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Abstract

Stora Enso Wood Supply Finland (WSF) was certified to the ISO 50001 Energy Efficiency
Management System standard in 2015. At Stora Enso WSF, the goal is to improve energy
efficiency by 4% by 2020 from 2015. Improving the energy efficiency of wood procurement
(i.e. logging and timber trucking) enterprises is currently one of the main focus areas for en-
ergy efficiency development at Stora Enso WSF. In order to clarify its state-of-the-art in the
business of wood procurement enterprises at Stora Enso WSF, logging and timber-trucking
entrepreneurs were interviewed in November and December 2017. The survey data consisted
of 25 logging and 25 timber-trucking entrepreneurs. The coverage rate of both entrepreneur
groups was 73.5% in the survey. The results indicated that timber-trucking enterprises high-
light more energy efficiency and fuel efficiency than logging enterprises. For instance, the
timber-trucking entrepreneurs underscored more energy efficiency in their acquisition deci-
sions of new vehicles and the greater role of fuel efficiency in the energy-efficient business than
logging entrepreneurs during 2016 and 2017. Furthermore, the survey results revealed that
logging and trucking enterprises can improve energy efficiency in their business by organiz-
ing more energy efficiency education (i.e. economical and anticipated driving training) for
their machine operators and truck drivers. There is a positive attitude towards energy effi-
ciency among both logging and timber-trucking entrepreneurs. This creates a solid background
to deepen and continue energy-effective work in the wood supply chain between the enter-
prises and Stora Enso WSF in the future.

Keywords: SME, 1SO 50001, fuel efficiency, economical driving, wood harvesting, long-dis-
tance transportation

1. Introduction

At the Paris Climate Conference in December 2015,
195 countries adopted the first-ever universal, legally
binding global climate deal. In the Paris Climate
Agreement, governments agreed the long-term goal
of keeping the increase in global average temperature
to well below 2 °C above pre-industrial levels and to
aim to limit the increase to 1.5 °C, since this would
significantly reduce the risks and the impacts of
climate change (United Nations 2015). The European
Union (EU) has set climate and energy policy targets

for 2030, which precedes the Paris Agreement (Euro-
pean Union 2014).

The 2030 EU Climate and Energy Framework (Eu-
ropean Union 2014) sets three key targets for the year
2030:

= at least 40% cuts in greenhouse gas emissions
from the level of 1990

= at least a 27% share of renewable energy
= atleast a 27% improvement in energy efficiency.

The European Commission is further looking at
cost-efficient ways to make the European economy
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more climate-friendly and less energy-consuming. Its
Low-Carbon Economy Roadmap suggests that by 2050,
the EU should cut greenhouse gas emissions to 80%
below the level of 1990 and the milestones to achieve
this are 40% emissions cuts by 2030 and 60% by 2040
(European Union 2011). In addition, a Roadmap for
moving to a competitive low-carbon economy in 2050
underlines that all sectors must contribute and that the
low-carbon transition is feasible and affordable.

The Energy Efficiency Directive entered into force
on 4 December 2012 in Europe (European Union 2012).
Its main objective is to implement the energy efficien-
cy target of the 2030 EU Climate and Energy Frame-
work. Energy efficiency agreements guide companies
and organizations to improve their energy efficiency
(Motiva 2018). For instance, Finland reports to the EU
on the progress of its energy saving measures. In Fin-
land, the Energy Efficiency Act requires, among other
things, that large companies must carry out an energy
audit in which they report energy efficiency targets
and development every four years (Energiatehok-
kuuslaki 2014, Palander et al. 2018).

The energy audit may be released if the company
reports on energy efficiency for a certified standard,
for example an international ISO 50001 Energy Man-
agement System standard. The international ISO
50001 Energy Management System standard is to en-
able organizations to establish the systems and pro-
cesses necessary to improve energy performance, in-
cluding energy efficiency, use, and consumption. The
ISO 50001 standard specifies requirements applicable
to energy use and consumption, including measure-
ment, documentation and reporting, and design and
procurement practices for equipment, systems, pro-
cesses and personnel that contribute to energy perfor-
mance (ISO 2011).

Stora Enso Group is a provider of renewable solu-
tions in packaging, biomaterials, wooden construc-
tions and paper on global markets, which has around
26,000 employees in more than 30 countries. Its sales
in 2017 amounted to EUR 10 billion (Stora Enso 2018).
Stora Enso has an Energy and Carbon Policy (Stora
Enso 2017a). Its ambitions are to drive down fossil fuel
use so as to get as close to zero as possible within the
decade using technically and commercially feasible
means, and to seek to substitute fossil-based and oth-
er non-renewable materials with renewable products
(Palander et al. 2018). Specific targets for the Energy
and Carbon Policy are to:

= reduce specific electricity and heat consumption

per saleable tonne of pulp, paper and board pro-
duction by 15% by the end of 2020 compared to
the baseline year of 2010

Attitudes of Small and Medium-Sized Enterprises towards Energy Efficiency in Wood ... (107-123)

= reduce fossil CO, emissions per saleable tonne
of pulp, paper and board by 35% by the end of
2025 from a 2006 baseline (Stora Enso 2017a,
Palander et al. 2018).

At the Group level, all 33 production units by Stora
Enso were certified to the ISO 50001 Energy Efficiency
Management System standard by the end of 2016
(Stora Enso 2017b). Stora Enso Wood Supply Finland
(WSF) delivers wood to Stora Enso’s Finnish pulp and
paper mills, as well as to the company’s sawmills. In
addition, Stora Enso WSF provides bioenergy to heat-
ing and power plants. In 2017, the total volumes sup-
plied by Stora Enso WSF from forests to internal and
external mills were about 22 million m® solid over the
bark (later only: m®). Stora Enso WSF does not have its
own wood harvesting machinery and timber-truck
fleet. Currently, there are 34 logging and 34 timber-
trucking enterprises, which produce industrial round-
wood procurement services from forests to mills for the
company. Industrial roundwood procurement services
are conducted by more than 300 harvesting chains (i.e.
harvesters and forwarders) and more than 200 timber
trucks. All logging and timber-trucking companies,
which produce wood supply services for Stora Enso
WEEF, are small and medium-sized enterprises (SMEs),
as are all logging and timber-trucking enterprises in
Finland (Hope 2017, MetsaTrans tilastot 2018).

Stora Enso WSF was certified to the ISO 50001 En-
ergy Efficiency Management System standard in 2015.
The target of the company is to improve energy effi-
ciency by 4% by 2020 from 2015 levels (Stora Enso
2015). In order to achieve this target, several actions at
Stora Enso WSF have been conducted to improve en-
ergy efficiency during the last three years. In order to
accelerate further the energy efficiency work at Stora
Enso WSF, more close cooperation throughout the
whole wood supply chain with the logging and tim-
ber-trucking enterprises contracted to Stora Enso WSF
is needed.

Furthermore, when developing deeper cooperation
with the enterprises contracted to Stora Enso WSF, a
profound understanding of the current situation of en-
ergy efficiency in logging and timber-trucking enter-
prises is required, and knowledge, for example, of
what the attitudes of entrepreneurs are towards energy
efficiency. This kind of information does not currently
exist. Actually, there are very few studies of energy
efficiency in the procurement of industrial roundwood
(Lindholm and Berg 2005, Palander 2016, 2017, Palander
and Kérha 2018, Palander et al. 2018, Prinz et al. 2018)
compared to, for instance, the pulp and paper indus-
tries, for which many energy efficiency studies have
been done (e.g. Farla et al. 1997, de Beer et al. 1998,
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Martin et al. 2000, Kilponen et al. 2001, del Rio Gonzalez
2005, Joelsson and Gustavsson 2008, Thollander and
Ottosson 2008, Fleiter et al. 2012, Fracaro at al. 2012,
Peng et al. 2015, Hamaldinen and Hilmola 2017).

Nevertheless, the fuel consumption of forest ma-
chines and timber trucks in industrial roundwood pro-
curement has been abundantly studied in the 21* cen-
tury (e.g. Nordfjell et al. 2003, Rieppo and Orn 2003,
Brunberg et al. 2004, 2017, Vakevd et al. 2004, Brunberg
2007, Tikkanen et al. 2008, Klvac¢ and Skoupy 2009,
Holzleitner et al. 2011a, 2011b, Brunberg 2013, Klvac et
al. 2013, Manner et al. 2016, Oyier and Visser 2016,
Svenson and Fjeld 2016, Ackerman et al. 2017, Lijewski
et al. 2017, Magagnotti et al. 2017, Prinz et al. 2018). In
addition, surveys have been conducted focusing on
increasing productivity, reducing costs and improving
technical and operational efficiency in logging and
timber-trucking wood procurement SMEs (e.g. Carter
and Cubbage 1995, Mékinen 1997, LeBel and Stuart
1998, Bonhomme and LeBel 2003, Penttinen et al. 2009,
Cacot et al. 2010, Drolet and LeBel 2010, Leon and
Benjamin 2012, Soirinsuo 2012, Hourunranta et al.
2013, Conrad IV etal. 2017, Obi and Visser 2017). How-
ever, there is currently no energy efficiency research
related to logging or timber-trucking enterprises.

Consequently, this study focused on the energy ef-
ficiency of logging and timber-trucking SMEs. A case
study was conducted, in which the logging and tim-
ber-trucking enterprises contracted to Stora Enso WSF
were researched. The aims of the study were to:

= clarify state-of-the-art of energy efficiency at-
titudes in logging and timber-trucking enter-
prises

= describe the future needs, measures and pros-
pects of entrepreneurs concerning energy effi-
ciency and its improvement.

2. Material and methods

2.1 Data collection

Twenty-five logging and 25 timber-trucking entre-
preneurs contracted to Stora Enso WSF were inter-
viewed in person by two interviewers in November
and December 2017. The entrepreneurs for the survey
were selected evenly from all three wood procurement
areas (South, East and North) of Stora Enso WSF, and
8-9 logging and timber-trucking entrepreneurs per
procurement area were interviewed. The total number
of logging and timber-trucking entrepreneurs was 34
at the time of the survey (the end of 2017), and the
coverage rate of both entrepreneur groups in the sur-
vey was 73.5%.
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There were two structured questionnaires in the
survey, one for logging entrepreneurs and the other
for timber-trucking entrepreneurs. The questionnaires
were mostly identical but there were small differences
in questions related to the machinery and truck fleet
in the enterprises, as well as the operational environ-
ment in logging and timber-trucking business. Before
the interviews, the questionnaires were verified by
four real interviews (two with logging and two with
timber-trucking entrepreneurs). The feedback resulted
in useful amendments to the query forms.

The questionnaires had eight sections:

= background information

= discussions about energy efficiency

= energy efficiency education

= role of energy efficiency in the investments of

novel machine and truck fleet

= monitoring of energy efficiency and productiv-

ity in business

= most important factors affecting energy efficien-

cy

= energy efficiency measures

= future prospects and visions towards energy ef-

ficiency.

The answers to the study question one (i.e. state-
of-the-art of energy efficiency in the enterprises) were
detected in all the sections of the questionnaires. Sec-
tions 3, 7 and 8 produced the data for the second study
question of the survey (i.e. the future needs, measures
and prospects of energy efficiency). To ensure that the
interviewees understood the term of energy efficiency
similarly, the following was outlined for all entrepre-

neurs in the beginning of each interview (Palander et
al. 2018):

»Energy efficiency can be increased if overall energy
consumption is reduced. Physically and mathematically, the
lower value of consumed energy content indicates better
energy efficiency. Thus, in wood procurement the energy
efficiency is the ratio between the consumed energy content
of a conversion process from fuels and indirect energy forms
(kWidm’, kW/g) as the input of the system and the produced
energy content of wood as the output of the system (i.e. kW/
m’or kW/kg of cut, hauled, transported wood, or payload of
wood or delivered unit of these). Improvement in energy
efficiency can be achieved by reducing consumption of en-
ergy input with a constant level of energy output but also
by enhancing output with constant energy consumption of
inputs. It is also possible to develop both measures simulta-
neously with more complex systems«.

In Section 1 of the questionnaires, the logging and
timber-trucking entrepreneurs’ and their firms’ back-
ground information was investigated with relevant
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questions (age and gender of an entrepreneur and the
company form at the time of the survey, total logging/
long-distance transporting volumes (m”) by enterprise
in 2016 and 2017 (estimate), average logging machin-
ery (i.e. harvesters and forwarders) and timber trucks
used in the enterprise in 2016 and 2017, and total num-
ber of forestry customers in 2016 and 2017). In addi-
tion, in the interviews of logging entrepreneurs, the
average size (m’) of thinning and clear-cutting stands
and the average forest machine relocation distance
(km) between harvesting stands during the last two
years (2016 and 2017) were estimated.

In Section 2 of the questionnaires, it was mapped
how often in the enterprises of the survey the energy
efficiency has been discussed among own employees
(i.e. forest machine operators/timber-truck drivers) and
entrepreneur colleagues, and with the wood harvest-
ing and truck transportation officers of Stora Enso WSF
during the 2017. The respondents used the following
scale: daily, weekly, monthly, less than monthly, or
energy efficiency has not been discussed at all in 2017.
Section 3 focused on the energy efficiency education
and guidance: Have the machine operators and truck
drivers of enterprises taken part in energy efficiency
education and training, or have they received energy
efficiency guidance during the last two years (2016 and
2017)? Furthermore, it was asked to depict more ac-
curately what kind of education and guidance the op-
erators and drivers have been given. It was also estab-
lished whether the operators and drivers of enterprises
would need some energy efficiency training and guid-
ance during the next two years (2018 and 2019).

Section 4 focused on the role of energy efficiency,
as well as CO, emissions and exhaust emissions (e.g.
CO, HC, NO,, NH;, PM) in the acquisition decisions
of novel logging machinery and timber-truck fleet in
the enterprises of the survey during the last two years
(2016 and 2017). In addition to the influence of energy
efficiency and emissions on machine and truck invest-
ments, there were 15 factors listed for logging entre-
preneurs and 16 factors for timber-truck entrepreneurs
in the questionnaires. Evaluations were conducted
with a five-step Likert scale (1 =»Not important at all«,
2 =»Of little importance«, 3 =»Moderately importantc,
4 = »Important« and 5 = »Extremely important«). The
average importance figure was calculated for each fac-
tor as an arithmetical mean of evaluations given by the
respondents.

In Section 5 of the questionnaires, the tools and
systems used by the respondents” enterprise to moni-
tor energy efficiency in logging operations and timber-
trucking business at the time of the survey (the end of
2017) were clarified. Furthermore, the key perfor-
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mance indicators (KPIs) in logging and timber-truck-
ing business used during the year of 2017 were de-
tected. Section 6 aimed to determine the most
important factors affecting energy-efficient logging
and timber-trucking business in the enterprise by the
respondent during the last two years. Overall, there
were 36 factors listed for the logging and timber-truck
entrepreneurs in the questionnaires. The same five-
step Likert scale (1 =»Not important at all« ... 5=»Ex-
tremely important«) as in Section 4 of the question-
naires was applied.

Section 7 considered energy efficiency measures in
the enterprise by the respondent. First, it established
what steps have been taken to improve energy effi-
ciency during the last two years (2016 and 2017), and
then what kind of energy efficiency measures the en-
trepreneur is willing to conduct in order to improve
the energy efficiency in his firm in the near future
(2018 and 2019).

In Section 8 of the interview, six statements of en-
ergy efficiency currently and in the future in the firm
were evaluated by the entrepreneur and they were
asked to estimate the extent to which they agreed (1 =
»Strongly disagree«, 2 = »Disagree«, 3 = »Neither dis-
agree nor agreec, 4 = »Agree«, 5 = »Strongly agree«).
The statements were:

= energy efficiency related information is suffi-

ciently available

= machine operators/truck drivers of my firm

work energy efficiently

= by improving energy efficiency, it is possible to

improve my firm’s profitability
= I am keen on developing my firm’s energy effi-
ciency together with Stora Enso Wood Supply
Finland

= the role of energy efficiency will be accelerated
in the business of my firm during the next few
years

= in the future, when I invest in new logging ma-

chinery/timber-truck fleet in my enterprise, the
significance of energy efficiency will increase.

2.2 Survey data

The average age of an entrepreneur was 44.6 years,
varying from 25 to 71 years in 2017. All the respon-
dents were men. Of logging enterprises, 92% were
limited companies, and of timber-trucking enterprises,
76% were limited companies. Eight percent of logging
enterprises and 12% of timber-trucking enterprises
were limited partnership companies. The annual total
wood harvesting volume of the logging enterprises of
the survey was, on average, 297 840 m?® and the varia-
tion ranged between 50 000 and 780 000 m’/year during
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the last two years (2016 and 2017). Correspondingly,
the total timber volume transported by timber-truck-
ing enterprises averaged 368 540 m’/year, ranging
from 50 000 to 960 000 m*/year during the period 2016—
2017.

Logging enterprises had from one to five forestry
customers and timber-trucking enterprises had from
one to four forestry customers. Forty-four percent of
logging enterprises and 40% of timber-trucking enter-
prises had only one forestry customer (i.e. Stora Enso
WSF) in 2017. The number of forestry customers was,
on average, 2.0 with logging enterprises and 2.1 with
timber-trucking enterprises in 2017. There were 2-55
forest machines (i.e. harvesters and forwarders) in log-
ging enterprises and 1-21 timber trucks in timber-
trucking enterprises in 2017. The average figures of
machine and truck fleets in the survey enterprises
were 19.5 and 8.5, respectively.

Logging entrepreneurs estimated that the average
size of thinning stands was 445 m’ (varying from 275
to 700 m’ by enterprise) and 293 m’ (varying from 150
to 500 m® by enterprise) in clear-cutting sites during the
last two years (2016 and 2017). Moreover, the logging
entrepreneurs interviewed evaluated that the reloca-
tion distance of forest machinery from one harvesting
stand to another averaged 27.2 km, ranging from 10 to
55 km by enterprise during the last two years.

2.3 Data analyses

The variables of the questionnaires were analysed
using percentage distributions and mean values. We
studied the groups of logging and timber-trucking
entrepreneurs using nonparametric analysis of vari-
ance (the Kruskal-Wallis test) and compared these
groups, two at a time, using the Mann-Whitney U-test.
These tests (both based on ordinals) were used be-
cause the variable values (answers) did not show a
normal distribution, and with these tests it was pos-
sible to assess whether two independent samples
(groups) came from the same population. The former
test revealed whether the groups being tested were
significantly different, after which specific significant
differences were identified using the Mann-Whitney
U-test in paired comparisons. The test level of a sig-
nificant 0.05 was applied. The statistical analyses were
conducted with IBM SPSS Statistics 24 software.

3. Results

3.1 Energy efficiency discussions

The answers by the respondents indicated that en-
ergy efficiency or related issues were discussed in log-

A

Own employees

Entrepreneur
colleagues

Officers of Stora
Enso WSF

Own employees

Entrepreneur
colleagues

Officers of Stora
Enso WSF

0 20 40 60 80 100

C—1 No discussions at all Share of enterprises, %
7 Less than monthly

I Monthly

. \Veekly

I Daily

Fig. 1 Frequency distributions of energy efficiency discussions
among different parties (own employees, entrepreneur colleagues,
and wood harvesting and truck transportation officers of Stora Enso
WSF) in logging (A) and timber-trucking (B) enterprises in 2017

ging and timber-trucking enterprises very similarly to
all different parties (i.e. own employees, entrepreneur
colleagues and wood harvesting and truck transporta-
tion officers of Stora Enso WSF) listed in the question-
naires in 2017 (Fig. 1). There were no significant differ-
ences between the discussion frequencies of the parties
(own employees: U=354.0; p=0.391, entrepreneur col-
leagues: U=331.0; p=0.707, and officers of Stora Enso
WSEF: U=392.0; p=0.100) in the logging and timber-
trucking enterprises of the survey.

Furthermore, the answers displayed most fre-
quently both in the logging and timber-trucking en-
terprises of the survey that the energy efficiency was
discussed among own employees — i.e. machine op-
erators and truck drivers —in 2017 (Fig. 1). The entre-
preneurs discussed energy efficiency with each other
less frequently than their operators and drivers. The
entrepreneurs interviewed had least discussed ener-
gy efficiency and related issues with the officers of
Stora Enso WSF in 2017 (Fig. 1). There were statisti-
cally significant differences between the frequency
distributions of the energy efficiency discussions of
three conversation parties in both respondent groups
(logging: x*=12.8; p<0.01 and timber trucking: x*=11.6;
p<0.01).
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3.2 Energy efficiency education

Eighty percent of logging and 96% of timber-truck-
ing entrepreneurs confirmed that they had organized
some energy efficiency education for their machine
operators and truck drivers during the last two years
(2016 and 2017). The most commonly mentioned en-
ergy efficiency education (48% of logging and 80% of
timber-trucking entrepreneurs) was the user training
of machines and trucks provided by forest machine
and timber-truck manufacturers for a productive and
energy-effective use of logging machinery and timber-
truck fleet, and for setting the proper and good adjust-
ments on machines and trucks.

There is a regulation based on a law in Finland that
a timber-truck driver must participate in anticipated
driving training every five years to keep up his/her
driving skill-level (Laki kuorma- ja 2007). This educa-
tional requirement reflected the answers by the re-
spondents: Of timber-trucking entrepreneurs, 72%
said that their truck drivers had taken part in the an-
ticipated driving schools in 2016 and 2017, and no for-
est machine operators of the logging enterprises had
attended anticipated driving training. Twelve percent
of entrepreneurs disclosed that they had themselves
requested that their operators and drivers receive eco-
nomical driving training tailored according to the
needs of their enterprise. In addition, 20% of logging
and 12% of timber-trucking entrepreneurs revealed
that they had organized internal guidance related to

Attitudes of Small and Medium-Sized Enterprises towards Energy Efficiency in Wood ... (107-123)

energy efficiency for their operators and drivers dur-
ing the last two years (2016 and 2017).

84% of logging and 92% of timber-trucking entre-
preneurs underlined that, during the next two years
(2018 and 2019), there is a need for energy efficiency
guidance, training and education in their enterprise.
Logging entrepreneurs desired most commonly ener-
gy efficiency training, especially for energy-efficient
working methods in cutting and forwarding (28%) and
for setting more optimal adjustments of machinery and
its equipment (28%). On the other hand, more than a
half (56%) of timber-trucking entrepreneurs stated that
in the future their drivers must also actively take part
in the obligatory anticipated driving training. More-
over, 16% of trucking entrepreneurs revealed that their
firm and its timber-truck drivers will need additional
training related to more advanced adjustments of ve-
hicles and better designing of driving plans, including
times and routes, during the next two years.

3.3 Role of energy efficiency in investments

All logging entrepreneurs revealed that the reli-
ability of forest machines has been an important or
extremely important criterion (average importance:
4.68) in their acquisition decisions of novel wood har-
vesting machinery for their enterprise during the past
two years (2016 and 2017) (Fig. 2). The next most im-
portant criteria judged by logging entrepreneurs in
their logging machine investments were the coverage

Reliability of machine

Coverage of service network

Suitability of machine for different cutting methods

Ergonomics of machine

Price of spare parts for machine

Price of machine services

Number of wheels in machine

Suitability of machine for soft soils

Acquisition price of machine

Energy efficiency of machine

Machine brand

Wish by machine operator

Engine power of machine

Weight of machine

Recommendation by entrepreneur colleagues

I

Wish by officer of wood procurement company

|

Emissions of machine

I

10

o
L ]
(=)

1 Not important at all
3 Of little importance
I Moderatly important

I |mportant
B Extremely important

T
40 50 60
Share of enterprises, %

-
=)
[e<]
S
o 4
S

90

Fig. 2 The most important criteria used by logging entrepreneurs in their acquisition decisions of new wood harvesting machinery during the

last two years (2016 and 2017)
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of service network of machines (4.68), the suitability
of machines for different cutting methods (4.10), ergo-
nomics of machines (3.88), and the price level of spare
parts for machines (3.64). The energy efficiency (3.48)
was considered the tenth most important criterion for
machine acquisitions (Fig. 2). CO, and exhaust (e.g.
CO, HC, NOy, NH,, PM) emissions (1.92) were the last
criteria for the forest machine investments by logging
entrepreneurs during the last two years.

Timber-trucking entrepreneurs also underlined
that reliability (average importance: 4.76) has been one
of the most significant criterion for their timber-truck
acquisition decisions during the last two years (Fig. 3).
The most important criterion of trucking entrepre-
neurs for their truck investments were the number of
axlesin a truck (4.80). The following significant factors
were the maximum total weight limit (i.e. 76 tonnes)
set for timber trucks (4.76), the energy efficiency of
trucks (4.24), and the coverage of service network of
trucks (4.24). Similarly, emissions (2.92) have been one
of the least significant factors for truck investments in
the lists of timber-trucking entrepreneurs (Fig. 3).

When comparing the priority lists by the inter-
viewed entrepreneurs (Fig. 2 and 3), it can be noted
that the trucking entrepreneurs emphasized more the
significance of energy efficiency in their fleet invest-
ments than their logging colleagues (U=461.5; p<0.001).
Furthermore, the role of emissions (U=459.5; p<0.01)
and engine power of vehicles (U=511.0; p<0.001) was
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also higher in the criterion hierarchy of timber-truck-
ing entrepreneurs when they invested in the novel
vehicle fleet in 2016 and 2017. In contrast, logging en-
trepreneurs stated more than trucking entrepreneurs
the coverage of service network in their acquisition
decisions of new machine fleet during the last two
years (U=206.0; p<0.05) (Fig. 2 and 3).

3.4 Monitoring energy efficiency and business

Mostly, the entrepreneurs interviewed (76% of log-
ging and 80% of trucking entrepreneurs) confirmed
that they have some form of fleet management system
for monitoring the energy efficiency in their firm. The
most commonly used systems in logging enterprises
were the fleet management systems provided by the
big forest machine manufacturers: John Deere Timber-
Office 5, JDLink, Ponsse OptiOffice 2, Ponsse Fleet
Management and Komatsu MaxiFleet. In addition,
Savotat software produced by Tietohippu Ltd was
used to track the energy efficiency in enterprises. On
the other hand, timber-trucking entrepreneurs applied
the fleet systems from big timber-truck manufacturers:
Volvo Dynafleet, Scania Fleet Management and Mer-
cedes-Benz FleetBoard. Some Kiho Fleet Telematics
systems (by Mastercom Ltd) were also used for moni-
toring the energy efficiency in timber-trucking firms
at the end of 2017.

The results illustrated that both logging and tim-
ber-trucking entrepreneurs had several key perfor-

Number of axles in truck | 1N

Reliabilty ofruck |

Maximam oal weight ofruck NS

Energy eficiency of truck |

Coverage of service network |

Engine power of truck

Price of truck services

Acquisition price of truck

Wheelbase of truck

Price of spare parts for truck

Automation systems in truck

Ergonomics of truck

Truck brand

Suitability of truck for multiple driving

Wish by truck driver

Emissions of truck

Recommendation by entrepreneur colleagues

Wish by officer of wood procurement company
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Fig. 3 The most important criteria used by timber-trucking entrepreneurs in their acquisition decisions of new timber-truck fleets during the

last two years (2016 and 2017)
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Table 1 Key performance indicators (KPIs) used by logging enter-

prises to manage their business in 2017

Monitoring frequency

Indicator Hour Day Week | Month | Year

Share of enterprises, %

m® 20 12 28 52 64
m'/ha - 4 4 12 8
m?/stand - 4 20 12 -
5 )

e | | | w ||
m*/machine 4 12 20 24 16
m°/cutting method 4 4 8 40 20
Utilization rate (%) of fleet - 4 8 24 16

Table 2 Key performance indicators (KPIs) used by timber-trucking
enterprises to manage their business in 2017

Monitoring frequency
Indicator Hour Day Week | Month | Year
Share of enterprises, %
m® - 4 8 12 60
m®/truck driver ~ . ~ ~ ~
(i.e. work shift)
m?/truck - 12 8 8 4
tonne - 16 12 8 4
tonne/truck driver
fi.e. work shift) - 10 ° ) B
tonne/truck - 16 20 12 -
payload - 24 24 12 -
v N N
payload/truck - 28 12 4 4
Utilization rate (%) of fleet - - 8 4 16

mance indicators (KPIs) for managing and controlling
their business in 2017 (Table 1 and 2). Logging entre-
preneurs favoured the cubic meter-based KPIs. The
controlling frequency was typically month, year and
week. The most commonly used KPIs in logging en-
terprises were total harvested timber m’ per year, per
month and per week, as well as total m®/ cutting meth-
od/month (Table 1).
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Timber-trucking entrepreneurs also controlled
their business with cubic meter-based KPIs (Table 2).
Moreover, the payload-based KPIs were quite com-
monly used in trucking firms during 2017. When com-
paring the controlling frequencies between the log-
ging and trucking enterprises, many timber-trucking
entrepreneurs monitored their business daily and
weekly (Table 1 and 2). The long-term (year and
month) follow-up periods also were applied for mon-
itoring the timber-trucking business (Table 2). The
most commonly used KPIs in timber-trucking firms
were total transported timber m®/year, payloads/driv-
er/day and payloads/truck/day in 2017.

3.5 Factors affecting energy efficiency

Logging entrepreneurs pointed out that the most
important factors affecting the energy-efficient log-
ging business were the professional skills of the forest
machine operator (average importance: 4.76) during
the last two years (2016 and 2017) (Fig. 4). Logging
entrepreneurs also underlined the role of attitudes and
motivation of a machine operator (4.60) to the energy-
efficient logging business. The significant factors im-
pacting energy-efficient logging in the entrepreneurs’
list were, furthermore, the stand size of harvesting site
(4.68), sufficient size of available standing stock (4.68),
hindering undergrowth in the stand (4.56), forwarding
distance from a stump to roadside landing area (4.48),
the number of timber assortments (4.46), technical con-
dition of machinery and its equipment (4.44), carrying
capacity of terrain (4.36), and machine relocations be-
tween harvesting sites (4.33). The fuel efficiency
(dm® of heating oil/m’ of timber harvested) of forest
machinery (4.28) was the eleventh important factor in
the list of logging entrepreneurs (Fig. 4).

The timber-trucking entrepreneurs interviewed
listed fuel efficiency (dm” of diesel fuel/tonne of timber
transported) of their truck fleet (average importance:
4.76) as the most important factor influencing their
business during the last two years (Fig. 5). Trucking
entrepreneurs also highlighted significantly the im-
portance of professional skills, as well as attitudes and
motivation of truck driver (4.60) for the energy-effec-
tive timber-trucking business. Furthermore, trucking
entrepreneurs stressed the influence of the following
factors on the energy-efficient timber-trucking busi-
ness: utilization of maximum truck weights (4.76),
designing of driving plans (4.60), transport distance
from a batch to destination (i.e. mill or buffer storage)
(4.56), timber length (4.52), quantity of driving with an
unloaded truck (4.50), and quality of road network
(4.48) and weather conditions (4.48) (Fig. 5).

When analysing the lists of the most important fac-
tors affecting the energy-efficient logging and timber-
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Fig. 4 The most important factors affecting energy-efficient logging business in enterprises according to respondents during the last two

years (2016 and 2017)

trucking business, it is clear that a group of respon-
dents emphasized some factors more than the other.
Logging entrepreneurs stressed more the importance
of timber size (or volume of removal in the stand)
(U=166.0; p<0.01) and the number of timber assort-
ments (U=173.5; p<0.01) for energy-efficient business
than trucking entrepreneurs. Respectively, timber-
trucking entrepreneurs emphasized more the impact
of weather conditions (U=464.5; p<0.001), timber
length (U=408.5; p<0.05), and fuel efficiency of vehicles
(U=434.0; p<0.01) on the energy-effective business than
logging entrepreneurs (Fig. 4 and 5).

3.6 Energy efficiency measures

Respondents revealed that several energy efficien-
cy measures have been conducted in their enterprises
during the last two years (2016 and 2017). The most
commonly implemented energy efficiency measures
in the logging enterprises were: transferring the stand
planning from a wood procurement company to the
logging enterprise (mentioned by 64% of respon-
dents), contracting the new services deals for acquired
harvesters and forwarders (60%), more advanced uti-
lization of fleet management systems (20%), and new
contracting agreements with novel forestry customers

Croat. j. for. eng. 40(2019)1
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Fig. 5 The most important factors affecting energy-efficient timber-trucking business in enterprises according to respondents during the last

two years (2016 and 2017)

(20%). On the other hand, timber-trucking entrepre-
neurs had mainly focused on conducting the follow-
ing energy efficiency measures during the last two
years: transferring transport planning from a wood
procurement company to the trucking enterprise
(44%), contracting new services deals for the truck fleet
acquired (32%), making new contracting agreements
with novel forestry customers (28%), and drawing up
a new transportation coalition with other timber-
trucking entrepreneurs (20%).

Furthermore, respondents listed many energy ef-
ficiency measures, which they are willing to conduct
in order to improve the energy efficiency of their en-

terprise in the near future (2018 and 2019). Logging
entrepreneurs introduced the following energy effi-
ciency measures: seeking new clients for their firm
(60% of respondents), investing new fleet manage-
ment systems (24%), as well as making better use of
current monitoring systems already acquired (24%
In contrast, timber-trucking entrepreneurs listed the
following: increasing multiple customership (64%),
developing transport planning based on transporta-
tion volumes (44%), hiring own transportation plan-
ner for transport planning (24%), and improving col-
laboration with logging entrepreneurs in wood supply
chain (16%).

~

~
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3.7 Future prospects of energy efficiency

The majority of entrepreneurs said that energy ef-
ficiency related information is sufficiently available
(52% of logging and 68% of trucking entrepreneurs
agreed or strongly agreed with the statement) but
there was also a need for further energy efficiency in-
formation, because around one tenth of respondents
disagreed or strongly disagreed with the statement.
The entrepreneurs estimated that their machine op-
erators or truck drivers work mainly energy efficient-
ly (72% of logging and 80% of trucking entrepreneurs
agreed or strongly agreed with the statement). In ad-
dition, the entrepreneurs interviewed felt significantly
that by improving energy efficiency, it is possible to
increase the profitability of their enterprise (84% of
logging and 100% of trucking entrepreneurs agreed or
strongly agreed with the statement). Almost all re-
spondents were keen on developing their firm’s en-
ergy efficiency together with Stora Enso Wood Supply
Finland (92% of logging and 96% of trucking entrepre-
neurs agreed or strongly agreed with the statement).

Moreover, respondents estimated that energy effi-
ciency will improve in their enterprise business in the
next few years (92% of logging and 88% of trucking
entrepreneurs agreed or strongly agreed with the state-
ment). Finally, the entrepreneurs forecasted that in the
future, when they invest in novel logging machinery
or timber-truck fleets for their enterprise, the impor-
tance of energy efficiency will increase in their future
investments (76% of logging and 84% of trucking en-
trepreneurs agreed or strongly agreed with the state-
ment). There were no significant differences between
the entrepreneur groups in the statements asked.

4. Discussion

This study aimed to illustrate the present state of
energy efficiency, as well as the awareness and atti-
tudes towards energy efficiency in logging and tim-
ber-trucking enterprises contracted to Stora Enso WSF.
All firms selected for the survey were SMEs. Reddy
and Shrestha (1998) and Nagesha and Balachandra
(2006) emphasized that lack of awareness of energy
efficiency is one of the biggest barriers to adopting
energy efficiency measures in firms.

Energy efficiency in SMEs is a very topical and sig-
nificant issue. For instance, Kortelainen et al. (2012)
have found that enterprises” attitudes towards energy
is related to the size and location (i.e. country) of the
enterprise, and they revealed that large enterprises
have a more positive attitude towards energy issues
than SMEs. Furthermore, Zhang (2016) pointed out
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that fuel efficiency and energy efficiency have not
typically been extended so much in SMEs compared
to larger companies. Many studies have underlined
the relevance of company characteristics effects on the
barriers and drivers of enterprises’ implementation of
energy efficiency measures (e.g. Schleich 2009, Trianni
and Cagno 2012, Hrovatin et al. 2016, Trianni et al.
2016). Hrovatin et al. (2016) concluded that the energy
efficiency gap is less likely to exist in large firms, im-
plying that energy efficiency measures should primar-
ily target SMEs. Meanwhile, Schleich (2009) disclosed
that energy-intensive firms tend to put a higher prior-
ity on energy efficiency than less energy-intensive
firms, as well as the fact that larger firms tend to adopt
more energy efficiency measures than smaller firms.

For the study, in total 50 entrepreneurs were inter-
viewed in person. The coverage rate (>70%) in the sur-
vey was relatively high, as the total population was 68
SMEs. It can be concluded that the results present very
well the state of energy efficiency among logging and
timber-trucking entrepreneurs at Stora Enso WSE.
However, the results do not necessarily display the
energy efficiency in the other logging and timber-
trucking enterprises in Finland, neither do they do so
for other countries. Therefore, our study was a case
study at Stora Enso in Finland.

The results indicated that timber-trucking enter-
prises highlight more energy efficiency and fuel effi-
ciency than logging enterprises. For instance, timber-
trucking entrepreneurs underscored more energy
efficiency in their acquisition decisions of new vehicles
and the role of fuel efficiency has impacted more the
energy-efficient timber-trucking business during the
last two years (Fig. 3 and 5). The main reason for this
result is the fact that in timber-trucking business, the
weight of energy and its costs are much higher than in
logging business. According to the index of forest ma-
chine and timber-trucking costs (Statistics Finland
2017), the proportion of fuel costs is around 12% in
logging and more than double (30%) in timber-truck-
ing business. Nowadays (October 2018), the price of
Brent crude oil is approximately $75-85/barrel
(Oilprice.com 2018). If the oil price rises higher than
its current level, it can be forecasted that there will be
a bigger stimulation or inducement for both logging
and timber-trucking firms to improve their energy ef-
ficiency (Rohdin and Thollander 2006, Rohdin et al.
2007, Trollander and Ottosson 2008, Thollander et al.
2013, Brunke et al. 2014).

Moreover, the survey results revealed that the log-
ging and trucking enterprises could improve the en-
ergy efficiency in their business by organizing more
energy efficiency training and education for their
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machine operators and truck drivers (Kojima and
Ryan 2010, Trianni et al. 2016). Only a few entrepre-
neurs explained in the interviews that they had ar-
ranged for their operators and drivers the economical
driving training, which had been tailored according to
their needs by the enterprise. In Finland, there is a
regulation that a timber-truck driver must participate
in anticipated driving training every five years to keep
up his/her driving skill-level (Laki kuorma- ja 2007),
but nonetheless there is no similar requirement for for-
est machine operators. In addition, professional qual-
ifications in the education of forest machine operators
do not currently consist of any requirements regarding
the economical and anticipated driving training (EDU-
FI 2012, 2013). Therefore, the economical and antici-
pated driving training could be included in the novel
professional qualifications of forest machine operators
in the future.

The energy efficiency education of machine opera-
tors and truck drivers also plays an essential role be-
cause of the significance of professional skills, attitude
and motivation of a driver and operator for the ener-
gy-efficient logging and trucking business (Fig. 4 and
5). Thollander et al. (2007), Sardianou (2008), Ren
(2009) and Trianni et al. (2013a, 2013b) have estimated
that the lack of experience and skills significantly in-
hibits the improvement of the company’s energy ef-
ficiency. Several forest work studies have been carried
out to analyse the effect of the harvester operator on
his/her performance, and many studies have under-
lined that there is a significant correlation between the
work experience and skills of an operator and his/her
productivity in forest machine work (e.g. Sirén 1998,
Karha et al. 2004, Ovaskainen et al. 2004, Dvorak et al.
2008, Ovaskainen 2009, Purfiirst 2010, Purfiirst and
Erler 2011, Palander et al. 2012a, Malinen et al. 2018).
For instance, Purfiirst and Erler (2011) found out that
the stem size and the operator account together for
84% of the total overall variation in cutting productiv-
ity, and the operator alone accounts for 37% of the
variance. Hence, fuel consumption studies, including
the effect of a machine operator and truck driver on
fuel consumption and energy efficiency, are needed in
the future.

The logging and timber-trucking enterprises of the
study implemented many energy efficiency measures
during the last two years (2016 and 2017). There is,
however, huge potential related to new innovative
energy efficiency measures in enterprises. For in-
stance, Devlin et al. (2008) highlighted the enormous
possibilities by intensifying the planning and optimiz-
ing of transportation routes and further heightening
the energy efficiency in transportation. In this respect,
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new trends of outsourcing are increasing the company
size of service providers (i.e. logging and timber-
trucking enterprises), which provides better options
for backhauling optimization for reducing truck driv-
ing with empty loads (Palander and Vaatainen 2005,
Palander et al. 2012b, Malinen et al. 2014, Palander and
Karha 2018). However, entrepreneurs do not have
enough information and knowledge on how to fully
utilize the measurements with new technology in the
changing digitized working environment of Stora
Enso WSF. A fairly easy and inexpensive means of
improving energy efficiency in logging and timber-
trucking enterprises is to focus on productive and
right adjustments in machines and trucks. For in-
stance, Prinz et al. (2018) reported that in cut-to-length
wood harvesting, the adjustments of engine settings
has a significant impact on fuel consumption and CO,
emissions. The other easy means to save fuel and to
further improve energy efficiency is to avoid and min-
imize the idling of forest machines and timber trucks
in firms.

The entrepreneurs monitor the energy efficiency of
their business with several key performance indicators
(Table 1 and 2). The fleet management systems cur-
rently used in logging and timber-trucking enterpris-
es enable an effective platform to control better the
future business. Nevertheless, the development of
fleet management systems is necessary for taking into
account more flexibility in energy issues in monitoring
the energy efficiency of the firm. For instance, it is cru-
cial that harvesting (e.g. stem size of removal, forest
haulage distance, cutting method) and transportation
(e.g. gradient, curvature, road surface roughness and
functional road class) conditions are considered as in-
dependent variables in reporting energy efficiency.
For instance, Svenson and Fjeld (2012) reported that
the impact of gradient and road surface roughness on
fuel consumption of timber trucks is as high as 77%.
Furthermore, Palander (2016, 2017) revealed that the
environmental emissions of timber transportation
(g/tkm) for fuel consumption (dm’ of diesel/tkm) can-
not only be determined by the technical efficiency of
a vehicle, but are also closely related to vehicle opera-
tors, highway driving versus forest road driving, and
flow conditions on a transport network. Forest ma-
chine and timber-truck manufacturers in cooperation
can develop the fleet management systems, as well as
optimize adjustments in machines and trucks, and
provide training of effective working methods for op-
erators and drivers.

The results illustrated that there is a positive atti-

tude towards energy efficiency among the logging and
timber-trucking entrepreneurs. This creates a solid
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background to deepen and continue energy-effective
work between the enterprises and Stora Enso WSF in
the coming years. Most of the entrepreneurs inter-
viewed believe that there is a positive connection be-
tween the energy efficiency and profitability of the
firm. This entrepreneurs’ statement is in line with the
earlier energy efficiency studies. For example, Rao and
Holt (2005), Green Jr et al. (2012) and Trianni et al.
(2016) have recognized energy efficiency, as well as
green supply chains, as one of the primary means to
increase the competitiveness of the firm, and in par-
ticular, for SMEs.

It must be noted that, to satisfy the requirements of
the Energy Efficiency Act in Finland, the main drivers
for energy efficiency at Stora Enso WSF are long-term
strategy, top management with a real commitment,
and of course cost reduction from lower energy use
(Rohdin and Thollander 2006, Rohdin et al. 2007,
Thollander et al. 2007, 2013, Trollander and Ottosson
2008, Brunke et al. 2014). Promoting energy efficiency
work has been done for three years at Stora Enso WSF,
and the energy efficiency work in logging and timber-
trucking enterprises has been conducted for less than
three years. Therefore, there is a considerable amount
of work with energy efficiency among logging and
timber-trucking enterprises contracted to Stora Enso
WSF to be done in the near future. For instance, en-
ergy efficiency should be further discussed with en-
trepreneurs as part of normal annual development
conversations. Currently, the energy efficiency de-
bates with wood harvesting and truck transportation
officers of Stora Enso WSF are fairly rare (Fig. 1). To
promote such discussions and to satisfy the require-
ments of the Energy Efficiency Act, the energy effi-
ciency measures per harvested cubic meter in logging
and transported tonne of wood in timber trucking will
be developed and used in debates instead of the mea-
sures of per saleable tonne of pulp, paper and board
(Palander et al. 2018).

5. Conclusions

Energy efficiency provides a new option of wood
procurement systems for logging and timber-trucking
entrepreneurs in the Finnish forest industry. So far, it
has not been utilized effectively, which was demon-
strated by the answers to the questions of this study.
In our survey, all firms were SMEs. The influence of
firm size on energy efficiency in wood procurement
must be clarified more deeply in future studies. Dur-
ing the interview, the entrepreneurs’ awareness of
energy efficiency terms was clarified and they under-
stood that by focusing on energy efficiency, it is pos-
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sible to improve firms” profitability. Altogether, the
entrepreneurs’ attitudes towards energy efficiency
was good, but there is a need for knowledge, educa-
tion and advanced technology. Education and knowl-
edge play key roles when it comes to attitudes, motiva-
tion and working methods. In particular, there is a
need for energy efficiency education and advanced
working methods among logging entrepreneurs. In
the timber-trucking business, energy efficiency is most
likely at a better level because they have already begun
education, e.g. in anticipated driving training. In this
respect, manufacturers and institutions but also entre-
preneurs should develop their future cooperation.

The results also revealed that there is a need for
further investigation relating to energy efficiency mea-
surements. Currently, most of the entrepreneurs have
different fleet management systems, which provide
information that can be used for monitoring energy
efficiency, cost efficiency and productivity for their
business purpose. However, it seems that entrepre-
neurs do not have enough information and knowledge
on how to fully utilize the measurements with new
technology in changing the digitized working envi-
ronment of Stora Enso WSEF. Therefore, it is necessary
to develop the automated systems further to improve
the energy efficiency in the entire wood supply system
and to meet the aims of the Energy Efficiency Act in
Finland and the EU Energy Efficiency Directive.
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