect in this sector has been addressed.

Moreover, the impact of the reduced fuel consumption (2.5Ml of diesel oil) due to changes in heating devices has to be considered both with regard to the maintenance of those devices and to the production and distribution of diesel oil.

3.1.1. Direct impacts

3.1.1.1. The production of biomass in sawmills

The biomass used in the plant comes mainly from sawmills (in Dobbiaco, S. Candido and in the nearest part of Austria) as wooden residues. The plant only accepts sawdust and small chips. Before the construction of the plant, the wooden residues were sent to pulp and paper factories in Longarone and other locations (>80 km). The price paid by the heating plant is the same that is paid by the pulp and paper industry, but, as it includes transport it brings more benefits to the sawmills as the distance to be covered is significantly shorter (<40 km). 

Numeric impact

No direct employment impact (positive or negative) has been observed or has been considered to be due to the operations of the biomass plant during the interviews. Nevertheless, the implementation of the plant have an economic impact on the sawmills as an increase in income has been observed. In the medium/long term, these economic impacts could bring some income related employment effect which are hard to evaluate at his stage.

Skill impacts
No skill impact has been observed as the biomass sold to the heating plant does not require different treatment or processing than the one that was previously sold to the pulp and paper industry.

3.1.1.2. The production of biomass in agriculture

The Dobbiaco Heating Plant buys agricultural residues (particularly from forestry) at a price which is 75% higher than actual market prices. Despite these premium prices this source of biomass plays a limited role in the supply of the plant. One particular reason is linked to the fact that the biomass must be brought to the plant in small chips or dust, therefore requiring additional processing by the suppliers who usually are not able to perform it, both for cost and skill/equipment reasons.

Numeric impact

As agriculture plays only a limited role in the supply chain of the plant, no significant numeric impact has been observed.

Skill impacts
In the same way, no skill impact have been observed in agriculture.

3.1.1.3. Transportation of biomass

Before the construction of the heating plant in Dobbiaco, the wooden residues were brought by lorry to Longarone or other pulp and paper factories in the region. The average distance covered for this transport was about 80 to 130 km. As already mentioned, the opportunity to sell the by-product in the surroundings allowed a significant reduction in costs for sawmills. On the other hand it has undoubtfully reduced the labour intensity of biomass transportation. In particular the time spent for transportation has been reduced by 3 to 6 times.

Numeric impact

The net effect of the change in final destination of biomass is not precisely quantified. In particular, the majority of suppliers use internal human resources for the transportation of residues to the plant or to paper industry. In terms of job losses, there has been no real impact as no reduction has been observed. Nevertheless, in terms of labour intensity, the reduction of the transport distance has significantly reduced the amount of time spent for biomass transportation to its final destination (reduction by 3 to 6 times).

Skill impacts
As the only changes observed are linked to the final destination of byproducts, no skill effect has been observed.

3.1.1.4. Treatment of biomass

The biomass that is used in the heating plant of Dobbiaco does not require particular processing as it is mainly composed by dry wooden residues and sawdust. Moreover, the plant has been projected in order to be able to immediately burn the residues from sawmills and wood industry in the form they were previously delivered to the paper industry. Thus, the impact on employment of this stage of the “biomass value chain” is not significant.

Numeric impact

No significant employment effects are linked to this stage of the value-chain.

Skill impacts
No significant skill impacts are observed at this stage.

3.1.1.5. Energy production

The plant of Dobbiaco uses advanced technologies and has a high level of automation. Despite the number of customers it supplies and the amount of energy it delivers, it only has 4 full time employees. The operation of the plant and the network, and the its ordinary maintenance are directly performed by those four employees. 

Numeric impact

At the start up of the plant, three persons were appointed. During the first year, a fourth person has been employed as the number of households connected to the network has been raising. The total employment directly generated within the plant reaches 7480 man hours.

Skill impacts

The employees have received training courses, as electronic devices and software are use in the plant.

3.1.1.6. Energy distribution

The distribution of energy is automatically managed by the plant and the remote control by the single households. No additional employment is required for the distribution of the energy.

Numeric impact

The numeric impact of this step of the value-chain is included in the one generated by energy production within the plant.

Skill impacts

As for numeric impact, no skill impact can be observed in this stage.

3.1.1.7. Construction

The construction of the plant started in may 1995. In april, 1996 70% of the plant and network were operational. The company has provided an estimate of the labour required for the construction of the pipeline network and of the plant itself: about 24.000 man hours for the network, and approximately 11.000 for the plant. The labour required for the construction of the equipment has not been accounted as it was considered beyond the boundaries of the analysis.

Numeric impact

The labour required by the construction of the plant and the pipeline network has been estimated to reach 35.000 man hours. This employment has been transitory, nevertheless it can be accounted for when the lifetime of the plant has been evaluated at about 10 or 15 years. Moreover the evaluation of the labour required for the construction is used to have an estimate of the maintenance requirement during the lifetime of the plant.

Skill impacts

No particular skill impact is linked to the construction of the plant.

3.1.1.8. Maintenance

The normal maintenance of the plant and the pipe network is performed by the full time employees of the plant. Nevertheless, during the lifetime of the plant, extraordinary maintenance has been considered. In particular, an estimate has been taken at about 3500/4000 man hours in ten years. This represents only a rough estimate as no particular accident occurred during the first years of operations. More precise data shall be provided by the building company.

Numeric impact

A rough estimate indicates a 3500/4000 man hours in ten years.

Skill impacts
No particular skill impact is attributable to maintenance activities. 

3.1.1.9. Dismantling

The dismantling phase of the plant has not been considered by the management as it is considered that the plant will be kept operational through periodic revamping. The building company shall provide information on the potential labour requirement for a complete dismantling.

Numeric impact

Data will be provided by the building company

Skill impacts

Data will be provided by the building company

3.1.2. Other impacts

In order to have a complete and comprehensive description of employment effects, the impact of the adoption of this new technology in households’ heating must consider the alternative use of biomass now used by the plant, as well as the alternative fuels that were previously used in the region for heating purposes. Before the construction of the plant, by-products of sawmills were used mainly by the pulp and paper industry, therefore a factories have been contacted in order to have an idea of the effect brought by the reduction of the availability of biomass in the region. 

In the same way, the two main diesel oil suppliers of the region have been interviewed in order to estimate the scale of the negative effect linked to the reduction in sales.

3.1.2.1. Indirect effects in the oil and gas value chain

Before the start up of the plant, the inhabitants of Dobbiaco used individual diesel oil fired heaters. The oil consumed for heating purposes has been significantly reduced The implementation of remote heating based on bio-mass has allowed a reduction in diesel oil consumption of about 2.5 millions litres.

In order to evaluate the dimension of this negative effect on the oil distribution sector, the two major suppliers of the region have been contacted. The reduction of diesel oil demand has reduced  their income to a level that is now threatening the employment of drivers. In particular, as the diesel oil was previously sold to single households, the reduction of 2.5 Ml represents, according to the contacted companies from 1500 to 3000 man hours per year. Those evaluations have been calculated by the companies according to the number of trucks that previously were sent to Dobbiaco and to the average time needed for this transport activity.

No job have yet been lost, nevertheless the representative of one of the companies considers that in the near future they could have to reduce the number of drivers they employ.

Numeric effect

A net negative effect has been observed in this sector. The losses have been estimated somewhere in between 1500 to 3000 man hours per year.

Skill effect

No skill effect have been observed.

3.1.2.2. Indirect impacts in the Pulp and paper industry

The pulp and paper industry was the main client for sawmills wooden residues before the implementation of the heating plant of Dobbiaco. The fact that the supply from Dobbiaco has been reduced has not affected the employment or the income of this sector. Actually, in the region there is a relevant availability of biomass thus the paper sector have a significant number of alternative supply channels. Therefore no real impact can be observed in this sector.

Numeric impacts

No significant employment effects have been observed in this sector

Skill impacts

No significant employment effects have been observed in this sector

3.1.2.3. Indirect impact in other sectors

As the use of  single households’ heating devices can be reduced by the development of a centralised remote heating network, a certain effect can appear in their maintenance and replacement. This can drive to a reduction on the employment side in the heating device production, distribution and maintenance industry. While the two first aspects are hard to assess, the reduction of labour requirement for the maintenance of diesel oil fired individual heating devices has been calculate through direct interviews with operators of the sector. The maintenance required for the 600 households has been reduced at least by 30/40%. Considering that, in such a cold region a diesel oil heating device requires from 5 to 10 hours a year for maintenance, the reduction has to be estimated between 900 and 2400 man hours per year.

4. Conclusion

The implementation of the Heat Generating Plant of Dobbiaco has brought to undeniable positive environmental effects, at both the local (improvement of air quality) and global level (enhancement of the CO2 balance). In the same way it has brought a certain level of economical positive effect as it has reduced the dependence on foreign energy supply.

In the same time the plant has brought a set of employment effects, positive and negative. The following table reports the employment effect observed or evaluated for each step of the selected value chain.

Step
Numeric impact
Skill impact

Production of biomass in sawmills
=
=

Production of biomass in agriculture
=
=

Transportation of biomass
=/- (non quantified)
=

Energy production
+ (7480 man hours/year)
+ (IT training courses)

Energy distribution
=
=

Construction
+ (35000 man hours in 10 years. transitory – to be quantified)
=

Maintenance
+ (3500-4000 man hours in 10 years)
=

Dismantling
+ (transitory – to be quantified)
=

Diesel oil distribution sector
- (1500 to 3000 man hours per year)
=

Pulp and paper sector
=
=

Households’ heating device maintenance
- (900-2400 man hours per year)
=

Other sectors
+ (due to income effects – not quantifiable)


= : no relevant impact

- : negative impact

+ : positive impact

Considering that part of the employment effect is limited to the construction or the dismantling phase, a balance could be made in a ten years timeframe – which represents the minimum lifetime of the generating plant. 

The positive effects in ten years, could be (direct employment within the plant [4 full time employees*10 years (. 74.800 man hours])+(labour required in the construction phase [( 35.000 man hours] )+(labour required by the extraordinary maintenance [( 3500 man hours])+(dismantling phase [to be estimated])

The negative effects are (reduced labour requirement for the transport of diesel oil [( 15.000/30.000 man hours])+(reduced labour requirement for the maintenance of heating devices [( 9000 to 24.000 man hours])

The final balance seems to indicate that a net positive effect can be observed in the lifetime of the plant, when construction and dismantling phases are included. When those steps are excluded, the total net effects can nevertheless be considered as positive.

Finally, one must consider the fact that a plant like the one implemented by the municipality of Dobbiaco can bring a positive income effect in the region. In particular, the plant has enhanced the energy autonomy of Dobbiaco bringing a certain level of increase for the local income. Moreover, the lower expenses for energy has enhanced households’ revenues leading to potential increase in the demand of other goods or services.
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