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The concepts ,,risk”, ,,crisis”, ,,danger” have become commonly used and recognised in various
fields of entrepreneurship, governance, agriculture and environment protection. Risk manage-
ment and risk evaluation nowadays has not only theoretical, but also practical application. Risk
assessment is an important factor for successful and sustainable entrepreneurship of bioenergy
production, which has become one of the priorities in the energy sector of Latvia — promotion of
the use of renewable energy is included as one of the strategic goals for both European Union
(EU) and Latvia. The present research focuses on risk assessment and choice of risk manage-
ment alternatives in renewable energy production form agriculture biomass, since this type of en-
ergy is viewed as a perspective source for renewable energy production in Latvia. This field of
energy production in Latvia is rather new and scantily explored, and therefore there are many risk
factors that arise in different stages of energy production, starting with planning and building of a
bioreactor and ending with production and further use and distribution of energy. A risk assess-
ment module for renewable energy production made using Analytic Network Process (ANP) soft-

ware is described in the paper.
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INTRODUCTION

Following world tendencies, renewable energy production
in Latvia has received increasing interest. Currently, most
of the electricity from renewable resources is produced
from hydropower plants, while 1% of the electricity in Lat-
via is produced by cogeneration of biomass (Anonims,
2010). Thus, biomass is a perspective source for increasing
renewable energy production in Latvia. The development of
cogeneration plants is largely encouraged by funding from
EU structural funds, the Cohesion fund and the European
Agriculture fund for rural development. As production of
biogas from agriculture biomass is a new field of energy
production in Latvia, there is a lack of practically tested
knowledge and experienced service providers. There are
many crucial issues related to different stages of production
of biogas production and management of processes that re-
quire analysis of risk. In this article we analyse risks that the
producers of biogas are facing, define risk management al-
ternatives and adapt a risk management cycle for this type
of production.

This is a revised and an extended version of an article that is
based on the paper ,,Risk Assessment in Renewable Energy
Production Using ANP’’ previously presented in the Pro-
ceedings of the 11th International Symposium of the Ana-
Iytic Hierarchy Process in Naples, Italy, 2011 (Rivza,
2011).
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THEORIES / METHODS

Even though the activities of an individual have always
been subject to risk, the understanding of risk and its role in
society become an issue of theoretical and practical impor-
tance at the turn of the 20" and 21% centuries, as portrayed
in the ideas of two sociologists — Ulrich Beck (1999) and
Anthony Giddens (2002).

Interest in risk management has expanded, and an increas-
ing number of studies have applied risk evaluation and risk
management methods. Analysis of these studies show that
various authors have different understanding of the defini-
tion and parameters of the term “risk”. However, all con-
cepts of risk contain one and the same precondition: the
consequence of the human activities. In any situation an in-
dividual, an organisation, or the whole society have several
ways of choosing the next move (including doing nothing)
and each of them causes either negative or positive conse-
quences (Renn, 2008). Analysis of the scientific literature
on the notion of risk: (Hardaker and Huirne, 2004; Pettere
un Voronova, 2004; Arhipova, 2005; Suskevica, 2005;
Renn, 2008; Baoding, 2011; Anonymous, n.d.); and on the
principles of definitions of risks, described by the German
sociologist Ortwin Renn (Renn, 2008) — the authors sug-
gest the following definition of “risk’: “Risk is the multipli-
cation of the probability of an event and the significance of
potentially unfavorable consequences.”
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Although researchers of the Latvia University of Agricul-
ture have experience in working with risk determination and
assessment issues in various fields of agriculture, veterinary
medicine, food science, etc. (Rivza, 2004; Anonims, 2005;
Anonims, 2007), the field of renewable energy production
is rather new and insufficiently explored. Therefore, we
need to adopt the experience of other countries, for exam-
ple, USA (Rausser and Papineau, 2008), UK (Anonymous,
2010) and organisations such as the United Nations Envi-
ronment Programme (Anonymous, 2004a). In this study, the
Analytic Network Process (ANP) was used for risk assess-
ment in renewable energy production, as it allows to include
various factors and criteria — tangible and intangible
(Saaty, 2010), which are characteristic of risk assessment.

The ANP is a general theory of relative measurement used
to derive composite priority ratio scales from individual
ratio scales that represent relative measurements of the in-
fluence of elements that interact with respect to control cri-
teria. Through its supermatrix, whose elements are them-
selves matrices of column priorities, the ANP captures the
outcome of dependence and feedback within and between
clusters of elements. The Analytic Hierarchy Process (AHP)
with its dependence assumptions on clusters and elements is
a special case of the ANP. The ANP is a new and an essen-
tial phase in decision making, neglected so far because of
the linear structures used in traditional approaches and their
inability to deal with feedback in order to choose alterna-
tives not simply according to attributes and criteria, but also
according to their consequences, which may be positive or
negative — an essential and so far missing consideration in
decision making (Saaty, 1999). Most commonly, and also in
this paper, expert interviews are used for decision making in
application of ANP and AHP methods.

RESULTS AND DISCUSSION

The present research focuses on risk assessment in produc-
tion of renewable energy from biogas in cogeneration. A lit-
erature review of risk management for renewable energy
production showed that risks can mainly by classified by
the cause of risk. Dominant and specific risk groups can be
observed. Technological, environment, legislative, financial
and investment risks (Anonymous, 2004b; Froggatt and
Lhan, 2010; Ferraris, n.d.; Olivier, n.d.) are frequently de-
scribed in risk management studies of this certain field.
Risk groups, such as social, macro-economical, resource,
short and long-term operative risks and reputation risks
(Anonymous, 2004a; Aragonés-Beltran and Pastor-
Ferrando, 2009; Froggatt and Lhan, 2010), are more spe-
cific and not as common as the previously mentioned risk
groups. Based on this review the risks were divided into
five groups or clusters: personnel, production, property, en-
vironment, and legislative risks. They were evaluated by the
ability to use one of three strategies — risk reduction, risk
transfer, or risk undertaking strategy. The strategies were
also chosen based on the literature review, which showed
that risk management in this field is generally performed by
five general strategies: evasion, reduction, transfer, under-
taking and diversification (Sparrow, 2000; Pettere and
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Voronova, 2003; Anonymous, 2004; §p0gis, 2005; Trigilio,
2006; Olivier, n.d.). However, regarding the specific char-
acteristics of the risk groups and application of the ANP
method, three of five alternatives — risk reduction, risk
transfer, or risk undertaking strategy — were considered as
most suitable.

In the ANP module, each of the five groups includes several
risks (Table 1). The group of personnel risks consisted of
three risks that are connected with the responsibility, quali-
fication and experience of employees and adherence of
work safety on the production site. Production risks form
the biggest group in our risk classification, as they include
six risks that cover the bioenergy production process, start-
ing from the preparation of biomass and its quality to sup-
ply management, processing of biomass in the cogeneration
process and the further use of electricity and heat. Property
risks refer to the security and sustainability of the property
that is used in the production. Environment risks mentioned
in this assessment are closely linked with the process phases
of energy production — storage and transportation of bio-
mass, storage of digestate after the production of energy and
use of the digestate in fertilisation of fields. The last group
is legislative risks; these external risks arise from the ac-
tions of governmental institutions — Ministry of Economy,
municipalities etc.

Table 1
CLASSIFICATION OF ACCESSED RISKS

Risk group (cluster) Risk

1. Personnel 1.1.Responsibility of the personnel
1.2. Qualification and experience

1.3. Work safety

2.1. Quality of biomass

2.2. Stability of the microbiological processes in the
bioreactor

2.3. Regular supply of biomass

2.4. Connection with the state electricity network
2.5. Utilisation possibilities of the produced heat and
their stability

2.6. Accessibility of service for technical equipment

2. Production

3. Property 3.1. The outer security of the bioreactor and other

production facilities
3.2. Credit risk
3.3. Fire security

4. Environment 4.1. Storage of digestate

4.2. Transportation of biomass
4.3. Storage of biomass
4.4. The use of digestate in fertilisation of fields

5. Legislative 5.1. Changes in energy policy

5.2. Changes in the purchase tariffs

Besides the five risk groups or clusters, the current risk as-
sessment module includes three alternatives at the same
level of the risk groups: to reduce risks, to transfer risks,
and to undertake risks. These alternatives illustrate the pos-
sible choices in risk management. The further analysis using
the ANP method was conducted using Superdecisions soft-
ware, to identify the alternative that would be the best
choice for each of the risks and risk groups (as an average
value of all risks in the group). Figure 1 shows the connec-
tions (influences) between risk groups and alternatives. An
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5. Legislative
5.1. Changes in energy policy

3. Property
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the bioreactor and other
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4.1. Storage of digestate

4.2. Transportation of biomass

4.3. Storage of biomass

4.4. The use of digestate in the fertilisation of
fields

arrow from one cluster to another shows that all or some el-
ements in the first cluster influence all or some elements in
the second cluster, but the reflexive loops (internal cycles)
correspond to mutual influence between the elements in one
cluster.

Figure 1 shows that production risks are most influenced by
the other risk groups — personnel risks (regarding responsi-
bility and qualification of workers and impact of these qual-
ities on biomass preparation, regular supply and manage-
ment of the cogeneration processes), legislative risks (in
terms of possibilities to connect to the state electricity net-
work and to utilise the produced heat), environment risks
(as the need to adhere to environment protection regulations
in the production process) and property risk (in terms of
production site fire-safety and outer security, recoup-
ment/credit risk, also affected by purchase tariffs).

All risk groups and alternatives are interdependent — one
of the elements in the cluster influences other elements in
the same cluster, for example the risk ,,changes in the en-
ergy policy’’ in the cluster ,,legislative risks’’ influences the
risk ,,changes in the purchase tariffs’’, as the purchase tar-
iffs are set by the government and therefore influenced by
political decisions.

After the determination of influences, clusters and nodes of
related risks were evaluated. In ANP an intensity of influ-
ence is estimated by experts using pairwise comparison and
the fundamental ratio scale (Saaty, 2001). Pairwise compar-
ison is the most universal method of measurement, as it can
be applied without the use of scales scales and standards, in
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Fig. 1. Graph of influences describing rela-
tions between risk groups.

which is particular important in estimation of intangible at-
tributes. Comparing two objects with respect to a common
attribute (criterion, property), the expert estimates a relative
preference of one object over another, choosing a suitable
estimation from the fundamental scale (Andreichicova and
Radyshevskaya, 2007). In this case the importance or sig-
nificance of one element over another element is measured.

The results of the performed assessment show (Fig. 2) that
the alternative that was rated as the best choice for risk
management was to reduce risks (average value of all risk
groups is 0.21). The transfer of risk shows a high variability
(average: 0.176; min: 0.023; max: 0.522) as the best choice,
indicating that this alternative is highly suggested for cer-
tain risks or risk groups and avoidable or impossible for
other.

Figure 3 allows to identify the suitability of alternatives to
risk groups. Legislative risks, according to the assesment
(0.209), are not highly managable in terms of transfer or re-
duction; these risks can be undertaken and attention can be
paid to changes, for example, perhaps by participation in the
drafting process of new government regulations that include
tariff changes, but there are minor possibilities of affecting
these processes from the energy producer point of view.

Also in the production risks group the alternative of under-
taking risks (2.6) was ranked high meaning that not all
problems in production process can be forecast and reduced,
yet ,.to reduce risks” is the highest ranking alternative
(3.18) in this group, showing the large need of control in the
production procesess. Personnel and Environment risks
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were considered to be low (0.218 and 3.64, respectively),
but property risks were suggested to be transferred (0.522),
for example with insurance, yet some of these risks could be
reduced or undertaken.

In conclusion:

1) The sector of agriculture production is subject to various
risks. Therefore, comprehensive risk determination and
classification are important preconditions to successful and
meaningful risk management.

2) The use of ANP in risk management gives an opportunity
to perform risk assessment by including tangible and intan-
gible factors, and to evaluate various relationships between
risks and alternatives, making it a valuable tool for risk as-
sessment.

3) The current risk assessment in renewable energy produc-
tion showed that most of the risks were considered to be re-
duced (personnel, production and environment risks) or
transferred (property risks in particular), yet there were sev-
eral risks, mainly in the group of legislative risks, that could
be only undertaken i.e. taken into further consideration.
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risk groups.
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RISKA NOVERTEJUMS ATJAUNOJAMAS ENERGIJAS RAZOSANA NO LAUKSAIMNIECIBAS IZCELSMES BIOMASAS
LATVIJA

Jedzieni ,.risks’’, ,krize’’, ,briesmas’’ bieZi un plasi tiek lietoti uznéméjdarbiba, valsts parvalde, lauksaimnieciba un vides aizsardziba.
Risku vadibai un risku novertéSanai musdienas ir ne tikai teorétisks, bet ari praktisks pielietojums. Risku vadiSana ir batisks faktors
veiksmigai un ilgtspgjigai uznéméjdarbibai atjaunojamas energijas razosana, kas ir kluvusi par vienu no Latvijas energétikas sektora
prioritatém, turklat atjaunojamas energijas izmantoSanas veicinaSana ir izvirzita starp stratégiskajiem mérkiem Eiropas Savieniba un
Latvija. Saja raksta atspogulotais pétijums fokusgjas uz risku noveért&jumu un risku vadibas alternativa izvéli atjaunojamas energijas
razo$ana no lauksaimniecibas izcelsmes biomasas, kas tiek uzskatita par perspektivu resursu atjaunojamas energijas razo$anai Latvija. Ta ka
Sis energijas raZoSanas veids Latvija ir saméra jauns un maz pétits, pastav daudzi riska faktori, kas ietekmé energijas razoSanu, sakot ar
reaktora projektéSanu un biivniecibu un beidzot ar raZoSanu un talaku energijas izmantoSanu un sadali. Risku vadibas alternativu modelis
atjaunojamas energijas razo$anai no lauksaimniecibas biomasas ir sagatavots, izmantojot tiklu analizes metodi.
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