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This review article assesses renewable energy (RES) market potentials in Russia and the
emerging co-operation potential between Finland and Russia in RES trade. The article pre-
sents three level assessment: political, individual RES type and company level reviews.
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Political framework for RES development
in Finland and Russia

Finland

Finland’s RES policy is driven by the EU’s so
called 20-20-20 RES directive which aims at
20 percent RES share of energy consumption
by 2020. The directive sets for each member
state mandatory national targets for the ove-
rall share of renewable energy sources (RES)
in gross final energy consumption as well as a
mandatory share of 10% RES in transport.

The EU forecasts to surpass its 20% target.
With 1,179.5 Mtoe in 2020 as overall energy
consumption and 244.5 Mtoe as RES consump-
tion, the share of RES will amount to 20.73%.
Thisisrather low compared to the national RES
industry roadmaps, which estimate a share
of 24.4% renewable energy by 2020 to be
feasible.

MAP 1
European Map showing NREAP Projections for 2020

Countries meeting their 2020 targets

Overachieving countries
B underachieving countries

Source: EREC

According to the National Renewable Energy
Action Plans (NREAP), more than one third
of European Union electricity consumption
will come from renewable energy sources in
2020. The share of renewable energy sour-
ces in electricity is forecast to increase from
14.9% in 2005 to 34.3% in 2020. According to

the national RES industry roadmaps, rene-
wable electricity (RES-E) can reach a higher
share of 42.3% electricity consumption in 2020.

According to the EU NREAPs, wind energy will
represent 14.1% of the electricity generation in
2020, hydropower 10.5%, biomass 6.5%, photo-
voltaics 2.35%, concentrated solar power 0.5%,
geothermal energy 0.3% and ocean power 0.15%.

RES shares in total EU energy consumption by

2020:
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All EU Member States have introduced or
are planning to introduce dedicated support
mechanisms for RES-E. Most Member States
appropriately differentiate between the diffe-
rent technologies. All four main types of sup-
port mechanisms (feed-in tariffs, premium
tariffs, green certificates, and tenders) can
be found in the various national renewable
plans. The heterogeneity of the RES support
mechanisms can and probably will create inef-
ficiencies within integrated European power
markets (target 2014) as these affect the costs
of RES generation.

The Finnish National Renewable Energy Action
Plan (NREAP) splits the overall 38 percent
renewable energy targetinto 32.9 percent RES-
Electricity, 47.5 percent RES-Heating & Cooling
and 20 percent RES-Transport. The action plan
indicates that Finland intends to be aboveitsin-
dicative trajectory throughout the period and
meet its 2020 target. Achieving the target is,
however, very challenging considering the high
level of energy efficiency already in practice.



The Finnish NREAP aims at considerable inc-
rease in Biomass use (especially in heating)
and wind power. The NREAP target shares
in Finland for different renewable shares are
illustrated in below three figures.

The Finnish Action plan includes a specific plan

on measures needed to achieve the renewable
energy targets contained in the resubmitted
NREAP-FIN. It has a focus on bioenergy and
also contains information about the adminis-
trative responsibilities and supporting organi-
sations (Table below, Source: NREAP table 5).

MEE (Ministry of Employ-ment and Economy)
MAF (Forestry Centre, forestry management associations)

Promotional measure Type Target group(s) Promoting responsibility
Biofuel distribution obligation Regulatory Use of biofuels in transport MEE, other ministries
Sustainability criteria for biofuels and Regulatory Biofuel producers and distriputors, ~ MEE, other ministries

bioliquids

biobased fuels and liquid fuels

Production support for biogas Financial support

Energy producers, biogas MEE, other ministries

Production support for wood chips Financial support Energy producers, forest owners, MAF
woodchips
Production support for small CHP Financial support  Energy producers, especially wood MEE

plants using renewable energy sour-
ces

fuels General energy information

Fixed production support for electricity ~ Financial support

produced by renewable energy

MEE

Energy producers, wind power,
General energy information

biogas, wood chips, small-scale
hydropower

Energy subsidies for producers of Financial support

renewable energy recources

MEE

Energy producers, and users, : .
General energy information

all measures increasing RES
production and use

Promotion of biofuels in transport Financial support

through fuel taxes

MEE

Energy producers and end users
General energy information

Financial and

Investment aids for farms using rene- A
informative support

wable energy resources

MAF

Thermal energy plants and biogas
Farming consulting bodies

plants at farms that use RES or
residual heat

Investment aid for biogas plants Financial support

Thermal energy plants and Promoti-
on of construction of biogas plants
in conjuction with farming in areas

MEE, MAF

with large number of animals

Financial and

Farm energy programme
8y Prog informative support

Promotion of energy efficiency at MAF
farms and the production and use
of renewable energy by means of
energy efficiency agreements and

suported energy plants

Energy subsidies for small sized wood  Financial support

Increasing the production of wood

MAF

chips from young forest stands and

first thinning sites

BioRefine Financial / R&D

Biomas refining and

MEE, other ministries
2nd generation biofuels

Bioenergy end wood energy advisers Informative

Companies, organisations and MEE
consumers, advice on the
development of wood based and
other bioenergy
Selected other measures targeting Financial support Households, concerning energy MEE

renewable energy investments within
household sector

efficiency and promoting use of RES General energy information

in renovations

Selected other informative measures Financial/Research, de-
targeting efficient use of energy and velopment and training
renewable energy

Energy, environmental and
researching bodies and actors

MEE
General energy information

Qualification scheme for installers Informative

Installers, end users ordering MEE

General energy information



Finland: Clean energy program

This autumn (2012), Jyri Hakamies, Minister of
Economic Affairs, presented a clean energy
program' to the Government as part of the
Finnish energy and climate strategy update.
The program aims at balancing Finland’s
current account by investing in the production
of clean domestic energy and reducing
the import of energy by one third. Finland

will be the first country in Europe to abandon
the use of coal almost completely by 2025,
and to reduce the use of natural gas by
10 and the use of oil by 20 per cent.

The main investment goals of this clean
energy policy together with estimated emp-
loyment effects are given in below table:

Clean energy program investment Investment Employment
Nuclear >10 bn € 3000

Wind power (9TWh target) >2bne 15 000
Bioenergy ~4bne 20 000

Energy efficiency >1bne€ 7000

Solar Power 0,2 bn€ 1000

Electric Traffic 3bne€ 2000

Other (R&D) 0,5bn € 2000

Total (estimate) >20bne€ 50 000

The clean energy program aims at reduction
of CO2 emissions by 20-25 % (compared to 2011
level). The construction part of these projects
involve considerable positive employment
effects (estimated at 80.000 annual work days)
inadditiontotheabovenewjob creation effect.

The main actions of the clean energy program
include the following targets:

. Oil fuel usage is reduced by 20 %

. Coal is replaced by renewable energy
sources

. electricity imports are reduced

. 10 % of gas is replaced by biogas

The program was announced using trade
deficit as one argument i.e. new RES techno-
logies could spin off new export goods
and services. This argument is little bit odd
but the program itself is welcomed in the
Finnish energy/environmental policy.

The clean energy (RES) policy is likely to

develop slower due to the possible (although
far from certain) new nuclear units in Finland.

There are currently four nuclear reactors
in operation:

Olkiluoto 1and 2
Loviisa1and 2

(1765 MW)
(976 MW)

One more reactor is currently under construc-
tion Olkiluoto 3 with 1720 MW capacity.

Two more reactors have been given
green light by the government:
Olkiluoto 4 (1000-1800 MW )

Fennovoima 1 (1600-1700 MW)
The realization of Olkiluoto 4 and Fenno-
voima 1 are not economically feasible if the
Nordpool spot wholesale electricity price
is staying at current levels (requirement
of over 50 euro per MWh).

" http://www.tem.fi/files/34056/Puhdas energia ohjelma esittely 100912.pdf



In Finland the use of so called Mankala prin-
ciple allow owners of co-owned power plants
(typically nuclear) to use transfer pricing
of electricity at generation cost instead of
normally applicable market pricing. If transfer
pricing was at market quotation, owners
would pay income taxes in the generation
company. It is unclear how EU will handle
Mankala principle in the long run. From
economic point of view the principle has
no arguments.

Russia’s RES policy

This section presents the Russian policy frame-
work on the renewable energy. Power genera-
tion in the Russia is dominated by gas, coal and
oil. Russia is one of the world’s leading energy
giants. It can satisfy it’s own energy demand
and is large exporter of energy. According
to some experts®> Russian natural resources
account for 40 % of coal and 13 % of oil
in world’s reserves.

The majority of the Russian population is con-
nected to heat and electricity network of the
Unified Energy System (see map below). Most
of the territory (70%), with a population of
about 10 million people, is not, however, cove-
red by the centralized power grid.

The Unified Energy System of Russia

In 2008 the relevant ministries and agencies of
the Russian Federation started preparation of
the legal basis for the development of Rene-
wable Energy Sources (RES) in Russia. In early
2009, the government issued Decree of the
Government of the Russian Federation? accor-
ding to which the RES share would be 4.5 % of
electricity consumption in Russia by 2020. The
RES would consist of: biological, geothermal,
wind,solarandsmallhydroresources.ForRussia,
which has traditionally focused on fossil fuel
energy production, this was a revolutionary
policy goal.

In the presence of legal and economic support
from the state RES in Russia could have the
potential to become a major energy sector
with a real contribution to the total energy
production. According to a recent report* the
share of renewable energy in the total energy
production could be as high as 35% by 2030.
The projected RES shares would be: 15-20% of
hydropower, 5.7% of wind power, 10% of bio-
energy and 5% of geothermal and solar energy.

There are number of reasons why interest in
developing more localized energy systems
using local and renerwable energy sources
have risen. One reason is the abovementioned
fact that the unified power system covers only
part of the Russian territory and the power
grid simply cannot cover the vast area. Other
reasons include: the ‘greening’ of the world
energy policy (especially in Europe) and of
course the fact that fossil fuel reserves are at
some point has to be substituted with some
other forms of energy as the known reserves
end.

One of the central policy objectives of the newly
elected president Putin and his new govern-
ment is to transform Russia into an “economy
of leadership and innovation”, as stated in the
Concept for Long-Term Social and Economic

*> be3pykux [1.I1., Apbysos 10.4., Bopucos I.A. 1 gp. Pecypcbl 3 eKTUBHOCTb MCNO/Ib30BaHKA BU3 B Poccuu. — CIM6.: Hayka, 2002
3 PacnopseHue MpasutenbctBa PP N21-p 0T 08.01.2009. «O6 yTBEpK/AEHUM OCHOBHbIX Hanpas/ieHWi [0CyAapCTBEHHOM MOUTHUKM
B cepe MNoBbILLIEHUA SHepreTUieckon 3PpPeKTUBHOCTU B 3/1eKTPOIHEPreTHKe Ha OCHOBE UCMO0/Ib30BaHUA BO30OHOB/IAEMbIX

MCTOYHMKOB SHEPIUK, Ha NMepUoy, 4,0 2020 roga».

4 MepcneKTMBbI pa3BUTUA BO30OHOB/IAEMbIX MCTOYHMKOB 3HEpriu B Poccuu. PesyabTaTbl npoekTa TACIS Europe Aid/116951/C/CV/RU.
Hukonaes B.T'., Fanara C.B., KyapAwos l0.U., Banbtep P., Buanemc I1., CaHkosckuit A.T.. M.: U3g. «ATmorpad», 2009, -456 c.



Development to 2020 (“the Concept”). The
Concept envisages that Russia will not only
remain a key producer and exporter of raw
materials, but that it will also develop high-
tech sectors and make its economy “compe-
titive worldwide”. It states that there will be
several aspects to the transition to an innova-
tive economy, including “winning leading po-
sitions in the development of renewable ener-
gy sources”. Russian Government Resolution
No. 1-r also states that the use of renewable
energy contributes to the “integration of inno-
vative high technology and equipment in the
energy sector”. Notably, the Russian policy
document, “List of Priorities for the Develop-
ment of Science and Technology”, approved in
2006, identifies energy and energy efficiency
as priorities®.

President Putin also signed a decree ”about
long-term state economic policy” which envi-
sages the investments in Russia to grow to 25
percent of the gross domestic product (GDP)
by 2015 and to 27 percent by 2018. Currently
the share is less than 18 percent. According
to the decree Russia should also take the 50th
place in the World Bank ”Doing Business” ra-
ting by 2015 and 20th place by 2018, according
to the decree. Currently, Russia occupies 120th
place in that rating.

As it pursues its objective of making the Russian
economy globally competitive, the government
is accounting for the global trend towards
“greening” of energy supply and use. Driven
by the climate change challenge and energy
security concerns, more and more countries
areturning theirattentiontorenewable energy
sources. In its World Energy Outlook 2010 the
International Energy Agency (IEA) projects
that the share of fossil fuels in global
primary energy demand will fall from 81 per
cent in 2008 to 74 per cent in 2035, while the

share of renewables increases from 7 per cent
to 14 per cent over the same period in its New
Policies Scenario®.

The policy objectives above are very challen-
ging but the political signal is that the Russian
economy should diversify its trade structure
from raw-material based exports towards
more ‘value-added’ exports. The key question
is how to redistribute the oil and gas based
incomes efficiently into development of the
Russian industrial base that would start produ-
cing moreintermediate or final consumption or
investment goods and/or services. Renewable
energy is one promising way of achieving
this: for example, generating biogas or bio-
fuels from vast forest/wood processing stock
or from agricultural flows, rises the export
value added and diversifies the current
technological knowhow in Russia. More gene-
rally, innovation policy and its implementation
‘top-down’ so that new technologies are
adopted efficiently in co-operation with Euro-
pean partners could and should be one central
focus of the current Russian government.

Russian energy ministry, the System Operator’
(SO) and various research Institutions have
published reports on economic scenarios until
2020 and 2030. The energy strategy on deve-
lopment 2017) of the unified power system
in Russia can be found in the Russian Energy
Ministry’s web page®. The Energy Forecating
Agency (public agency) produces long term
(2020 and 2030) prognoses? or ‘schemas’ on
the development of conditions affecting the
Russian power sector.

The reports include prognoses of the electri-
city demand and generation capacity both
regionally and at Russian Federation level.
In addition there are forecasts of develop-
ment of fuel prices.

5Pr-843 Priorities for Science, Technology and Engineering in the Russian Federation, approved by Russian

President Vladimir Putin, 21 May 2006.

This is the scenario that takes into account the policies and measures already implemented and also
those that have been announced. IEA, World Energy Outlook (IEA, Paris, 2010).

so-ups.ru and there document OT4yeT 0 dyHKUMOHMpPOBaHuM ESC Poccun B 2011 roay
8http://[www.minenergo.gov.ru/documents/fold13/index.php?ELEMENT_ID=9471&sphrase_id=258593

Shttp://www.e-apbe.ru/scheme/



The Russian power market is driven by
gas, coal and nuclear power. Renewables
are still at roughly one percent of total gene-

Electricity production 2011

Fossil fuels

Electricity Nuclear energy

production
in Russia

Hydropower

The generation capacity is ageing and a
huge investment program has been initiated
by the Russian government. The Investment
need even in the base scenario is estimated
to be 173 GW of new capacity. In the North-
West Russia the need is roughly 23 GW. The
next section discusses the role of renewables
in this modernization plan.

GW
400 -

360
320 4
280 -
240 A
200 7

160 - /
Existing capacity

Renewable sources of energy

Need for capacity (maximum scenario

ration. Of these the majority of renewable
generation is based on biomass.

Renewable generation 2011

1,1%
1.7%

2,9%
ol )‘ﬁ’ Boiler rooms for biomass
TPS on biomass
B Biogas plants
20% B GeoTPS

B Others

The basecase scenario in the forecast agency’s
scenario assumes roughly 2,2 percent annual
electricity consumption increase. This is fairly
optimistic figure (giventhatthereisalso energy
efficiency improvement goals on reduced heat
and electricity losses). In general the scenarios
seem to be based on trends based on fairly
rapid growth during recent years™.

373
)

%8.5 GW

173 GW

145

120
2008 .

2010 2015

Source: http://[www.e-apbe.ru/scheme/

2020

2025 2030

° FAO recent report on Russian Forest Outlook tends to confirm this: paper and pulp demand is assumed to growth at a rapid
pace, requiring ten or so Greenfield new pulp and paper factories - if the scenario is realised. Few experts consider this as

realistic scenario.
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All scenarios seem to predict a steady rise of
domestic Russian gas price. A one strategic
goal of the government is to ensure the equal
profitability both for domestic and export gas
supplies - it means that domestic prices will
be set on a netback basis (i.e. export price in
EU minus transit fees and duties). The Russian
Academy of Sciences Energy Research Institute
(ERI RAS) forecast the following development
of the coal and gas prices:

Forecasts of coal and gas prices in Russia in
2010 Roubles per tce (=0.7toe) L=low, H= high:

There are also large regional differences in gas
prices within Russia. According to one study
the 2011 lowest gas max price is in Yamnenets
region (Siberia) 64 €/100om3, which is equva-
lent to 5,5 €/ MWh. In S-Petersburgh region
the same price is 113 €/1000m3 or roughly 10 €/
MWh .

Assuming 40 % efficiency ratio gas condensing
marginal price would then be 25 €/ MWh. As
the gas prices rise the marginal cost rise and
other forms of capacity become also feasible.

1
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Finland’s bioenergy potential

The main source in Finland’s bioenergy
potential lies in its forests. The wood based
biomass dominate othersources(Tablebelow).

Estimated Net amount Primary
amount of (considering im- energy
domestic resource port and exports)  production
(ktoe)

Felling ©
Residues from felling (tops, branches, bark) 2.2 million m? 2.2 million m? 358
Landscape management residues 0 Y
Other ( including firewood for one family houses) 6.1 million m3 6.1 million m3 1,063

Residues from sawmilling, woodworking, furniture 11.7 million m? 11.7 million m3 1,839
By-products of the pulp and paper industry 22.0 million m3 22.0 million m3 3,821
Processed wood fuel 259,000t 66,000 t 106

Post consumer recycled wood 1.0 million m? 1.0 million m3 167

(including recycled wood burnt in households)

Other 0 0 (o]

Oats 700 t 00t 0,32

Arable crops (cereals, oilseeds, sugar beet, silage maize)  Spring turnip,7rape ;30 t 0:25
730t

Reed canary grass 67,500 t 67,500 t 34.8

Straw - - -

Manure - - -

Animal fat 8,359t 15,150 t 13,38

Meat and boned meat +6,800 44,00 9.46+9.02

Source: Resubmitted NREAP-FIN, Table 7
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The total volume of Finland’s forest stock is
roughly 2 200 million m3. The growing stock
volume has been increasing for a long time as
the growth of the forests in volume exceeds
the harvesting volumes and natural drain. For
example in 2007 the total drain was 72.9 milli-
on m* while the total growth of stock 98.8 was
million m3. The total drain includes cutting

removals, harvesting losses and natural
mortality.

mill.m3
100

Increment of growth of stock (1935-2005)
and drain (1949-2006) Source: Finnish Forest
Research Institute, National Forest Inventory
and Forest Statistics Information Service.

Total increment

40
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Over half of Finland’s forests are owned by ShareofRESoftotalenergyprocurementin2011

private individuals, 1/3 by the state and over10%
by private forest companies and other owners.
The average size of a forest holding owned by
private individuals is small, about 24 hectares.
About one in every six Finns is a forest owner
(920,000 owners and 440,000 holdings).

Currently the largest consumer and producer
of the renewable energy in Finland is the
forest industry. The share of biogas, energy
from heat pumps and other recycled fuel
based solutions have increased steadily since
early 1990s, but their share in the total
energy balance remains still fairly small.

Fossil Fuel
B Nuclear
44 %
Il Peat

B Renewables

I Others

Source: Statistics Finland
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In electricity generation the Biofuel and hydro
generation have roughly equal shares. Electri-
city generation in Finland by energy source in

2011 is illustrated below.

oil
0,6 %

Hydro power
17,4 %

Wind power
0,7%

Coal
14,1%

Natural gas " Peat
13,0 % 74 %
Bio fuel
14,3 %
I:)L(J)cleearr Waste fuels
wi
0,9%
31,6 % "

Source: Finnish Energy Industries

Oil Crops
(Rape,Sunflower etc.),
Waste Oils, Animal fats

Sugar and Starch Crops

Lignocellulosic Biomass
(Wood, Straw, Energy
Crop, MSW, etc.)

Biodegradable MSW
Sewage Sludge, Manure,
Wet Wastes (Farmaand
Food Wastes)

Notes:

The Structure of RES energy sources in Finland
(2006)

PJ

Small Combustion of
Wood 13% 38
q\\

Hydro Power

11%

Wood fuels used in
industry and energy
production

‘Waste Fuels
(Bio)

28%
Bicgas

Other Biofuels

4%

Heat Pumps

Renewable 33%
Carbon dioxide free 64 %

43%

Black Liguor
of the
Forest industry

Wind Power

Source: ministry of Employment and the Economy
5 and Statistics Finland, Energy Statistics

Bioenergy technology

Commercial bioenergy routes are shown in
diagram below and start with feedstocks such
as forest- or agriculture based crops or indust-
rial, commercial or municipal waste streams
and by-products. These routes deliver electri-
city or heat from biomass directly or as CHP,
biogas and liquid biofuels, including ethanol
from sugarcane or corn and biodiesel from oil-
seed crops. Commercially scalable processes
of liquid biofuels can produce a limited range
of products compared with fossil fuel sourced
products.

(Biomass Upgrading?) +
Combustion
Transesterlﬁcat.lon Biodiesel
or Hydrogenation
(Hydrolysis) + Fermentation Ethanol
Gasification Renewable
(+ Secondary Process) Diesel
Pyrolysis
Anaerobic Digestion*
Biomethane

(+ Biogas Upgrading)

1. Parts of each feedstock, for example, crop residues, could also be used in other routes.

2. Each route also gives co-products.

3. Biomass upgrading includes any one of the densification processes (pelletization, pyrolysis, etc.).

4. Anaerobic digestion processes release methane and CO2 and removal of CO2 provides essentially methane,
the main component of natural gas; the upgraded gas is called biomethane. Source: IPCC (2011)



Because biomass is mostly available in low-
density form, it demands more storage space,
transport and handling than fossil equivalents,
with consequent cost implications. Biomass
often needs to be processed (pretreated) to
improve handling. For most bioenergy systems
and chains, handling and transport of biomass

from the source location to the conversion
plantis an important contributor to the overall
costs of energy production. The different
processes (Thermochemical, Biochemical
and Chemical) used for converting Biomass
into Biofuels are shown below.
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