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The research subject is to give consideration of up-to-date best practices of wood waste 

commercial use, aimed at enhancing forestry competitiveness in the Arctic zone. The re-

search aim is to provide an insight into the potential of wood waste obtained from various 

logging modes on the territory of the Russian European North and possibilities of its use for 

commercially successful production. Results of the analysis of business activities of the 

Russian European North logging enterprises has identified that between 16 and 22 % of 

wood waste of the total harvested volume are left on cutting area. Between 1.6 to 2.2 mln m
3
 

of wood waste and firewood suitable for further use are left annually on cutting areas in Ar-

khangelsk Region only. According to estimations, the potential of wood waste obtained 

from thinning in protected forests in the Arctic zone mainland of the Russian European 

North is about 1 mln m
3
 annually for coniferous species only. The calculation of resources 

based on the total available forest fund, as well as harvesting forest fund was done. One of 

the main reasons of wood waste recycling inhibition on the Arctic territory is insufficient 

and unevenly developed transport network. Floating factories at the estuaries of the Arctic 

rivers could possibly mitigate this disadvantage. Tschudi Shipping Company from Norway 

has made a conceptual design of a forest FPSO (Floating Production Storage and Offload-

ing) that can process waste wood into high value sugar (wood molasses) and high-energy 

wood pellets. Estimation of commercial appeal of wood waste recycling has been analyzed 

through the example of the Arkhangelsk Region. The benchmarking study of competitive 

advantages of up-to-date Norwegian and Russian experiences of wood waste exploitation 

has been conducted. The Norwegian Research Council has funded the project through their 

NORRUS program. 
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Introduction  

 

The issues of waste management are solved in view of the global problems of 

sustainment natural resource management and competitiveness improvement [1, 4, 

9, 12, 19]. The best Russian and foreign practices reveal possibilities of organiza-

tion of effective activities to involve waste into production (waste to value) in terms 

of commercial appeal [6, 7]. Rising amount of private companies regard it accepta-

ble to deal with waste exploitation providing high-demand products and increase of 

marketability of their business. In our country, one of the issues in view of forest 

complex and forestry is one of wood waste utilization. Requirements to the issue 

resolving have been established by the strategy aim of increase of forestry marketa-

bility on the federal level [17]. 

In the connection with acceptance of documents on the Russian Arctic zone 

development, the wood waste recycling becomes challenging as a part of social-

economic development of the territory, ecological safety maintaining and competi-

tive ability of the region and forestry [18]. The specified mainland territories of 

Russian Arctic zone are marked by a considerable number of protected forests. 

Commercial exploitation of these forest resources is prohibited and timber harvest-

ing is conducted in terms of forest culture care, on the one hand. On the other hand, 

a considerable economic base of traditional forest exploitation, processing and for-

est products export are centered on the territory. The aim of the research is to pre-

sent the potential of wood waste from different cutting types in the Arctic zone 

mainland on the European Russian North and the possibilities of its use in marketa-

ble products manufacturing.  

  

Research objects and methods 

 

The research objects are forest resources of the European North specified by 

the Edict of the President of Russian Federation of 2 May 2014 ―On the land of the 

Arctic zone of Russian Federation‖ [2]. These are Murmansk Region, the territories 

of Mezen`skoe, Onezhskoye, Primorskoye municipal rayons in Arkhangelsk Re-

gion, Belomorskoye, Kemskoye, Lokhskoye municipal rayons in the Republic of 

Karelia, and Nenets Autonomous Okrug. Eighteen forest districts have been estab-

lished on these territories. 

The estimation of coniferous wood waste potential (pine, spruce) has been 

conducted in the Arctic zone mainland in the European Russian North, the road suf-

ficiency in the forest districts and subjects of the Russian Federation has been ana-

lyzed, and possibilities of effective logistics development for wood waste delivery 

to consumers has been estimated.  

Wood waste are regarded as resources for further use and forming competi-

tive advantages.  The Russian and Norwegian experience of wood waste recycling 

in different spheres has been studied [3]. The wood waste in the present study is 

considered as remains of raw materials, materials and semi-products which are ob-

tained in the process of logging and cannot be used for production of the main 

products in the same workflow (brunch wood, wood remains from bucking and 

crosscutting). Wood waste is used in pulp and paper production, production of 
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wood-based panels, production of composts in forestry and agriculture, and in fuel 

and power purposes [5–8].    

When calculating the volumes of wood waste, waste generation norms of 

0.12 for pine and 0.16 for spruce have been used [5, 8]. The coefficients have been 

applied to the cutting forest area in middle age, ripening, mature and over mature 

forests. The proportion of pine and spruce has been counted in terms of mature and 

over mature species stock in view of forest districts. Also, the estimation of wood 

waste generation has been conducted in terms of data on revealed forest area that 

allows forecasting potential reserve of wood waste in case of development and in-

crease of wood harvesting. The cutting area has been estimated in terms of liquid 

forest resources with all cutting types for coniferous species (pine, spruce) on Arctic 

territories. The information base has been formed in terms of regulations of forest 

districts and territory forest plans [11, 13, 15, 16]. 

The cartographic approach has been used for estimation of the logistic 

schemes; presence of railroads, ways to marine terminals, haul roads sufficiency 

(of all-year and seasonal access) of the forest districts have been analyzed.  

 

Results and discussion 

 

Lands covered with forests occupy 69.2 % of the Murmansk Region. The to-

tal square of forest resources of the Murmansk Region is 9.5 million ha including 

forest covered area of 5.1 million ha. The total standing timber volume is  

226. mln m
3
. The total mean timber increment in the forest lands is 2.45 mln m

3
. 

Murmansk Region is characterized by low exploitation stock of timber in mature 

forests. Estimated annual cutting area is used not more than in 24 %. Lack of 

transport availability for small consumers and high prime cost of forest production 

appear to be the main reason of its lack of competitiveness. Extensive reclaiming of 

Murmansk Region territories in recent past has affected normal life of the ecosys-

tems. The most of the Murmansk Region forest area belongs to the category of pro-

tecting forests (64.8 %) where business activities are prohibited. 

The total area of the Republic of Karelia is 4.2 mln ha, forest lands occupy 

2.2 mln ha, protecting forests are located on the territory of 1.4 mln ha (64.7 %) [1]. 

Major tenants of forest parcels for timber harvesting are OJSC ―Segezha Pulp and 

Paper Mill‖, LLC ―TPK Yurma‖, LLC ―Vega‖, LLC ―Pitkyaranta-les‖. Parcels of 

forest land are also leased for construction, reconstruction and exploitation of infra-

structural facilities, development of mineral deposits, recreational activities and 

other types of forest exploitation authorized by forest legislation.  

The Arctic zone forest territories of the Arkhangelsk Region are involved 

 in dynamic business activities; timber harvesting and processing are implemented 

by the Titan Group and JSC ―Arkhangelsk pulp and paper mill‖. At that,  

major part of the territory belongs to protected forest areas. Forest area of the re-

garded territory is 7.4 mln ha only, protecting forests occupy 4.7 mln ha  

or 63.4 % [15]. 

The total forest area in the Nenets Autonomous Okrug is 3.2 million ha, on-

ly 0.2 million ha belongs to the Nenets forest district. There are no commercial 

forests in the district. The main part of the Okrug forests (3.0 mln ha) are located 

on agricultural lands used as deer pasture and assigned to deer farms. The territory 

of the Okrug is located in the zones of tundra (77 %), forest-tundra (15 %), and 

the sub-zone of pre-tundra taiga on the South-West (8 %). Forest cover of the 
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Okrug is estimated as 18 % but is highly varied through the territory. Forest cover 

on the South-West, where the Nenets forest district is located, comes up to 40 % 

but goes down to 1-2 % on the Barents Sea shores, on the Kanin Peninsula and in 

the Bolshezemelskaya tundra. The northern forest border to the East of the Pecho-

ra river spreads almost along the boundaries of the Nenets Autonomous Okrug. 

The interests of geological prospecting and oil and gas organizations are focused 

in the zone where broken forest tape spreads. The forest plan of the Nenets Au-

tonomous Okrug considers the requirements of conservation of pre-tundra forest 

ecosystems, conditions of native traditional management of natural resources, for-

est law extension on the forests of the Okrug used for northern deer farming, de-

velopment of mineral deposits, mineral geological research and other types of for-

est exploitation [11]. 

Estimated cutting area and wood waste potential of coniferous species within 

the identified and cutting fund in the Arkhangelsk region in view of forest districts 

are presented in the Table 1.  

 
Table 1 

Estimated cutting area (annual allowable volume of timber removal)  

of coniferous species (pine, spruce) in middle-age, ripening, mature,  

over-mature forests while thinning in the Arkhangelsk region 

Forest district Cutting area, th m3 Wood waste*, th m3 

Arkhangelskoye 

  identified fund 

  cutting fund 

 

621,6 

145,2 

 

97,5 

22,8 

Onezhskoye 

  identified fund 

  cutting fund 

 

3996,0 

1229,1 

 

585,0 

179,9 

Severodvinskoye 

  identified fund 

  cutting fund 

 

821,6 

233,7 

 

98,6 

28,0 

Mezenskoye 

  identified fund 

  cutting fund 

 

237,5 

2,3 

 

31,1 

0,3 

Total 

  identified fund 

  cutting fund 

 

5676,7 

1610,3 

 

812,2 

231,0 

*the calculation was made according to the standards of waste generation for pine – 0.12 

and for spruce – 0.16. 

 

 

Total volume of coniferous species in the Murmansk region is estimated as 

191.63 mln m
3
 (pine – 108.59 mln m

3
, spruce – 83.04 mln m

3
). Using the same 

methodological approach, the potential volume of wood waste can be estimated as 

36.3 mln m
3
.  

Wood waste volume in terms of the cutting area of liquid forest fund with all 

cutting types in forest districts of the Arkhangelsk Region and the Republic of Ka-

relia are presented in Table 2.  
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Table 2  

Calculation of wood waste of coniferous species (pine, spruce) in terms of the cutting 

area of liquid forest fund with all cutting types in forest districts of the Arkhangelsk 

region and the Republic of Karelia 

Forest district Cutting area, th m3 Wood waste, th m3 

Arkhangelskoye 160,2 24,6 

Onezhskoye 849,0 124,2 

Severodvinskoye 390,3 46,8 

Mezenskoye 107,2 14,0 

Belomorskoye 358,1 47,5 

Kemskoye 180,8 24,4 

Loukhskoye 704,9 98,1 

Total 2750,5 379,6 

 

Generally, the volume of wood waste calculated on cutting forest fund in 

terms of the concerned territory is presented in the Table 3.  

 
Table 3 

Calculation of potential coniferous species (pine, spruce) wood waste  

on the Arctic zone mainland of the European Russian North 

Territory Cutting fund, th m3 Volume of wood waste, 

th m3 

Murmansk Region  935,8 120,6 

Republic of Karelia — Belomorskiy, 

Loukhskiy, Kemskiy municipal rayons 
154,6 20,8 

Arkhangelsk Region – Mezenskiy, Pri-

morskiy, Onezhskiy municipal rayons 
1610,3 231,0 

Nenets Autonomous Okrug*  – – 

Total  2700,7 372,4 

*doesn't participate due to lack of commercial forests and badly developed road infrastruc-

ture.  

 

The presentation of data on the potential wood waste calculated in terms of 

the revealed and cutting forest fund while thinning the forests refers the potential 

user to the organizations responsible for the forest management activities – forest 

districts. Calculation of the rate in terms of cutting liquid fund can be considered as 

forest management activities within long-term lease of forest plots and integration 

of wood waste recycling business.  

The possibilities of wood waste use are regulated by territory features of for-

est designation as protecting and commercial, geographical zone features and possi-

bility of accessibility by transport. An effective share of logistics in wood waste 

delivery to consumers is considered determinant in the concerned example [20]. 

Road density rates in municipalities are described by different degree of attractive-

ness for special business development. Hard-surface roads length varies from 53 km 

in the Terskoye forest district to 457 km in the Kandalakshskoye forest district.  

All-season roads are evaluated from 87 km in the Murmansk forest district to  

2250 km in the Kandalakshskoye forest district. The most length of winter roads is 

in the Pechengskoye forest district – 1243 km. Road density is low and amounts to 

0.33 km in the Terskoye forest district, 0.42 km in the Lovozerskoye forest district, 
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0.75 km – Murmanskoye, 0.78 km – Kolskoye. Road density over 3 km per thou-

sand ha is observed only in the Zasheykovskoye (3.26 km) and Kandalakshskoye 

(3.03) forest districts [16]. The territory of the Nenets Autonomous Okrug cannot 

be regarded attractive due to lack of commercial forests and badly developed road 

infrastructure. The territories of the Arkhangelsk Region and the Republic of Kare-

lia are attractive for wood waste use development due to presence of roads, rail-

roads and ways to seashores.  

The transport infrastructure data are presented in the Table 4. It should be 

mentioned that all the territories have ways to seashores with harbors and port sta-

tions.  
Table 4 

Forest area and transport availability 

Territory 

Forest area, th ha 
Road density, km/1 th ha 

of total area 

Railroad 

length, 

km 
Total 

Coniferous  

species 

Murmansk Region  

(10 forest districts)  

 

9455,4 

 

3732,0 

From 0.33 to 3.26 

through forest districts 
350 

Arkhangelsk Region forest 

districts  

  Arkhangelskoye 

  Onezhskoye 

  Severodvinskoye 

  Mezenskoye 

 

 

768,8  

1288,8  

454,4  

1574,6  

 

 

230,3 

802,3 

257,1 

no data 

available 

 

 

0,7 

1,66 

0,81 

0,3 

 

 

116 

450 

150,2 

0 

Karelia forest districts  

  Belomorskoye 

  Kemskiy municipal rayons  

  Loukhskoye 

 

653,8  

326,6  

1176,3  

 

432,0 

162,5 

724,3 

 

2,4 

1,0 

2,6 

 

106 

117 

110 

Nenets Autonomous Okrug 3200 
no data 

available 
0 0 

 

First of all, the lack of truck haul roads for wood waste procurement on wood 

lots directly is a deterrent for the development of widespread use of wood waste. 

Such conditions require combining wood waste procurement with other forest ex-

ploitation activities, timber harvesting mainly, and with environmental services de-

livery [10]. An application of new technologies in timber harvesting and up-to-date 

waste recycling equipment should be also considered [7, 14].  

In Norway the wood waste management is supplied by the government. For 

example, the Tschudi Shipping Company AS has received government grant to es-

tablish wood waste processing on mobile facilities (sea vessels).  The available ex-

perience of the Tschudi Shipping Company AS encourages considering the possi-

bilities of wood waste recycling development on floating mobile units like barges 

for the rivers and seagoing vessels for the ocean. Initial findings in the NORUSS 

project indicate that the optimal barge size is a factory that can handle 50 000 dry 

tons while the optimal vessel size should be able to handle 100 000 dry tons. The 

study indicates that available wood waste resources is sufficient to support con-

struction of such a floating unit. 

The Norwegian Tschudi Shipping Company AS intend to become a world 

leader in manufacturing of chemical wood processing products (wood pellets, mo-

lasses, wood compost) on ship mobile units [3]. The company studies the possibili-



286                       ISSN 0536 – 1036. ИВУЗ. «Лесной журнал». 2019. № 6 

ties of timber and wood waste use in various fields from biofuel to compost fillers. 

The offshore vessels can contain units for production of sugar and pellets, pellets 

only or substrat and sugar. The motivation behind introducing technology for ex-

tracting sugars before making pellets of the remaining wood pulp is that the extract-

ed sugars will be sold at a considerably higher price than their value as part of pel-

lets, thereby making the project economics more robust. Most of the ash will be 

extracted with the sugars. Ash content below 0.1 % is possible. The energy content 

of pellets also increases when sugars are extracted. Sugar extraction strengthens the 

project economics, as well as securing a better pellets product. The pellets plant is a 

non-conventional black pellets plant, consisting of bark furnace and hot water boiler 

for energy to the dryer, delivered by Opcon, Sweden, belt dryer, delivered by 

Laxhuber Stela, Germany, pellets unit, with hammer mills, pellets mills and coolers, 

delivered by CPM Europe, Netherlands. The pellets plant can make black pellets 

from wood pulp after sugar extraction, and can produce white pellets even  

if the Pulp & Sugar Plant is not in operation. The processing line for the extraction 

of sugars is designed according to a method developed by Glommen Skog (patent 

approved in Russia and USA and pending in EU), and based on research in  

Norway. The ―extra‖ investment costs for the first Pulp & Sugar Plant is practically 

covered by a Norwegian state grant, thereby mitigating any investor risk  

related to it.  

Consequently, the Norwegian company has received a competitive advantage 

which main distinct feature is an effective sea logistics. Application of such floating 

factories considerably extends the boundaries of economically available wood re-

sources. This is especially relevant in the area of the Arctic zone inland forests 

which possess significant wood resources and poorly developed road net.  

The Norwegian company uses timber hydrolysis technologies which have 

been lost in Russian economy over the years of reforms. A competitive advantage 

of the technologies is the variety of products and possibilities of production man-

agement according to market conditions. The present-day Russian practice on the 

researching territories reflects the focus of wood waste processers on the markets of 

the European Union countries to supply with wood pellets and to provide municipal 

boiler-houses with wood.  

The study of competitive advantages of Russian and Norwegian practices is 

presented in the Table 5.  

Table 5 

Competitive advantages of wood waste commercial use 

Experience  Competitive advantage 

Norwegian 

1. Mobility of offshore vessels with wood waste processing, 

        independence from land road infrastructure  

2. Leading position in production of floating factories for wood 

       waste processing 

3. Extended range of value-added production 

4. State support of innovation commercial projects 

Russian 

1. Presence of significant amount of wood resources 

2. Dynamic increase of wood fuel supplies to the European Union 

       countries 

3. State support in grants to cover export transport costs 

4. Wood fuel distribution guarantees for municipal use  
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Conclusions 

  

The obtained research results allow considering the potential of coniferous 

wood waste on the analyzed territories in terms of: cutting forest fund in middle-

age, ripening, mature, over-mature forests while thinning the forests; the cutting 

area of liquid forest fund with all cutting types. A business strategy of wood 

resources mastering should be chosen according to commercial interest.  

The estimation of existing forest resources of the Arctic zone mainland of the 

European Russian North suggests an attractive potential of wood waste regardless 

of uneven development of road infrastructure, especially of haul roads. 

Concurrently the existing transport landscape (sufficient roads, railways and way to 

the seashore) is rather attractive with the possibilities of building for large-scale 

mastering of the resources (either as a result of commercial exploitation or in terms 

of thinning the forests). 

The experience of foreign companies and state support are attractive for 

development of wood waste recycling in case of knowledge and business 

integration in terms of the territory development, providing forest exploitation 

efficiency and increase of forestry competitiveness. Floating factories could be a 

realistic alternative for forest resources use. 
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Предметом исследования является рассмотрение современного передового опыта 

коммерческого использования древесных отходов в Арктической зоне для повышения 

конкурентоспособности лесного хозяйства. Цель исследования – уточнение потенци-

ала древесных отходов от различных видов рубок на территории Европейского Севе-

ра России и возможности использования его для производства востребованных на 

рынке продуктов. В результате проведенного анализа хозяйственной деятельности 

лесозаготовительных предприятий на этой территории выявлено, что при заготовке 

древесины на лесосеке практически не использованными остаются 16…22 % древес-

ных отходов от общего объема заготовленной и вывезенной для реализации древесины. 

Только в Архангельской области ежегодно на лесосеке остаются от 1,6 до 2,2 млн м
3
 

лесосечных отходов и дров, пригодных для дальнейшей переработки. По расчетам 

потенциал древесных отходов от рубок ухода в защитных лесах материковой части 

Арктической зоны Европейского Севера России только по хвойным породам состав-

ляет около 1 млн м
3
 ежегодно. Расчет ресурсов проведен на основе данных о имею-

щемся лесном фонде; вырубаемом фонде в средневозрастных, приспевающих, спелых 

и перестойных лесных насаждениях при уходе за лесами; расчетной лесосеке по лик-

видному лесному фонду при всех видах рубок. Дифференциация расчетов позволяет 

заинтересовать потенциального лесопользователя в сотрудничестве с лесничествами, 

ответственными за выполнение лесохозяйственных работ. Полученные данные дают 

возможность планировать перспективную деятельность по лесопользованию в рамках 

долгосрочной аренды лесных участков и интеграции с бизнесом по утилизации обра-

зующихся древесных отходов. Одной из значимых причин, сдерживающих утилиза-

цию отходов на изученной территории, является недостаточная и неравномерно раз-

витая транспортная сеть. Однако возможности выхода к морскому побережью в реги-

оне делают актуальным применение технологий химической переработки отходов на 

морских транспортных средствах. Такой опыт рассмотрен на примере норвежской 

компании «Tschudi Shipping Company AS», внедряющей инновационные технологии 

переработки древесных отходов для производства продукции и получения прибыли. 

Расчеты коммерческой привлекательности этой технологии переработки древесных 

отходов проанализированы на примере Архангельской области. Приведен сравни-

тельный анализ конкурентных преимуществ современного норвежского и российско-

го опыта обращения с древесными отходами.  
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