10.Azapos B. U., Kononos I'. H., T'opsiueB H. JI. U3ydyeHne KOMIIOHEHTHOTO COCTaBa MUKOJIOTUYECKHU pa3-
pyuieHHo# apeecunsl / Hayunsie Tpynst MIVIJL. Beim. 358. M., 2012. C. 126-131.

11.Banun C. U. JIpeBecunoBenenue. Jlenunrpan : 'ocnecrexuzgat, 1940. 460 c.

12.Kononos I'. H. XumMust ipeBecuHbl U €€ OCHOBHBIX KOMIIOHEHTOB. M. : MI'VJI, 2002. 259 c.

13.T'op6aueBa I'. A., Yrones b. H., Canaes B. I'., Tapacos M. B., Cmupnos JI. B., Mopo3osa A. H. Dkcne-
pUMEHTaIbHOE HCCeqoBaHUE MoKazareield dddexTa mamsaTd (HOpMbI MHUKOJIOTMYECKH Pa3pyLICHHOH
IPEeBECUHBI // AKTyanbHBIE IIPOOIIEMBI U MEPCIIEKTHBBI PA3BUTHS JIECOTIPOMBINIIICHHOTO KOMILIEKca : cO.
Hay4. TpynoB Il Mexaynap. Hayd.-TexH. KoH(. / oTB. pen. C. A. Yrpiomos, T. H. Baxauna, A. A. Tury-
HuH. Koctpoma : KI'TY, 2015. C. 9-12.

14.Yrones b. H., 'ankun B. I1., T'opbauesa I'. A., baxxeHoB A. B. BrnaxxHocTHBIE 1 cuitoBble nedopMaiuu
nIpeBecuHBI / Martepuaisl Bcepoc. KoHD. «JleHaposkonorus u ecoBeneHuey. Kpacnospck : MH-T neca
um. B. H. CykaueBa CO PAH, 2007. C. 163-165.

15.Gorbacheva G. A., Olkhov Yu. A., Ugolev B. N., Belkovskiy S. Yu. Research of Molecular-Topological
Structure at Shape-Memory Effect of Wood. Proceedings 57th International Convention of SWST «Sus-
tainable Resources and Technology for Forest Products». 2014. Zvolen, Slovakia. P. 187-195.

VJIK 630.8

X. Deglise,

Emeritus Professor, Fellow and former President of IAWS, Full Member of the French Academy of Agriculture, LERMAB/ ENSTIB,
University of Lorraine, Nancy, France,

xavier.deglise@univ-lorraine.fr

G. A. Gorbacheva,

Candidate of Technical Sciences, Fellow of IAWS, Associate Professor, Mytishchi Branch of Bauman Moscow State Technical
University, Mytishchi, Russian Federation,

gorbacheva@bmstu.ru

V. G. Sanaeyv,

Doctor of Technical Sciences, Fellow of IAWS, Director, Mytishchi Branch of Bauman Moscow State Technical University,
Mytishchi, Russian Federation,

vgsanaev@bmstu.ru

BACK TO THE FUTURE OF WOOD - RETURN OF WOOD ERA

At the beginning of Mankind, wood was the only resource to fulfill the housing and energy needs of the population. After numerous
successive periods we are now in the worst situation that we have ever known, with global warming which endangers our life on
earth! In this paper we will show that to solve the problem of global warming we need to return to wood Era by using more wood in
the construction of houses and buildings and more wood for energy without too much drawbacks like resources and pollution!
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HA3AJ B BYAYIEE — BO3BPAIIEHUE 2IIOXU JPEBECHHbI

Ha 3ape uenoseuecmsa opesecuna 6ulia eOUHCMBEHHLIM PECyPcom Ol YOOGILeMEOPEHUsL JHCUTUUHBIX U IHEPLeMUYECKUX NOMPEOHO-
cmetl Hacenenus. Tlocie HeCKOMbKUX NOCIE08AMENbHBIX NEPUOO0E Mbl OKA3ATUCH 8 Xyoulell Cumyayuu, Komopyo mvl K020a-mbo
3HAU, ¢ 2N00ATLHBIM NOMENIEHUEM, KOMOpoe CIAUm noo Yepo3y HauLy J#CusHb Ha 3emne! B smoiu cmamve mvl nokascem, ymo 0
peuienust npobremvl 20OANbHO20 NOMENIEHUs HAM He0OX00UMO 8ePHYMbCS 8 9Py Opesecutbl, UCHONIb3Ys bonvule Opesecunvl Ois
cmpoumenscmea 00Mo8 u 30aHull, 0l NPouU3600Cmea dHepeuu 6e3 ocodbix HeOOCMAamK08, MAKUX KaK YMeHbUleHUe Pecypcos U 3da-
epssHenue!

Kniouesvie cnosa: nec, opegechviii mamepuan, Cmpoumensbcmeo, Opesecuta KaxK UCMOYHUK IHePSUU, OMXO00bL.
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Introduction

There are many attempts to bring order into human history by defining «ages» or periods with common
activities and behavior. The last attempt which is finally commonly accepted defines three different ages, Stone
Age, from Paleolithic to Neolithic, Bronze Age divided in Copper Age and Bronze Age, Iron Age, from 1000
BC to now, where this age is Steel Age. Here we are defining differently with humor, a wood age, like the crea-
tionists, when Adam and Eve were fired from Paradise and where obliged to find a shelter and some heat! It
was the beginning of using wood for construction and energy. Later we were using stones and now concrete
and steel. Wood for energy was replaced by coal and petroleum. Now we are coming back to wood as a materi-
al and as a source of energy [1, 2]. For sure it’s not a serious shortcut, nevertheless it’s not too far from the real-
ity! Aim of this study is to present why and how we are returning to wood!

Global Warming and solutions to stabilize or reduce it!

We have directly but mainly indirectly measured an increasing of CO, emissions, with a sharp in-
crease since 2000.

There is a very good correlation between mean earth temperature and CO, concentration shown in
the Fig. 1.

Warming is caused by increasing concentrations of greenhouse gases (GHG: CO, + CH,4) produced
by human (and cattle!) activities:

— burning of fossil fuels and agriculture

— deforestation (~ 25 % of total CO, including forest fires!)

— permafrost thawing (~ 50 % fossil fuels perhaps more) which is a real problem in Siberia.

The main contributors are China and USA and some countries like Japan and Germany which have
stopped the production of electricity by Nuclear power plants. We must point out that USA will probably
decrease its CO, coming back to the Paris agreement setting out, in 2015, a global framework to avoid dan-
gerous climate change by limiting global warming to well below 2 °C and pursuing efforts to limit it to
1.5 °C!

It’s absolutely necessary to reduce and trap the GHG emissions to reach this objective. There are 4
main strategies of Carbon sequestration are:

— Sequestering carbon dioxide in second-growth forests

— Sequestering carbon (dioxide) in forest products.

— Substituting for non-renewable raw materials.

— Substituting for non-renewable energy.

Atmospheric CO, Vs Temperature Anomaly
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Fig. 1. Atmospheric CO, Vs Temperature Anomaly [3]
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1 — Sequestering carbon dioxide in second-growth forests (Carbon sink) is possible by extension of
the resource, increasing the productivity, limiting harvesting to the biological production, reducing losses in
forests by protection against fire and insects (Beetle killed Lodgepole Pine is 15—17 million ha in British Co-
lumbia) and new silvicultural approach.

Natural Forests (old-growth or primary), without management, are Carbon Stock and not Carbon
Sink. Secondary Forests (second-growth forests), harvested with management plan are initially a Carbon
stock and then Carbon sink.

Temperate forest, managed and harvested sequester, in vegetation and soil, around 3 tons C ha '.year ',
boreal forest, 2 tons C ha.year ' and tropical forest, managed and harvested around 5 tons C ha'.year .

2 — Sequestering carbon in forest products

This sequestration accounts for only 10%* of the CO, sequestration by Forests [4 Jand occurs in
sawn wood, engineered wood products (EWP), boards, furniture, paper, cardboard until end of life ...the lat-
est possible.

Increasing the durability of the forest products by wood protection contributes to the sequestration of
carbon.

In factthe main forest products are in buildings where Engineered Wood Products (CLT, Glulam,
LVL...) manufacturing uses much less energy than in building with concrete, steel... and avoids the emis-
sions of GHG (CO,). The wood buildings have a lower carbon footprint [5,6].

The manufacture of concrete and steel accounts for 8 % of annual GHG in the world.

Buildings have a strong effect on the environment: 60 %of global resources consumption, 50 % of
global waste production, 35 % of global energy consumption and 35 % of global CO, emissions. Up to 10 %
of annual global carbon emissions are stored in wood buildings.

Carbon remaining locked inside wood products, for a long time it’s Carbon Stock, becoming Carbon
Sink with the increase in wood construction (5-10 %/ year) in many countries, actually!

There are other benefits to build with wood:

— Timber-based buildings take less time to build with prefabricated mass timber panels and beams.
Smaller crews assemble structures more safely and quickly, saving time and money.

— The greatest amounts of wood are used in mid-rise buildings (4 to 10 stories: residential apart-
ments, commercial buildings and hotels; any new building, extension, additional story); not in high-rise
buildings.

— Wood is healthy by its presence, scent and touch and has positive effects on people’s wellbeing,
stress levels, blood pressure, communication, learning and healing.

And most important remark, EWP (Engineered Wood Products) use smaller pieces of wood. It’s
better for CO, sequestration by forests because lumbers will come from reforestation with smaller trees
which grow faster in few decades! Carbon sink is increasing!

But there are some drawbacks:

— combustibility. It’s more challenging for multi-story buildings. In comparison to steel, glass or
concrete, wood needs a special protection or treatment to improve its fire resistance.

— high moisture level supports the biological degradation and humidity changes induce dimensional
variations. Moisture protection is necessary.

Another drawback coming from the success of wood construction is the procurement and prices
which are actually increasing too fast.

3 — Substituting for non-renewable raw materials and “chemicals”.

Wood based materials replacing concrete, PVC, aluminum, etc. will reduce carbon emissions (Fig. 2).

Chemicals, polymers ...coming from Wood Bio-Refinery show reduced emissions of CO, in manu-
facturing to compare with oil based products!

4 — Substituting for non-renewable energy.

Assuming carbon neutrality Fuel wood from sustainable sources replaces non-renewable energy
sources, to reduce carbon emissions!

Fuel wood is 50 % of the renewable energy in Europe and comes from clean wood from stems
(50 %), residues (50 %) from harvest operations (branches, foliage, roots, etc.) end of life wood coming from
the cascaded use of wood (firstly wood-based products, secondly recovered and reused or recycled and final-
ly used for energy), industry residues and black liquor.

Recently most of the countries from the northern Hemisphere are trying to reduce the use of Fuel
wood for Health problems. In France it will be decided to recommend to divide the use of Fuel wood by 2!
There is also a campaign to ban the use of wood to replace coal in Power plants.

Since the early 80’s there is a development of Bio Fuels, mainly through Thermo chemical
processes, which could replace Fuel wood.
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Embodied Energy: sum of all the energy required to produce the material
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Fig. 2. Embodied (or manufacturing) Energy of Materials [7]

Many possibilities exist to upgrade Fuel wood into bio fuels, gaseous like Hydrogen, liquids or sol-
ids (Fig. 3) [8]. At the same time there is a trend to mix wood with MSW (Municipal Solid Wastes).

Lignocellulosic
biomass
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Fig. 3. Schematic representation of the main processes involved in a lignocellulosic thermochemical bio-refinery [8]

There is indeed a big problem with MSW which are either incinerated or land filled with environ-
mental drawbacks. It’s better to try to upgrade them in renewable Energy. It will be interesting, namely for

Russia [9].

Conclusions
Numerous solutions are existing to fight the global warming, among them, forests and wood are proba-
bly the best, taking in account that forests are the most efficient carbon sink when they are properly managed in
a sustainable way. Forest Products accounting for only 10 % of Carbon sequestration but they are necessary to
help in managing forests! Without them it won’t be possible to make forests a real Carbon Sink!
Acknowledgement
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INPOHUHAEMOCTbDb JPEBECHUHBI BETULA PUBESCENS U EE UBMEHEHUE

Tponuyaemocms 015 HcUOKOCMel U 2A306 AGNAEMCA OOHOU U3 8ANCHBIX DUUYECKUX Xapakmepucmuk opesecunvl. Ha nponuyae-
MOCIMb Opesecunbl OKA3bIBAIOM GIUAHUE AHAMOMUYECKUe U PUIUOIO2UYECKUe 0OCOOEHHOCMY OpedecHbX NOPOO U Haauvue aubo om-
cymcmeue nopokog opegecuivl. OOHUM U3 PACHPOCMPAHEHHBIX NOPOKOE OPEBECUNbL, GIUAIOWUX HA ee NPOHUYAEMOCTMb, ABNACMC
nobypenue. B npeocmasnennoii pabome npogedensl UCCIe008aHUA GIUAHUA NOOYPEHU OPE8eCUHbl HA NPOHUYAEMOCb Opesectbl
Betula pubescens. Ilonyuennvle Oannvle c6UOeMeNbCMEYION 0 Pe3KOM CHUMCEHUU NPOHUYAeMOcmu Oepe3060il Opesecutbl NOPad*CeH-
Hotl no6yperuem. CHUMNCEHUe NPOHUYAEMOCTU OMMEYEHO 80 BCEX CMPYKNYPHBIX HANPAGIEHUSX.

Knroueswie cnosa: opesecura, b6epesa, npOHUYAEMOCHb, NOPOKU OPEBECUHDBI, PAHe8Ast peaKkyust, NoOypeHue.
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