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ANOTACIJA

Lidz 2050.gadam Eiropas Savieniba ir noteikts mérkis sasniegt klimatneitralitati, kas nav
iespgjams bez nozaru butiskas parkarto$anas un inovativu tehnologiju ievieSanas nacionala
Iimeni. Lauksaimniecibas sektora siltumnicefekta gazu (SEG) samazinajums ir liels
izaicinajums, bet taja pasa laika iesp&ams ar pardomatiem uz rezultatiem balstitiem SEG
samazino§iem pasakumiem.

Promocijas darba mérkis ir izstradat integrativu 18€mumu pienemsanas metodiku SEG
emisiju samazinasanas pasakumu noveértésanai lauksaimniecibas sektora, tadgjadi virzoties uz
rezultatu balstitu lauksaimniecibas sektoru un klimata neitralitati no klimata parmainu
mazinasanas izvertéSanas viedokla.

Darba mérka sasniegSanai ir izvirzitie uzdevumi ietver analiz€t un atlasit vides un
ekonomiskas darbibas raditajus lauksaimniecibas sektora ekoefektivitates novertgjumam,
izmantojot regresijas analizes metodi, atlasit agrovides raditajus pamatojoties uz teorija balstitu
pieeju, lai izstradatu priekSlikumu model&Sanas ietvaram politikas veidotdjiem un l€émumu
pienémgjiem SEG emisiju samazinasanas novértgjumam lauksaimniecibas sektora, veikt
oglekla bilances analizi saimniecibu limeni biogazes ieguvei no kukuriizas, lai biitu iespgjams
novertét kopgjo ietekmi uz vidi, sarindot bioresursus biogazes razoSanai un graudaugu
izmanto$anai, novértéjot dazadus krit€rijus un izmantojot daudzkrit€riju l€mumu analizes
metodi, prioritizet vesturiskos un pasreiz&jos SEG samazinasanas pasakumus lauksaimniecibas
sektora balstoties uz Delphi pieeju un daudzkritériju l€émumu analizi, izmantojot TOPSIS
metodi, lai novértétu virzibu uz rezultatiem balstitu lauksaimniecibu un veicinatu klimata
mérku sasniegSanu, izstradat un piedavat integrativu lémumu pienemsanas analizes metodiku
klimata parmainu mazinaSanas pasakumu izveért€Sanai un virzibai uz rezultatiem balstitu
lauksaimniecibas sektoru un klimata mérku sasniegSanu.

Darba izskatitas vairakas jaunas pieejas, kuras ieprieks politikas planosana nav izmantotas,
uz rezultatiem balstitas lauksaimniecibas veicinaSana, lai tadejadi sniegtu ieguldijumu virziba
uz klimata mérku sasniegSanu.

Promocijas darbs ir veidots ka publikaciju kopa, kas sastav no sesam tematiski vienotam
zinatniskajam publikacijam, kas tapusas doktorantliras laika un ietver galvenas SEG emisiju
problémas lauksaimniecibas sektora. Tas ir publicétas energétikas un lauksaimniecibas témam
veltitos Zurnalos un indeksétas starptautiskajas datubazés SCOPUS un Web of Science.
P&tijuma rezultati var tikt izmantoti valsts, vietgja un nozaru limena organizacijam un iestadém,
ieinteres€tajam personam un zinatniekiem.

Promocijas darbs sastav no ievada un ¢etram dalam. Ievada dala ieklauta t€mas aktualitate,
hipotéze, merki, darba uzdevumi, darba struktira un informacija par darba aprobaciju.
Promocijas darba pamatdala sniegts ieskats izmantotaja literatara, ieklauts apraksts par
metodeém, kas izmantotas pétfjuma uzdevumu risinaSana, ka ar7 ieklauts iegiito rezultatu
apraksts. Darba nosléguma akcentéti galvenie secinajumi par promocijas darba rezultatiem un
apspriesti talakie soli konkr&tas jomas pé&tnieciba.



ANNOTATION

By 2050, the European Union has set the goal of achieving climate neutrality, which is not
possible without significant restructuring of industries and the introduction of innovative
technologies at the national level.

In the agriculture sector, GHG reduction is a major challenge, but at the same time possible
with smart, result - based GHG reduction measures.

The main aim of the Thesis is to develop an integrative decision-making methodology for
GHG emission reduction measures evaluation in the agriculture sector, thus moving towards
the result-based agriculture sector and climate neutrality from the perspective of evaluation of
climate change mitigation.

In order to reach the aims of the Thesis, the following tasks have been set to achieve the
goals of the work, to analyze and select environmental and economic performance indicators
for the assessment of the eco-efficiency of the agriculture sector using the regression analysis
method, select agri-environmental indicators based on a theory-based approach to develop
proposals for a modelling framework for policymakers and decision-makers to assess GHG
emission reductions in the agriculture sector, carry out a farm-level analysis of the carbon
balance for biogas production from maize to assess the overall impact on the environment,
ranking bioresources for biogas production and cereal use, evaluating various criteria and using
a multi-criteria decision analysis method, prioritize historical and current GHG reduction
measures in the agriculture sector based on the Delphi approach, multi-criteria decisions
analysis using the TOPSIS method to assess progress towards result-based agriculture and
contribute to achievement of climate goals, to develop and propose an integrated decision-
making analysis methodology for evaluating climate change mitigation measures and to move
towards result-based agriculture sectors and climate goals.

The research presents several novel approaches, previously not been used for policy
planning to identify the GHG reduction measures in agriculture sector to contribute the
achievement of climate goals. The Thesis is designed as a set of publications consisting of six
thematically unified scientific publications created during the doctoral program and includes
the main GHG emission problems in the agriculture sector. They are published in journals on
energy and agriculture and indexed in the international database SCOPUS and Web of Science
database.

The results of the research can be used for national, local and sectoral level organisations
and governmental authorities, stakeholders and scientists.

The Thesis consists of an introduction and four parts. The introductory part includes the
topicality of the subject, hypothesis, goals, tasks, structure of the work and information about
the approbation of the work. The main part of the dissertation provides an insight into the
literature used, a description of the methods used to solve the research tasks, as well as a
description of the results obtained. At the end of the work, the main conclusions about the
research results are emphasized and further steps in research in a specific field are provided.
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LIST OF ACRONYMS AND ABBREVIATIONS

EU European Union

EC European Commission

IPCC Intergovernmental Panel on Climate Change
GHG Greenhouse gas

GWP Global warming potential

GDP Gross domestic product

IPCC Intergovernmental Panel on Climate Change
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MCDA Multi criteria decision analysis

CO2 Carbon dioxide

N20 Nitrous oxide

CH4 Methane

TOPSIS The Technique for Order of Preference by
Similarity to Ideal Solution

CSA climate smart agriculture
NECP National Energy and Climate Plan
ETS Emissions Trading System

FAOSTAT Statistics database of Food and Agriculture Organization of the United
UNFCCC  United Nations Framework Convention on Climate change *

CSB Central Statistical Bureau

ETS European Union Emissions Trading System
IPPU Industrial processes and product use
LULUCF  Land use, land use change and forestry
WEM With existing measures

WAM With additional measures

CAP Common agricultural policy

NDC Nationally Determined Contribution

MMS Manure management systems

LCC Life Cost Cycle

DEA Data envelopment analysis

EIOA Environmental Input-Output Analysis

PA Process Analysis

MACC Marginal abatement cost curve

LEGMC Latvian Environment, Geology and Meteorology Centre
CSB Central statistical bureau

MRV Monitoring, reporting and verification
Ccop Conference of the Parties



INTRODUCTION

An analysis of the current climatic conditions as well as the future climate change scenarios
demonstrate that the global climate warming trends will continue throughout this century.
Undeniably the societies, industries, and the countries will be faced with this great challenge in
the future.

In the territory of Latvia, the most significant climate changes in the longer term will be
related to extreme values of climatic parameters and more frequent unusual and extreme
weather conditions.

According to the United Nations Framework Convention on Climate Change (UNFCCC)
and its Paris Agreement, to limit the global warming between 1.5 °C and 2 °C, global net carbon
dioxide (CO») emissions must be decreased to zero in 2050.

Latvia as a Party of the Paris Agreement is among those European Union (EU) Member
States committed to achieve climate or carbon neutrality by 2050. The EU is setting a new
target to reduce net emissions by at least 55 % by 2030 compared to 1990, and discussions on
the new targets for Member States are ongoing. To achieve these short and long-term goals, all
the involved sectors of energy, transport, industrial processes and product use (IPPU),
agriculture, land use, land use change and forestry (LULUCF) and waste management must
contribute to greenhouse gas (GHG) emission decrease despite that for agriculture sector it
seems a more challenging task than for other sectors.

Question arises how to move towards this long-term goal and the reductions in global GHG
emissions, that are needed to achieve the long-term temperature goal of the Paris Agreement,
holding the increase in the global average temperature to well below 2 °C above pre-industrial
levels and pursuing efforts to limit the temperature increase to 1.5 °C, and what is the
agriculture’s contribution to climate change and role in mitigation?

The agriculture is a significant contributor to anthropogenic global warming and reducing
agricultural emissions in this sector has a complex combination of objectives to be considered
together with the climate goals, such as the food security and biodiversity. The agriculture
sector keeps essential role in the Latvia’s economy and plays a significant role in keeping rural
areas as a habitable environment.

In 2019, the EU agriculture sector accounted for 11 % of total GHG emissions, while in
Latvia it accounted for about 20 % of total GHG emissions, excluding LULUCF. Agriculture
sector is second biggest contributor of total non-EU Emissions Trading System (non-EU ETS)
sector’s GHG emissions in Latvia (25.5 %). The largest part of emissions is related to
agricultural soils (51.1 %) and enteric fermentation 38.6 % (mainly dairy and beef cattle). The
GHG emission trend in recent years in the agriculture sector displays a gradual and steady
increase of the GHG emissions, for example, between 2005 and 2019 it shows +22.8 % increase
[1].

According to the Latvia’s National Energy and Climate Plan 2021-2030 (NECP), total
GHG emissions in the agriculture sector are expected to increase for the period of 2020 to 2030,
mainly in the enteric fermentation and agricultural soil categories [2]. For the agriculture sector,
an improved food security and the climate smart activities (CSA) will be necessary to move



towards result-based agriculture and climate goals. Result-based concept as crucial is
emphasized by the EU Sustainable Carbon Cycles communication of December 2021 that
encourages move from action to result-based approach. Therefore, the Thesis outlines a
discussion of result-based agriculture in Latvia from the perspective of achieving climate goals.

In addition, there is no system in place to evaluate these activities and the mitigation
measures as well as no methodological, systematic approach, thus policy planning process is
mostly based on qualitative rather than quantitative estimates. Therefore, it is recommended to
develop the overall scheme of the proposed integrative decision-making methodology for
practical implementation.

The results of this research will be useful for national, local, and sectoral level of
governmental authorities, as well as the stakeholders and scientists, also helping to enhance the
potential to be utilized for broader societal benefit.



Relevance of the Topic

Agriculture sector (farmers, agri-food businesses, and rural communities) play a significant
role in several areas of the Europe's Green Deal that was approved in 2020 as a set of
overarching EU policy initiatives, including:

e contribution to Green Climate Action to achieve the European Union's climate neutrality

target by 2050;

e to create a sustainable food system within the framework of the "Farm to Fork" strategy;

e to enhance plant and animal diversity in the rural ecosystem;

e to support the renewed EU Forest Strategy by maintaining healthy forests and to

promote protecting natural resources such as water, air and soil.

According to ambitions of the European Green Deal, it is planned to increase the
contribution of EU agriculture sector to address the climate change. To move towards climate
neutrality, the EC has adopted a package of proposals “Fit for 55” aimed at making the EU
climate, energy, transport, agriculture, and taxation policies ready to reduce GHG emissions by
at least 55 % by 2030 compared to 1990 levels. Currently there are discussions on the proposed
climate targets at the Member State level. For Latvia, instead of the approved —6 % for non-
ETS sector (including agriculture) the —17 % in GHG emission reduction in 2030 compared to
2005 is planned [3]. However, agriculture is a significant source of GHG emissions in Latvia,
accounting for approximately 20 % of total of its GHG emissions.

Moreover, it is planned to link the agriculture and LULUCF sectors after 2031 as a part of
the “Fit for 55” package, moving the EU towards climate neutrality. In addition, one of the main
policy instruments should be future Common Agricultural Policy (CAP) Strategic Plans thus
introducing a more flexible performance and result-based approach that considers local
circumstances and needs, while increasing sustainability ambitions at the EU level. Recently
published EU Sustainable Carbon Cycles communication of December 2021 encourages
massive move of EU’s agriculture from the historically widely used action-based approach
towards a result-based oriented business model [4]. The Thesis is an attempt to outline the
result-based agriculture discussion in Latvia.

The relevance of this research lays not only in the description of the importance of GHG
reduction measures, analysis of the carbon balance at farm level, ranking of bioresources for
biogas production, ways of moving towards climate neutrality; it also contributes to the
development of an integrative decision-making methodology for GHG emission reduction
measures in agriculture, thus moving towards result-based sector and climate goals.
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The Aim of the Investigation

The main aim of the Thesis is to develop an integrative decision-making methodology for
the evaluation of GHG emission reduction measures in the agriculture sector, thus moving
towards the result-based agriculture sector and climate neutrality.

To achieve the aim of the research, the following tasks were carried out:

e to analyse and select environmental and economic performance indicators for the
assessment of the eco-efficiency of the agriculture sector using the regression analysis
method;

e to select agri-environmental indicators based on a theory-based approach to develop
proposal for a modelling framework for policymakers and decision-makers to assess
GHG emission reductions in the agriculture sector;

e to carry out a farm-level analysis of the carbon balance for biogas production from
maize to assess the overall impact on the environment;

e to rank bioresources for biogas production and cereal use by, evaluating various criteria
and using a multi-criteria decision analysis method;

e to prioritize historical and current GHG reduction measures in the agriculture sector
based on the Delphi approach, multi-criteria decisions analysis using the TOPSIS
method to assess progress towards result-based agriculture and contribute to climate
goals;

e to develop and propose an integrated decision-making analysis methodology for
evaluating climate change mitigation measures to move towards result-based agriculture
sectors and climate goals.

Novelty of the Research

The novelty of the research is the cross-cutting analysis for moving towards climate
neutrality and result-based agriculture sector implementation on four different, but interrelated
levels: (I) farm, (II) sub-sectoral, (III) state, and (IV) international, including a comprehensive
empbhasis on the agriculture sector.

In order to develop an integrative decision-making methodology for the GHG reduction
measures in agriculture sector, a different distribution of research methods, both quantitative
and qualitative, were used.

The novelty of the research also is the use of several academic methodologies to determine
the direction towards a result-based agriculture sector and climate neutrality. To date, Latvia
has not developed such an integrative methodology for the evaluation/selection of result-based
GHG reduction measures for the agriculture sector.

Eco-efficiency of agriculture sector was assessed at the sub-sectoral and state level via
regression analysis using various sectoral indicators, and the GHG emission reduction tool with
a set of indicators for the assessment of GHG emission mitigation measurements in agriculture
sector was proposed.
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Carbon balance analysis of substrate was used for biogas production analysis at a farm
level, ranking of bioresources for biogas production in technology and sectoral level using Multi
Criteria Decision Analysis (MCDA) as well as an analysis of historical and current GHG
reduction measures were done in order to simultaneously move towards result-based agriculture
and contribute to climate neutrality.

Using the Delphi approach and the MCDA TOPSIS method, a decision-making analysis
method is proposed to be used to assess climate change mitigation measures towards a result-
based agriculture sector and climate neutrality.

Finally, the author's lifetime work is related to Latvia's historical and projected GHG
calculations, including in the agriculture sector. To author’s knowledge, this is the for first time
that an integrative decision-making methodology for the result-based agriculture and climate
neutrality has been researched utilizing the author's long-term experience gathered during her
work on developing a methodology for future practical implementation.

Hypothesis

The transition towards a result-based agriculture sector and climate neutrality can be
effectively supported if an integrative methodology that includes sectoral indicators, a carbon
balance analysis, and a decision-making analysis tool for GHG emissions mitigation measures
is introduced and implemented.

Theses to be Defended

1. The agriculture sector's GHG emissions are increasing despite the planned climate
change mitigation measures, and these emissions play a vital role in Latvia's progress
towards climate neutrality.

2. The existing system in the selection of GHG reduction measures for the agriculture
sector could significantly contribute to the achievement of climate goals.

3. A result-based approach in the agriculture sector from a climate perspective is an
essential part of eco-efficiency assessment.

4. A systematic approach that includes expert analysis of GHG mitigation measures and
the implementation of an integrative methodology in policy making would contribute
to the progress of the result-based agriculture sector from the perspective of the climate
change mitigation evaluation.

Practical Significance

The Thesis has a high practical significance in the national and European context. Findings
and conclusions of this research are useful in the process of improving Latvia's agricultural
policy towards result-based agriculture and climate neutrality. The research results also provide
a novel an integrative decision-making methodology, which can provide a significant
contribution a) for several agriculture sector stakeholders at sectoral, national, and international
level; b) at a farm level, in rural advisory and training centres and in public policy planning to
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assess the eco-efficiency, that can be used for demonstration of sustainable and climate friendly
farming; c¢) for decision-makers to evaluate climate change mitigation measures towards a
result-based agriculture sector and climate neutrality; and d) for scientists and researchers in
agricultural field that work on this research related topics.

The use of such a quantitative methodological approach can be used to assess and set both
farm and national policy goals with a view to reducing GHG emissions from the agriculture
sector.

Structure of the Research

The Thesis is based on six interrelated scientific publications with the comprehensive focus
on the transition towards result-based agriculture and climate neutrality. Agriculture sector is
wide and multifaceted, it's transition towards result based approach is analysed from the
perspective of evaluation of climate change mitigation. Based on the scientific literature review
and review of national climate policy decision-making system, identification of currently weak
points was done and different methods were chosen for the analysis within the Thesis with the
aim to develop integrated decision-making methodology in transition to climate neutrality. The
Thesis discusses climate change related problems of the sector, which are most essential in
transition towards achieving climate neutrality. The selected scope of methods and problematic
aspects cover different levels of the sector — farm, sub-sectorial, state and international,
allowing development of integrative decision-making methodology for GHG emissions
reduction evaluation of agriculture sector.

The research (I) crosses several layers of the agriculture sector and the relevant levels of the
analysis; (II) develops interconnected research methods; and (III) delivers multiple GHG
emission reduction, GHG mitigation measure, and carbon balance models of both scientific and
practical relevance.

The graphic representation of the reserch structure is shown in Fig. 1. The investigation
starts with a literature review, setting out the discussion regarding the result-based agriculture
and climate targets, and outlining the experience gained so far for meeting the determined
targets, as well as looking for implementation steps regarding GHG emissions reduction
measures for agriculture sector in near future.

As mentioned above, the Thesis comprises six interrelated scientific publications outlining
the main GHG reduction problems in the agriculture sector (Table 1).

13



Fig.1. Research structure

Thesis Structure and the Role of Publications

Table 1

Method Publication Publication title Stage of transition Consumer level
number
Regression 1 Evaluation of Empirical model for State
analysis agriculture evaluating the eco - Sectoral
ecoefficiency in efficiency of the
Latvia agriculture sector
Theory-based 2 Sectoral greenhouse GHG emission reduction State
evaluation gas emission model International
mitigation
possibilities. Why
broad spectrum of
indicators is applied
Carbon 3 Carbon balance of Carbon balance for Farm level
balance biogas production individual farm level
analysis from maize in Latvian
conditions
MCDA 4 Ranking of Bioresources ranking at Farm level
TOPSIS bioresources for technology level State
method biogas production Sub sectoral
Delphi + 5 Valorization Ranking of climate policy State
MCDA methodology for and GHG emission Sub sectoral
TOPSIS agriculture sector reduction measures at
method climate change national and international
mitigation measures level.

Comparative 6 Towards climate Proposition of the Sate
analysis neutrality via decision-making analysis Sub sectoral
/MCDA sustainable tool International
TOPSIS agriculture in soil
method management
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With the application of such research methods as (I) regression analysis (II) theory-based
analysis, (III) carbon balance analysis, (IV) multi criteria decision analysis TOPSIS, (V)
combination of the Delphi approach/MCDA TOPSIS method, and (VI) combination of the
comparative analysissMCDA TOPSIS method, the dissertation evaluates various aspects,
levels, and interrelationship of the result-based agriculture sector with the aim to reveal the
factors that allow the transition to climate neutrality.

In the last chapter, the results are discussed, displaying a theoretical roadmap for the
implementation of GHG emission reduction measures in agriculture sector and related benefits
that this process may bring.

Scientific questions related to publications are displayed in Table 2.

Table 2

Scientific questions related to the publications

Scientific Evaluation Sectoral Carbon Ranking of | Valorization Towards
questions of greenhouse | balance of | Bioresources | Methodology climate
agriculture gas biogas for Biogas for neutrality
ecoefficiency emission production | Production Agriculture via

in Latvia mitigation from Sector sustainable
possibilities. | maize in Climate agriculture
Why broad Latvian Change in soil
spectrum of | conditions Mitigation | management
indicators is Measures

applied

assessment of
the eco-
efficiency of
the agriculture
sector, taking
into account X
national
indicators,
using
regression
analysis
selection agri-
environmental
indicators
based on a
theory-based X X X X
approach to
develop and
recommend a
modelling
framework for
decision-
makers to
assess GHG
emission
reductions in
the agriculture
sector

to carry out
carbon balance X
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Scientific
questions

Evaluation
of
agriculture
ecoefficiency
in Latvia

Sectoral
greenhouse
gas
emission
mitigation
possibilities.
Why broad
spectrum of
indicators is
applied

Carbon
balance of
biogas
production
Sfrom
maize in
Latvian
conditions

Ranking of
Bioresources
for Biogas
Production

Valorization
Methodology
for
Agriculture
Sector
Climate
Change
Mitigation
Measures

Towards
climate
neutrality
via
sustainable
agriculture
in soil
management

analysis in
farm level

to rank
bioresources
for biogas
production and
cereal use in
technology
and sectoral
level using
multi criteria
analysis

to prioritize
historical and
current GHG
reduction
measures to
simultaneously
move towards
result-based
agriculture and
contribute to
climate
neutrality

to develop and
propose a
decision-
making
analysis tool to
be used for
evaluation of
climate change
mitigation
measures for
moving
towards result-
based
agriculture
sector and
climate
neutrality
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Scientific Approbation

The results of the research have been published in scientific journals that are indexed in

Scopus and Web of Science databases and have been presented at international scientific
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1. LITERATURE REVIEW

1.1. Agriculture sector in the context of climate goals

One of the greatest global challenges of our time for human health, security, economy and
nature is climate changes. According to IPCC studies, anthropogenic global warming has
already reached 1°C above pre-industrial levels and continues to rise by around 0.2 °C over the
last decade [5]. To limit the global temperature rise, the comprehensive action of all countries
around the world is needed to reduce the GHG emissions.

On December 2015, an important long-term instrument, the Paris Agreement, was adopted
by the Conference of the Parties (COP) to the UNFCCC, which aims to strengthen global action
to tackle climate change and keep global warming well below 2 °C above pre-industrial levels,
and to seek to limit temperature rises to 1.5 °C, in order to significantly reduce the risks and
impacts of climate change [6].

For the EU, the common EU GHG emission reduction targets have been setin 2015. Latvia's
obligations in the context of the Paris Agreement were to implement the commitments made by
the EU Nationally Determined Contribution (NDC), that provided a joint commitment of EU
Member States to reduce GHG emissions by at least 40 % by 2030, compared to 1990 [7].

In December 2019, the EC proposed a new, extensive policy shift by issuing a
Communication and Roadmap on a European Green Deal, setting out comprehensive policy
initiatives [8] at the European level, aiming at making the EU climate neutral by 2050. Policy
initiatives most related to agriculture sector in the context of climate goals are the Farm to Fork
Strategy [9], the European Climate Law [10], and the Circular Economy Action Plan [11].
Exclusively sectorial specific policy document for agriculture is the Farm to Fork Strategy that
determines matters of sustainability of food as well the support granted to farmers. This Strategy
includes the following main targets: agriculture of EU be organic 25 % by 2030, decrease the
utilization of pesticides by 50 % until 2030, reduce use of fertilizers by 20 % by 2030, decrease
loss of nutrients in soil at least 50 %, decrease antimicrobials use in agriculture and in
aquaculture by 2030 by 50 %, create food labelling sustainable, reduce wastes of food by 50 %
by 2030 [9]. All of the mentioned initiatives stimulate EU's movement to climate smart
agriculture (CSA) and contribute to achievement of the sustainable development goals [9].

On June 2018, the EU agreed to further integrate climate change action into the Common
Agricultural Policy (CAP) by including renewable energy production and improving energy
efficiency. Significant financial stimulus and signal for agriculture sector in the climate change
context is new CAP requirement to ensure contribution of 40% of the overall financial envelope
to climate objectives [12],[13].

Reviewed EU's climate aims were reflected also in December 2020, when the EU submitted
its renewed EU NDC to the Secretariat of the UNFCCC on behalf of its Member States, aiming
more ambitious EU GHG reduction target of at least =55 % by 2030, compared to 1990 [14].

The EU targets are divided into two parts: sectors covered by the EU Emissions Trading
Scheme (EU ETS) and sectors not covered by the EU ETS with the sector of agriculture being
among them.
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Regarding the fulfilment of the non-ETS target, Latvia needs to ensure a 6 % reduction in
GHG emissions in the period from 2021 to 2030, compared to the amount of GHG emissions
from Latvia's non-ETS activities in 2005 [15].

Following the increasingly growing EU's ambitious climate targets trend, on 14 July 2021
the EC presented a comprehensive “Fit for 55" package [16],[17] of the revised legislative
proposals for overall transformation of the EU economy. It was designed to make the European
Green Deal a success by 2030, achieving the new, enhanced EU target of at least 55 % net
reduction in GHG emissions (compared to 1990) by 2050 achieving climate neutrality.

As part of the amendments of the package for Latvia is proposed to set a target to reduce its
non-ETS GHG emissions in 2030 by 17 %, compared to 2005. Indeed, this goal is remarkably
challenging as biogenic and thus complicate to reduce GHG emissions of the agriculture sector
contributed approximately 26 % of total non-ETS emissions in 2019. However, there are still
ongoing discussions on this new proposal and current numbers still may be subject to changes.

At the same time, the EU level initiatives and decisions are consecutively reflected and
adapted into national level policy documents according to order Latvia is following as EU
member state. At national level, to reach progress on climate neutrality and climate resilience
targets including by means of agriculture sector, several important state level planning
documents have been adopted or are in the process of development, as displayed in Figure 1.1.
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uatil 2030
National Development
Plan of Latvia for 2021-
2027
e T
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Latvian National Plan for

Adaptation to Climate
Change until 2030
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Fig.1.1. Climate policy framework related to agriculture sector in Latvia for 2020 — 2050
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Considering climatic vulnerability of the agriculture sector, climate change adaptation is
crucially significant component of climate smart and sustainable development pattern to be
reached within the sector. In July 2019, the Cabinet of Ministers approved Latvia's Adaptation
plan to climate change for the period until 2030 [18], to better adapt to the ongoing climate
change and thus reduce the losses caused by climate change. Five strategic objectives have been
set for its implementation, including more than 80 specific medium-term measures. The
adaptation activities are based on research on risk and vulnerability assessment and
identification of adaptation measures in six areas: landscape and tourism, biodiversity and
ecosystem services, civil protection and disaster management, construction and infrastructure
planning, health and welfare, agriculture and forestry sectors.

According to the Plan [18] the main risks identified in agriculture are freezing of crops and
plantations, crop and animal diseases and pests, crop and crop loss due to rainfall at harvest,
faster soil drying and prolonged heat waves. However, it should be noted that the risks are
mainly economic. The social impact arises indirectly from the economic risks: as the yield of
certain crops decreases, the well-being of farm owners decreases, as does the farm's ability to
employ workers, thus leaving a socio-economic impact on the region where the farm is located.
Taking into account risks mentioned, adaptation to climate change in agriculture sector goes
hand in hand with GHG emission reduction practices. Accordingly, in January 2020, the
Cabinet of Ministers approved Strategy of Latvia for the Achievement of Climate Neutrality
until 2050 (Strategy of Climate Neutrality for 2050) [19], that is a long-term vision document
to ensure the inclusion of basic principles of low-carbon development in all national sectoral
planning documents. The Strategy offers ambitious GHG reductions in line with the scientific
findings of the IPCC and the objectives of the Paris Agreement. However, it does not set out
specific measures to achieve these objectives, rather, setting benchmarks for each decade. Thus,
short-term goals are needed to be further developed through planning tools such as the NECP
[2].

Regarding the agriculture sector, it is necessary to move on a sustainable land management
policy development and implementation - according to the Strategy of Climate Neutrality for
2050. It emphasizes that land management, including LULUCF and agriculture sectors, through
the technologies, sustainable management practices and efficient planning should contribute to
climate neutrality without compromising economic development. In addition, possible
solutions for the low carbon development for agriculture sector include [19]:

e A sustainable balance between different land uses, taking into account climate, nature
protection, economic and social aspects. Sustainable land management needs to be
planned at both national and regional level, considering regional specificities.

e The need to transform land from one use to another must be seriously considered in the
future. For example, the establishment of unsustainable crop plantations, the expansion
of agricultural land to grow bioenergy crops, which are considered to be a serious threat
to biodiversity and the resilience of ecosystems to climate change, are limited. The
irrational use of land has also been curtailed.

e Agriculture makes a significant contribution to bioenergy without compromising food
security and COa» sequestration. It means without endangering biodiversity, new
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varieties that are resilient to climate change and provide optimal CO: sequestration are
selected and used, the latest generation of biofuels is designed to reduce the risk of food
crops being used for bioenergy and the new technologies and methods are used at all
stages of the management process, with sustainability, environmental impact, climate
and health as key criteria.

Latvian agriculture is resource efficient - high productivity is achieved, products with
high added value are produced. For example, good agronomic and animal husbandry
practices are followed, thus ensuring the conservation of land resources for future
generations. Improved varieties and precise fertilizer application are chosen to increase
productivity, as well as crop rotation involving perennial crops and legumes, as well as
maintaining soil cover throughout the year in areas where erosion is possible. The use
of fertilizers is carefully planned - the use of legumes as a crop rotation has reduced the
doses of synthetic nitrogen fertilizer, but the cultivation of receiving plants ensures that
unused nitrogen is not released into the environment. Innovative technologies are used
to deliver precise fertilizer to the plants, which reduces the consumption of fertilizer and
the negative impact on the environment. Maintaining soil fertility is essential as well -
increasing the carbon stock in the soil. The use of manure, ensuring that it is
incorporated into the soil as quickly as possible, helps to avoid soil compaction and deep
ploughing. Livestock farming is planned taking into account the latest scientific
findings. Feed is used that ensures optimal digestion of the animals without
compromising their health. Manure storage facilities have been set up and their use is
effectively controlled. On farms where economically viable, biogas is produced from
the processing of manure and other organic waste. The health and welfare of farm
animals is ensured.

Innovation has been successfully implemented in agriculture as well as in other sectors
of the economy. The latest scientific knowledge is used. Decisions to introduce new
policies and measures are made in a sustainable way, analyzing the benefits and harms
as well as the impact on other policies. This reduces emissions from the unit of
agricultural production.

Organic soils have been studied and used accordingly thus ensuring appropriate choice
of land use for agricultural land areas that are not actively used for agricultural
production due to various reasons (e.g., low soil quality value, large resources required
for restoration of drainage systems, lack of access roads, rural configuration and
location).

With the Strategy of Climate Neutrality for 2050 Latvia emphasizes the need for resource

efficiency, sustainable balance between different land uses, innovation implementation,

however, the result-based indicators are not set out, thus lacking the support for low carbon

development in agriculture sector.

Although within these Thesis the GHG emission reduction is viewed mainly through the
agriculture sector perspective, further investigations are necessary including GHG emissions
and removals as part of the LULUCEF sector, since agriculture land related GHG emissions has
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to be reported in both sectors of the National GHG inventory. Cross sectoral analysis could
include agriculture related part of the energy and waste sector as well.

To track the progress in meeting EU’s climate and energy targets for all sectors including
agriculture, EU countries are obliged to develop integrated national energy and climate plan
(NECP).

On January 2020, the Cabinet of Ministers approved Latvia's NECP for 2021-2030 [2].
According to NECP, specific measures to reduce GHG emissions and increase CO>
sequestration, including improving energy efficiency and promoting renewable energy sources
in energy, agriculture, transport, and other sectors of the economy, as well as the promotion of
research and innovation in their respective fields are in place. The long-term goal of the NECP
is consequent with EU's and Latvia's strategic policy to promote a sustainable and climate-
neutral economy.

Within the framework of the NECP, Latvia has set a GHG emission reduction target for
2030, as well as several sectoral targets. According to EU"s regulation [20] the NECPs should
be periodically updated to reflect changes of the EU policies, such as the implementation of the
European Green Deal and the “Fit for 55” targets. Latvia’s NECP states that by 2030 the country
will achieve a 65 % reduction in total GHGs emissions without LULUCEF relative to 1990 level,
reduction of GHG emissions in non—ETS sectors by 6 %, compared to 2005 level [2]. In
consequence with the updating of the NECP in 2023, higher targets are likely to be set. Among
other, NECP [2] states, that land management, arable and livestock farming must be carried out
in a sustainable way, taking into account climate, environmental protection, economy and social
aspects, as well as high productivity in agriculture through efficient use of bio resources.
Resource efficiency and reduction of GHG emissions in agriculture have been highlighted as
key area for action. The following measures as main actions and activities for agriculture
emission reduction has been identified:

o Efficient use of fertilisers and improvement of the manure management system,

e Organic dairy stock farming (emission-reducing dairy farming),

e Improving fertility of soils,

e Improvement of animal nutrition,

e Improving CO2 removals in forest stands,

e Improving the quality of soils,

e Promoting and supporting the installation of green fallow before winter crops,

e Support the development of innovative technologies and solutions to promote resource

efficiency, GHG emissions reduction/CO; deployment in agricultural activities.

For each of the measure’s outcomes of action, responsible institution for implementation
and financial sources are determined that ensures practical perspective to the implementation.

In the NECP essential measures related to other sectors are also highlighted, for example,
promoting the use of negative emission technologies in electricity generation and by
introducing additional measures to promote biogas production, ‘Greening’ of the tax system
and improvement of the attractiveness of energy efficiency and Renewable energy technologies
as well as education, public information and raising of awareness.
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Yet an effective movement towards climate smart and sustainable agriculture in the
framework of climate change mitigation perspective within the given policy framework cannot
be sustained without sector specific policy and incentives planning. CAP is not only one of the
oldest EU's policies but also the most powerful tool in this regard and it's modernised and
simplified approach of 2018 and is based on a more flexible performance yet result-based
approach while increasing EU's and national sustainability endeavours.

Latvia’s CAP draft Strategic plan for 2023-2027 prepared by Ministry of Agriculture is
submitted to EC on 18 January 2022 [21]. The draft Strategic Plan supports the GHG reduction
measures for the NECP implementation and it: promotes the efficient use of fertilizers,
improves soil fertility and quality, improves animal nutrition, improve manure management by
supporting investment in farms, further biogas production farm needs, improve pasture
management by supporting the necessary investments in agricultural holdings by such as rotary
grazing, contributes to the conservation of COz in the soil, promotes CO: sequestration by
supporting afforestation.

According to Informative report to Cabinet of Ministers "On the Strategic Plan of the
Common Agricultural Policy of Latvia for 2023-2027" prepared by Ministry of Agriculture
(approved by Cabinet of Ministers 18.01.2022), 4 % GHG emission reduction in agriculture
sector emissions being planned in 2027 [22]. Although current version of the CAP Strategic
Plan does not contain information on particular climate change mitigation target for agriculture
sector, Informative report to Cabinet of Ministers informs about national ambition that can be
considered as specific agriculture sector related target [22]. This could stimulate effective move
from action based approach in evaluation of climate change mitigation outcomes to the
approach recently communicated by EU [4] — result based model.

A summary of Latvia’s GHG targets, including agriculture sector based on national and
international legislation for period until 2050 is presented in Table 1.1 [23].
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Table 1.1

Overview of Determined and Indicative Latvia’s GHG Targets, Including Agriculture Sector

2013-2020 | 2021-2030 | V212030 2040 2050
indicative
Total GHG emission
reduction target
without LULUCF -65 %
sector .
(compared to 1990) 85 %

Climate neutrality
(non-reducible
GHG emissions are
offset by removals
in the LULUCF
sector)

Total GHG
emissions with
LULUCEF sector

non-ETS GHG
emissions +17 % -6 %
(compared to 2005) -17%

EU ETS GHG
emissions 21 % -43 % -55%

(compared to 2005)

-4 %

Agriculture sector 027)

LULUCEF sector -644 ktCO,
eq

From the information summarized in Table 1.1, it can be concluded that separate GHG
reduction target has been set for the agriculture sector for 2027 in the framework of CAP, but
there is no separate target for 2030.

It can be concluded that national legislation overall being prepared for the GHG reduction
in the agriculture sector. GHG reduction measures have been identified and developed into
policy planning documents, but the future challenged lies on their practical implementation at
farm level, and only then the results and benefits will be reflected at national level.

Agricultural land is one of the most significant resources in Latvia and occupied
approximately 36 % (1.9 million ha) [24] in the latest years of the territory of Latvia. Amount
of utilisation of agricultural area for the period 2010-2019 is quite stable (Fig.1.2) [25]. On
average, arable land occupies 67 %, meadows and pastures 33 % and permanent crops 0.5 %
of utilized agricultural area.
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Fig. 1.2. Utilisation of agricultural area, thousand ha [25]

Latvia’s climatic conditions and soil fertility are suitable for a variety of agricultural
production sectors, including grain, rape and vegetable production. Grain growing is one of the
most important agriculture sectors in Latvia, as it provides population with food and livestock
- with concentrates. Recently, the use of cereals has become more common also in other sectors,
such as energy. According to the information provided by CSB, the highest harvested
production of grain was recorded in 2019 — 3.2 million t [25]. The average grain yield per one
hectare reached 42.6 ql, which is the second highest grain yield in the history of Latvia. The
grain harvest was significantly affected by the increase in share of winter cereals in total cereal
land from 35.4 % in 2018 to 58.8 % in 2019. It should be emphasized that use of nitrogen per
hectare of sown area increased from 62 kg in 2018 to 64 kg in 2019.

In turn, historically dairy farming is one of the most important branches of agriculture in
Latvia, for example, in 2019, 981.4 thousand tons of milk were produced (including goat's
milk), which is 1.5 thousand tons or 0.2 % less than in 2018. The decrease in milk yield was
influenced by the decrease in the number of dairy cows. The average milk yield from a dairy
cow increased by 277 kg or 4.2 %, reaching 6891 kg per year [26]. The Latvian livestock sector
has been affected by historical events and the economic situation, but in more recent years
cattle, veal, pork and sheep production is increasing.

Local farms are mainly family businesses. Since 2009, the number of large farms has
increased, while small farms have been closed, however dairy and other farms in Latvia are
characterized by a low herd size in comparison with other European countries [26]. According
to latest Agricultural Census 2020, 69 thousand agricultural holdings were registered with
average farm size of 28.4 ha (in UAA per holding) in 2020 [25]. Provisional results of the
census showed that within 10 years, the number of agricultural holdings has decreased by
17.2 %, but the utilised agricultural land has increased by 9.1 %. However, it was evaluated
that permanent employees in agriculture in 2020 were by 13.5 % less than in 2010. It is
important to acknowledge comparing the results of the agricultural censuses of 2020, 2010 and
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2001, that there is a tendency that the area of the cereal cropland is increasing in agricultural
holdings growing cereals and, compared to 2016, in 2020 sown areas of industrial crops per
agricultural holding increased on average by 12.6 %. The area under rapeseed have increased
significantly on average from 50.2 hectares in 2016 to 58.3 hectares in 2020 in one rapeseed
growing agricultural holding [25].

Historical and projected GHG emissions are a key indicator for assessing progress towards
climate goals. Therefore, Latvia’s GHG inventory and reports on policies, measures and GHG
projections (such as Biennial reports) are used for this assessment. Latvia is obliged to prepare
and submit these reports to the UNFCCC Secretariat and the European Commission
accordingly to the international legislation. The main sources of GHG emissions and
methodologies for calculations in the GHG inventory are determined according to the UNFCCC
Decision 24/CP.19 [27]. The following sectors are included: energy (including transport
sector), IPPU, agriculture, LULUCF and waste.

Latvia has to prepare and submit the GHG emission/removals projections using variety of
scenarios, including currently implemented and adopted policies and measures (WEM) and
additionally planned policies and measures (WAM) to EC and UNFCCC [10], [28], [29], [30].

Reviewing legislation, guidelines and the report’s, author of Thesis came to conclusion that
rather complex system is in place for submission of PAMs. Literature review allows to
understand main parameters and requirements. It is mentioned examples of single PaMs: unique
policy interventions, pursue a well-defined and specific goal, monitoring and evaluation
possible, impact can be assessed (ex-ante and ex post), known period of time, task for
implementation body. In turn group of PaMs is coordinated set of individual measures [29].
Use of PaM have to be related with the relevant objective [3], following objectives could be
used for agriculture sector: improved livestock management, improved animal waste
management systems, reduction of fertilizer/manure use on cropland, other activities improving
cropland management and activities improving grazing land or grassland management [29]. All
of PaM must be selected from using of certain policy implementation types, e.g. Economic,
Fiscal, Voluntary, Regulatory, Information, and Education (Table 1.2). Also it is very
significant to consider and to analyse the stage of the policy, whether the planning,
implemented, or expired stages.
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Table 1.2

Types of policy implementation

Implementation type of

Short description

Policy

Economic infrastructure programmes, subsidies, investment programmes, feed-in
tariffs, loans/grants and trading schemes (e.g. ETS), charges and fees for non-
beneficial actions (e.g. waste fees or congestion charges etc.).

Fiscal includes both increases and
decreases in taxes.

Voluntary agreed between regulators and target group (e.g. automotive farmers).

Regulatory set binding standards and regulations or permitting systems, includes for
instance building regulations, eco-design standards, establishment of permit
and inspection procedures.

Information
disseminate information to the general public or specific target groups
(labelling, awareness rising, voluntary standards

Education training programmes, workshops, seminars at all levels

Latvia’s GHG emissions and removals by sectors for time period 1990-2019 and structure
of total GHG emissions for 2019 [1] are shown in the Fig.1.3 and Fig. 1.4 accordingly.
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Fig. 1.3. Latvia's GHG emissions and removals by sectors 1990-2019 (kt CO2 eq.) [1]

As agriculture sector is the second most significant source of Latvia’s GHG emissions, with
19.8 % of total GHG emissions excluding LULUCF in 2019, the Thesis is more focused on this

part of emissions.
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Fig. 1.4. The structure of Latvian GHG emissions in 2019 [1]

The sectors included in the GHG inventory interact with each other. The energy sector is
linked to all GHG emitting sectors. In turn agriculture sector's linking in national GHG
inventory is shown in the Fig. 1.5 [31]. The agriculture sector is mainly linked to the energy,
LULUCF and waste sectors. In future studies, it would be very important to look at the
agriculture sector with LULUCEF, as these sectors have been planned to be merged after 2030.
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Fig.1.5. Agriculture sector relationship in national GHG inventory [31]
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In the agriculture sector, CH4 and N2O emissions from enteric fermentation of livestock,
manure management, agricultural soils and CO; emissions from liming and urea application are
calculated. Mainly for the calculation of emissions the 2006 IPCC Guidelines [32], national
activity data form CSB, national studies for better characterizing national circumstances for
various parameters, for example, manure management systems (MMS) N excretions per head
of animal, FracLeacu-an, N losses by leaching/runoff [kg N lost from kg N input] are used. MMS
distribution is based on national research of Latvia University of Life Sciences and
Technologies [33].

In 2019, the largest part of the total agriculture sector emissions (given in kt CO2 eq.)
constitutes N2O emissions (54.6 %), following CH4 (42.9 %) and only 2.5 % is CO2 emissions
from liming and urea application (Fig.1.6).

Enteric fermentation
38.6%

Manure
management
7.8%

. Agricultural soils
51.1%
Liming
2.0%

Urea application
0.5%

Fig. 1.6. Emissions from the agriculture sector compared to the total emissions in 2019 [1]

Annual emissions from the agriculture sector have reduced approximately by 55.8 % since
1990 due to decrease in agricultural production, however in 2019 emissions increased by 5.0 %
compared to 2018 due to the increase of livestock and fertilizer use (see Fig.1.7.). Emissions
from agricultural soils were responsible for 51.1 %, enteric fermentation 38.6 %, but manure
management created 7.8 % of the total GHG emissions from agriculture in 2019.
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Fig. 1.7. Trend in GHG emissions from agriculture sector in 1990-2019 (kt CO2 eq.) [1]

According to information provided in National GHG inventory report 2021 the inter-annual
fluctuations in emissions observed from the time series were mainly due to the fluctuations in
activity data over the years due to changes in the number of animals that were significantly
affected by the economic situation in the country, as well as agriculture policy.

Identified key emission categories in agriculture sector for 2019 are provided in the Table
1.3. Key categories characterize significant influence on country’s total GHG in terms of the
absolute level and help to prioritize improvements for national GHG inventory at sectoral level.

Table 1.3

Key categories of agriculture sector emissions in 2019

Category Gas
Enteric Fermentation - Cattle CH4
Manure Management - Cattle CH4
Manure Management - Cattle N20
Indirect emissions from Manure Management N2O
Manure Management - Swine N0
Direct emissions from managed soils N20
Indirect Emissions from managed soils N20
Liming CO2

As mentioned before the large part of emissions come from soil management where direct
and indirect N2O emissions from managed soils are calculated in following subcategories (1)
application of synthetic nitrogen (N) fertilizers, (2) animal manure, (3) compost, (4) sewage
sludge and other organic fertilizers, (5) urine and dung N deposited by grazing animals on
pasture, range and paddock; (6) N release from crop residues, (7) cultivation of organic soil in
croplands and grasslands, (8) N mineralisation associated with loss of soil organic matter
resulting from change of land use or management of mineral soils as well as (9) volatilized N
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from agricultural inputs of N, (10) N from fertilizers and other agricultural inputs that is lost
through leaching and run-off.

Analysis of emissions from these categories show that nitrogen input from application of
inorganic fertilizers to cropland and grassland was the largest share of total N,O emissions
(34 %), followed by area of cultivated organic soils (24 %), N in crop residues returned to soils
(14 %), N input from manure applied to soils (6 %), N excretion on pasture, range and paddock
(6 %), Volatilized N from agricultural inputs of N (5 %), N from fertilizers and other
agricultural inputs that is lost through leaching and run-off (10 %) and small amount of
emissions from other organic N additions applied to soils.

Distribution of total GHG emissions from agricultural soils by sub-categories in 2019 is
provided in Fig.1.8 [1].
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Fig. 1.8. Distribution of total GHG emissions from agricultural soils in 2019 (%) [1]

Emissions from pastures and nitrogen fertilizers have grown the fastest in recent years. This
can be explained by the increase in the number of beef cattle in pastures and the increase in
sown area. In 2019, emissions of digestate as an organic fertilizer also increased. According to
the information of the CSB, in 2019 139.2 thousand tons of mineral fertilizers (expressed as
100 % of nutrients) were used in the sown areas of agricultural crops - by 6.3 % more than in
2018. The increase in the amount of applied mineral fertilizers per hectare (from 108 kg in 2018
to 110 kg in 2019 or by 1.9 % per year) was promoted by the increase in sowing of winter
cereals and winter rape - by 21 % and 57 %, respectively [34].

In general, it is very important to pay attention to the reduction of GHGs emissions from
agricultural soils and enteric fermentation processes, as these are the main sources of GHGs in
the agriculture sector. One of the main emphases of the Thesis is the analysis of reduction
measures from agricultural tillage in a sustainable way.
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National self-assessment evaluation of determined targets is an essential part of successful
policy planning process and thus an important task for relevant decision makers. Therefore, the
Ministry of Environmental Protection and Regional Development in cooperation with Ministry
of Agriculture, Ministry of Transport, Ministry of Economics, and other ministries annually
prepares and submits to the Cabinet of Ministers Informative Report on compliance of the
commitments regarding GHG emission reduction and CO; removals (Informative report)
according to the Law “On Pollution” (2018). In case of detected shortage in successful
movement in achieving the defined targets, the report should be supplemented by including
additional GHG reduction measures and policies that are in line with the sectoral policy
planning documents for the relevant period and are also cost-effective and socio-economically
assessed.

Analysing information in previously mentioned reports [1], [23] to clarify path towards
determined goals, conclusion can be made, that Latvia will achieve its objectives set for 2013—
2020. Itis also worth emphasising that so far Latvia has a national target of limiting its emission
growth to 17 % above the 2005 level by 2020 for non—ETS sectors (including agriculture sector)
that is covered by the EU effort sharing legislation. The Effort Sharing Decision (ESD)
determines Latvia’s annual emission targets from 9260.06 kt CO2 eq. in 2013 to 9991.83 kt
CO:; eq. in 2020 [35].

Based on the 2021 Report on policies, measures and GHG projections submitted to the EC
[36], Latvia's GHG emissions in agriculture sector will increase slightly over time, with existing
measures (WEM) reaching 2867 kt CO: eq. level or with additional measures (WAM) 2638 kt
COz eq. in 2040. Thus, N2O emissions from soil and CH4 emissions from manure management
are projected to grow by 8.7 % in 2030 compared to 2018 (Fig.1.9).
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Fig. 1.9. Latvia’s historical agriculture emissions projections by source category [1], [36]

Decrease of number of cattle is projected, nevertheless, increase of dairy cattle productivity
will lead to increase of gross energy intake and therefore increase of CH4 emissions from enteric
fermentation per dairy cow is planned.
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As it can be seen in Fig. 1.9, despite many PaMs, the projected emissions show growing
tendency mainly due to increased production. Most of the measures focus on soil and nutrient
management (12 implemented and 8 planned PaMs). However, these measures have little effect
on projected GHG emissions from agricultural soils, as emissions will continue to increase.

The abovementioned analysis allows reach the conclusion that there are different GHG
mitigation measures in place in Latvia’s agricultural sector, but the measures of specific result
indicators are not set, thus hampering the full potential of climate change mitigation.
Comprehensive development on a state scale result-based indicator system establishment for
agriculture sector could optimize these trends and stimulate sustainable approaches. According
to the report [37] the existing PAMs are related to the implementation of the Nitrate Directive,
renewable energy sources directive, and CAP. Planed policies mainly focus on crop/soil
management and nutrient management, but unfortunately these measures have a small effect
on projected GHG emissions from agricultural soils, as emissions are projected to continue
growth. It must, therefore, be concluded that there is a lack of effective measures, and further
work on GHG reduction in the agriculture sector is crucially important at all levels - farm,
sectoral, and state, to move towards result-based agriculture and climate targets.

1.2. Concept of the result-based agriculture sector

The literature review is prepared sequentially, considering the tasks set in the Thesis. As a
result of the analysis of the scientific literature about the concept of the result-based approaches
in agriculture sector, several similar views are provided. Janus H., and Holzapfel S., emphasizes
three essential elements of result-based approaches [38]:

e choosing measurable results,

e cstablishment of a payment and verification mechanism,

e providing support to a stimulated participant.

These studies indicate that the result-based approaches have the potential to promote
innovation in agriculture and they can play a significant role in increasing food security.
Although it was highlighted that there are additional challenges for implementation of result-
based approaches, for example outcomes could be floating and affected by different conditions
(such as weather). Several decisions must be taken into account when choosing results. Janus,
H. concludes that to meet the criterion, the results must always be based on the country's own
development strategy and priorities [39]. It is also important to choose the level of the selected
result. According to O’Brien and Kanbur [40] outcome — level indicators promote innovation
and are more suitable under complex conditions as they only indicate the result, but not the road
to reach it. Agriculture sector is very complex, and it is difficult to evaluate and to direct which
agricultural innovation is most useful on a case-by-case basis. Therefore Birdsall et al. [41]
point out that payments linking to outcome indicators has advantages and experimentation is
possible. In turn, Gelb & Hashmi indicate that payments may be made on a pro rata basis or
conditional reaching the threshold level [42]. The main requirement for determining the right
incentives is that the results are easily measurable, and that the quality of the data is high.
Keijzer & Janus emphasizes if result-based programmes are planned, decisions have to be made
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involving donors in planning, implementation, monitoring as well as in supply of technical
support [43]. In addition, the existing theoretical literature suggests that the result-based
schemes could be more cost-effective than activity-based schemes [44].

According to the result-based approach [45] newly introduced and emphasized by EU's
communication on Sustainable Carbon Cycles [4] and related documents [46], [47], it requires
a direct link between the results achieved (GHG emissions avoided or decreased) and the
payments received by farmers. It differs from the best known activity-based schemes, in which
the farmer is paid according to very specific agricultural practices or technologies selected for
climate change mitigation purposes. In a result-based approach, the payment is closely linked
with the quantifiable indicators of the climate benefits provided, regardless of the exact
agricultural practices used. It is pointed out [46], [47] that result based impetus offer a number
of advantages over action-based impetus such as a more targeted use of relevant resources to
achieve the determined climate goal and a greater degree of flexibility for land managers. EU
encourages [4] it's Member States to explore the result-based business model concept and
widely implement it considering ambitious climate neutrality target to be achieved by 2050. It
is emphasized that sustainable and climate-resilient carbon cycles could be developed in
following main phases to achieve such ambitious goals: decrease reliance on carbon, recycle
carbon from waste streams, there is a need to improve carbon capture and store solutions [46],
[47]. Thinking more broadly, the concept of the result-based agriculture sector is related to
sustainability and smart agriculture principles [46], [47], therefore it is essential to deeper
analyse the assessment of eco-efficiency at different levels (farm, state), indicators for GHG
mitigation possibility, and carbon balance analysis at farm level, to rank bioresources for biogas
production at technology and sectoral level, and GHG mitigation measures linking to climate
smart and sustainable agricultural practices.

In general, eco-efficiency concept is based on the production of products with higher added
value and less impact on the environment. As it is stated by Koskela and Vehmas, eco-
efficiency definitions can be presented in five groups [48]. The first group of definitions refers
to the expression "more from less", then secondly and thirdly eco-efficiency is considered as
the ratio between economic and environmental output. More specifically, the second group
emphasizes the emphasis on productiveness: the production of additional value added with less
impact on the environment. The fourth group describes eco-efficiency as a control strategy, but
the fifth group of the definitions provides more specific guidance of control strategy in the
enterprise level for improving eco-efficiency. The main concept of the eco-efficiency is to help
companies and governments to become more sustainable [49]. There are three types of methods
for measuring eco-efficiency: first the single-ratio model of environmental impact/economic
output. The model accepts and combines environmental impacts in one account though life
cycle analysis. This single-ratio model is used to analyse the efficiency of products and
technologies, as well as is making it easy to understand it. Secondly, replacement of the
numerator with other mixed indicators, such as ecological footprint, energy and material flow
analysis indicators. This method can be used by evaluating the environmental performance of
the system. Thirdly, efficiency assessed by models such as the Range Adjusted Measure model
can be used. These models provide and explain advisable and unacceptable outputs in the
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process of production [50]. A wide range of methods for assessment of eco-efficiency, for
example, Delphi method [51], Data envelopment analysis (DEA) [52], Life Cycle Assessment
(LCA) [53] jointly with Life Cost Cycle (LCC) [54] analysis and others are described in
literature [55]. It is essential to analyse availability of the activity data in both farm and national
level to apply these methods for assessment of eco-efficiency. Different kinds of information
are available to get insights into ways to measure the impact on environment and climate. There
are two substantial questions to be considered for measuring eco-efficiency — how to measure
and what kind of possible indicators can be used for measurements.

Examples of environmental, climate and economic performance measurement indicators,
which were mentioned in the literature are, summarized below in Table 1.4 [56].

Table 1.4

Environmental and Economic Performance Measurement Indicators for Agriculture Sector

Envir tal and ec ic performance Indicators
Inputs for the production Water use, thsd m?
Energy use or consumption, GJ/TJ
Biogas, TJ

Raw material consumption, thsd tonnes

Land use, thsd. hectares

Outputs as emissions groups Total GHG emissions from agriculture sector and
sub-sectors (without LULUCF), kt or kt CO3 eq.
Total GHG emissions from agriculture sector and
sub-sectors (with LULUCF), kt or kt CO; eq.
CO; emissions kt or kt CO, eq., N>O emissions kt or
kt CO; eq., CH4 emissions from agriculture sector
and sub-sectors kt or kt CO3 eq.

Emissions to water, tonnes

Emissions air, tonnes, kt

Environmental impact Climate change

Biodiversity

Smell

Use of synthetic fertilizers, kt nitrogen

Organic soils, ha

Fossil fuels, GJ/TJ

Economic indicators Gross domestic product, thsd. EURO/%
Employees, thsd

Value added, milj EURO

Amount of production, kt/thsd tons

Resource use intensity Water intensity, m*/GDP

Energy intensity, TJ/GDP

Land use intensity, thsd. hectares/GDP
Environmental/Climate impact intensity Total GHG intensity, kt CO eq./GDP

GHG intensity, kg CO; eq./kg product

CO; intensity, kt CO, eq./GDP

CHj intensity, kt CO; eq./GDP

N0 intensity, kt CO; eq./GDP

One of the main policy directions set out in the current policy planning documents to
achieve the climate targets is promotion of the production of biogas [2],[57].

Production of biogas using bioresources of agricultural origin plays an important role in
Europe’s energy transition to sustainability and a climate-neutral economy [58], [59] due to the
possibilities to use it for different purposes — transportation fuel, heat, and electricity generation
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[60]. The transition to clean energy has already proven its role of modernizing the EU’s
economy, promoting sustainable economic growth and prosperity, as well as improving the
environment, creating new jobs and delivering benefits for citizens [61].

The biogas production process integrates production [62], processing and recycling of
degradable by-products [63]. Not only does the biogas produced by anaerobic digestion prevent
GHG emissions and produce renewable energy, but it also provides the production of processed
fertilizers, improving nutrient self-sufficiency in agriculture sector [64]. The productivity of a
biogas plant depends on different aspects, like the type of biomass [65], [67], digestion [68],
[69], availability of biomass, impurities that may harm microorganisms [70] and lignin content
[71].

According to Ugwu et.al., the most important element of the biogas production system is
the choice of a substrate, because by knowing the composition of biomass, it is possible to
predict the yield of biogas and its ratio of methane [72]. Almost any organic material can be
used for the biogas production, for example, paper, grass, animal waste, domestic or
manufacturing sewage, food waste, agricultural products [72], whereas finding new sources of
renewable energy production is a global issue [73], [74]. However, at the same time specially
grown substrates are being rejected for the production of biogas [75].

One of the substrates being rejected is the use of maize because of differences of opinion
on its impact on the environment [75], even though maize biogas yields and characteristics are
far superior to other crops for biogas production [76], [77]. The usage of some substrates like
maize due to controversy of food deficit has been increasingly denounced in the last years and
there is currently an active discussion about future subsidies to biogas producers depending on
the substrate used.

Not only does maize have a high carbon fixation and assimilation capacity [78], but it can
also be grown worldwide due to its high photosynthesis and resource utilization [79], even in
conditions of drought, high temperatures and lack of various nutrients [80]. In addition, in the
process of anaerobic digestion it is very important to use co-digestion that allows to increase
the productivity of produced biogas from 25 % to 400 % over mono-digestion [81]-[82]. Co-
digestion is often used for the very reason that the optimal carbon-nitrogen ratio on biogas
production is in the rage of 20:1 to 30:1, but in general, manure has very low carbon ratio and
it is important to mix it with other substrates that are carbon-rich like maize to increase the
biogas yield. In Thesis, a carbon balance was developed and carried out to objectively quantify
naturally or anthropogenically added or removed carbon dioxide from the atmosphere in order
to determine the environmental impact of biogas production from specially grown substrates,
in this case - maize silage. Although many authors have acknowledged that, when analyzing
biomass life cycle, the range of results is quite wide [83] due to the differences of various factors
and system boundaries [84], therefore it is considered to be the best method for calculating
GHG balance [85].

Given that around 6 million tons of agricultural waste is produced in the world yearly and
the emphasis on pathways and strategic priorities for transition to a net-zero GHG emission
economy, there is a promising future for the development of biogas production, especially for
upgraded biogas to biomethane, that is flexible both, in use and storage and because of its
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production from agricultural, industrial waste and sewage sludge protects soil, air and water
from pollution [86-87]. Not only does biogas produced by anaerobic digestion prevent GHG
emissions and produce renewable energy from waste, but it also provides for the production of
processed fertilizers, improving nutrient self-sufficiency in the agriculture sector [88]. The
biogas production process is an environmental technology that integrates production,
processing and recycling of degradable by-products [89]. In 2014 there were 54 biogas plants
operating in Latvia with a total capacity of 54.92 MW (3.1 PJ) and out of those 54 biogas plants,
44 used agricultural waste, 7 used municipal waste in landfills, but only 3 used domestic or
industrial sewage and residues from food production (industrial waste) [90]. Consumption of
biogas produced in 2017 increased to 80.73 MW (3.9 PJ) since 2014 [91], reaching a 25.81 %
increase of biogas production [93]. Different types of manure present variation in organic
composition and dry matter content (1.5-30.0 %), which affects the biogas produced. The yield
of different raw materials is shown in the Table 1.5 [93]. The most commonly used substrate
with manure for co-digestion is maize silage and one of the reasons comparing the biogas yield
of maize silage with the biogas yield of liquid cattle manure, the biogas yield from maize silage
is 8.08 times higher [94].

Table 1.5
Yield of various raw materials [93]
Yield of methane, % Yield of biogas, m3/t
Cattle manure (liquid) 60 25
Cattle manure 60 45
Pig manure (liquid) 65 28
Pig manure 60 60
Poultry manure 60 80
Maize silage 52 202
Grass silage 52 172
Organic waste 61 100

The use of lignocellulosic substrates after pre-treatment [95] for biogas production should
be evaluated. Given that the use of maize and rapeseed silage in biogas production will no
longer be acceptable, it is necessary to find new raw materials that occurs as a result of other
processes as waste. Considering that a half of Latvia’s territory is covered by forests in 2016,
and 36.5 % of Latvia’s territory is covered by agricultural lands, Latvia has a big potential to
use harvesting and agricultural crop residues and waste, that have high levels of lignin in their
content [96].

Grasslands have a variety of functions in agriculture — not only are they are the main source
of feed for livestock, but overall, they provide benefits such as carbon storage and soil
protection from erosion, groundwater formation and habitat formation in diverse landscapes
and natural foundations [97]. Although grasslands can be used in the production of
lignocellulosic bioethanol, synthetic natural gas or synthetic biofuels, according to the Green
Biorefineries concept, the sustainable use of grass biomass is directly linked to the production
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of biogas [98]. Knowing the feasibility of successful processing of such raw materials and their
practical application, it is understandable that they are potential raw materials also in the
agricultural conditions of Latvia.

Anaerobic digestion has been mainly implemented for the management of animal manure,
organic and agricultural waste, sewage sludge, plant green mass etc. [99]. Theoretically it is
possible to use forest and wood processing waste and peat [100]. Manure is the most suitable
material for biogas production. The easiest way to get biogas is from cattle manure. The dry
matter content of the manure depends on the used amount of litter, moreover if a lot of washing
water is used, the manure is watery [101]. Pig manure is also suitable for biogas production,
because it contains not only manure, but also feed residue and litter. Poultry manure is suitable
for biogas production also, but there tends to be sand, and feathers mixed in the manure, which
can cause problems, when specially adopted pumps are not used. Because of the high
concentration of nitrogen, it is advisable to mix poultry manure with cattle manure.

If biogas is utilized in a technologically efficient way and sector, it can not only make an
economic contribution, but also reduce emissions [101], however inefficient use can affect not
only the economy, but also the environment and food.

Although there are various forms of support for biogas producers in Europe and elsewhere in
the world, the legislation in Latvia is so unstable and different that entrepreneurs are afraid to
invest in biogas or treatment plants, therefore, even though the number of stations should
increase, the trend is that they decrease every year [102]. Given that, in theory, a biogas plant
must be able to operate economically independently, even without public subsidies, in parallel
with its main task of reducing emissions, the main challenge is to provide practically valuable
material with technological information on how to achieve it with maximum efficiency.

However, focus of this Thesis is on agricultural biogas that can be used for two purposes in
the energy sector: (a) combusted in CHP, as well as electricity used for road transport; (b)
purified to biomethane used for road transport (Fig.1.10).
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Fig. 1.10. Biogas application

According to the IPCC Synthesis report 2015 [103], the most profitable mitigation
possibility is cropland and grazing land management as well as organic soils renewal in
agriculture. Efficient mitigation and adaptation are related to implementation of policies
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and measures at several levels, including avoidance of use of less labor-intensive
technologies in the agriculture sector.

As emphasized above mitigation measures are essential element for GHG emission
reduction in agriculture sector. The roadmap for the future is to work in more sustainable
way taking into account also adaptation to climate change and GHG emission decrease that
together make up climate smart agriculture objectives. Moving towards sustainable
development of the agriculture sector in a light of growing climate change impacts and
mitigation and adaption commitments taken at different levels reveals the need for
integrative sustainability based approach and CSA concept is one of the principal paths to
be considered.

In 2009, for the first time the CSA idea was initiated [104]. The term was reflected at the
Hague Conference on Agriculture, Food Security and Climate Change by the Food and
Agriculture Organization of the United Nations (FAO) in 2010 [105]. According to the FAO
often used definition of CSA agriculture is that increases productivity in a sustainable way,
increases resistant, decreases GHG, and increases the achievement of national food security and
goals of development [106]. Lipper et al. also noted that definition and essential aim of CSA is
the development and security of food [106] and productivity, adaptation, mitigation are pointed
out as three interconnected activities to reach this aim. Lipper et al. [106] also say that CSA
could be explained as an approach for reorienting and transforming agricultural development
taking into account climate change. However, A. Amin et al. [107] stated that CSA can be
determined as agricultural productivity growing in a sustainable way, building and adapting
resilience to climate change, GHG emission reduction as well as that it is a possibility to
increase the policy, technical, and investment on the environment to get continual agricultural
growth for food protection due to change of climate. As it is written by L. Lipper and
D. Zilberman [108], CSA aims to provide comprehensive appropriate principles of agricultural
management for food security due to climate change that would ensure a foundation upon which
to build policy support as well as recommendations of organizations. FAO emphasizes three
objectives of CSA (Fig. 1.11) [109], which can contribute to achieve the Sustainable
Development goals.

mitigation

adaptation
to climate

emissions

Fig.1.11. Objectives of climate smart agriculture

It is recognized that to reach the objectives set in Fig. 1, agricultural production and
food systems will need to use natural resources and other inputs in a more efficient way and
become more resilient to change [110].

CSA is mentioned in literature as an integrated approach to better adapt crops and
livestock to climate change as well as agricultural methods, and thus reduce GHG
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emissions, considering technological and environmental availability factors [111] at the
same time taking into consideration the growing population for which there needs to be a
guarantee in food security [112]. Thus, the emphasis is not simply on sustainable
agriculture, but also on increasing agricultural productivity. The CSA is consistent with the
vision of FAO and also supports the aim to turn agriculture into a more sustainable and
efficient sector [106].

Smart agriculture is directed towards guiding the land supply and depending on its
status, focusing on suitable growing parameters, such as material content, fertilizer,
moisture — to ensure production of the appropriate crop that is in demand. The ways
precision farming is implemented depends on the software used by sustainable
entrepreneurs [113]. In the management of agriculture, reasonable intensification is
necessary [114] and CSA is the solution [115]. Challenges related to climate change in the
agriculture sector ask for acceptance of innovative methods in order to increase resilience,
decrease influence, while supporting the productivity of the farm [116]. This set of activities
has been also widely indicated by the FAO (2010).

Many policy instruments might be implemented for CSA practices adoption in
agriculture sector, for example, regulatory and economic instruments (taxes,
compensations) as well as on information-based instruments (e.g. Certification and
labelling) [117]. The EU encourages Member States to include CSA principles in their
Strategic Plans of Common Agriculture Policies through economic instruments.

The main reason for measuring GHG emissions is to contribute the management and
decrease of these emissions. GHG emission analysis plays a significant role in measuring
company's (farms), sectoral, sub-sectoral and national level emissions. Such analysis makes it
possible to identify the main areas of GHG emissions at each of the above levels, thus working
on more effective GHG reduction practices, as well as demonstrating the commitment of
customers, government and society to sustainable, environmental and climate-friendly
practices. According to Smith et al., [118] many farming methods have the potential to reduce
GHG emissions. In the context of GHG reduction in the agriculture sector, researchers see three
lines of action: firstly, the use of efficient GHG reduction methods, secondly, the reduction of
carbon sequestration in the soil, and thirdly, the use of climate-friendly practices for the
production of renewable energy such as biogas, bioethanol or biodiesel. With regard to the
reduction of GHG emissions in the agriculture sector, one of the scientifically recognized
approaches [119] is the classification of measures into 4 different categories: agronomy
(nitrogen balance, leguminous, cover crops, conservation agriculture) animal husbandry
(manure storage and spreading, biogas) energy (biomass, photovoltaic, fuel an electricity
reduction) and agri-environmental measures. Asgedoms et al. classify reduction measures
related to crop and animal production as well as manure/soil management [120].

Besides, nationally comprehensive studies to identify the most appropriate GHG mitigation
measures for local circumstances were done by the Latvia University of Life Sciences and
Technologies - researchers selected 17 GHG reduction measures best fitting for Latvian
conditions and analysed them from the perspectives of farm size and structure, as well as cost-
benefit analysis was performed to develop proposal for inclusion of the selected and examined
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measures into national policy documents [121]. The research outcome has served as a basis for
current development of national legislation for reduction Latvia's GHG emissions in the sector
of agriculture, including the measure targeted approach, to support of biogas production.

As stated by Popluga D., measures focused on improving management practices, including
environmental benefits such as GHG emission reduction are known as beneficial management
practices (BMP). BMPs globally are recognized as one of the most efficient approaches for
mitigation of GHG emissions. However, since these practices are diverse the use of them
depends on a state policy, and support instruments, climatic, geographic conditions as well as
agricultural practices [122-123]. Considering the importance of the sector in national GHG
balance, national studies on GHG mitigation for agriculture are ongoing and different methods
of analysis are tested.

1.3. Summary of literature review: blind spots in agriculture
sector

Complexity and socio-economic importance of the agriculture sector for decades has
determined specific emphasis on multilevel and structured scientific research in the field of
GHG mitigation, adaptation and above all finding the climate smart, result-based and thus
inclusive pathways to further sustainable development of the sector. Wide variety of studies
and approaches discussed above allow us to understand not only the existing scientific research
areas of debate, but also uncovering the array of blind spots to be investigated to ensure more
stable move on result-based agriculture sector development and climate change mitigation
targets achievement.

The specific nature of the agriculture sector and it's complex ties to other sectors of the
economy sets acknowledgement that studies must be continued and there are still number of
elusive research angles left. Therefore, the following study areas are identified and suggested
for further research concerning move towards the result-based agriculture in the light of climate
neutrality:

e methods to detect horizontally correlations that appear to be relevant to possible

transition towards result-based agriculture sector and climate targets,

e anassessment of the eco-efficiency of the agriculture sector, taking into account various
indicators,

e indicators for GHG mitigation possibility in agriculture sector using GHG emission
reduction model,

e carbon balance analysis for assessment of the impact of biogas production from maize
and MCDA TOPSIS use for ranking bioresources for biogas production as promotion
of biogas production is mentioned as one of the measures for GHG mitigation in
agriculture,

e MCDA TOPSIS together with the use of the Delphi approach to identify the most
effective GHG emission reduction measures,

e proposition of the decision-making analysis tool for result-based measures.
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2. METHODOLOGY

According to the structure and tasks of the dissertation the methodology will be examined
sequentially: (I) regression analysis; (II) theory-based analysis; (III) carbon balance analysis;
(IV) multi criteria decision analysis TOPSIS; (V) combination of the Delphi approach/MCDA
TOPSIS; and (VI) combination of comparative analysis/MCDA TOPSIS.

2.1. Regression analysis

Regression analysis is a statistical method of relationships between a dependent variable
and independent variables. The tasks of regression analysis are [124]:

e to determine the statistical relationships of an independent and dependent random

variables quantitative parameters of closeness,

e to determine the coefficients of the regression equation (mathematical model).

The regression analysis is used to identify the strength of the effect that the independent
variable has on a dependent variable. Regression analysis also is used to predict trends of
dependent values. Regression analysis include linear, multiple linear and nonlinear regression.

The most used methods are linear and multiple linear. Regression analysis determines the
precise quantitative parameters of random magnitude changes, that is, determines the
significance of the stochastic connection with functional relations. The results of the regression
analysis are correct if the necessary rules of application are observed [125]. There are many
rules, and it is not always possible to follow them all in practice. The main conditions of
applying a regression analysis are several. Application of the regression analysis is correct in
cases where the dependent variable magnitude (reduction of GHG emissions) follows the law
of normal distribution. This requirement is not in effect with respect to independent variable
magnitudes. This means that analysis begins with determining the distribution of dependent
variable magnitudes and analysis can be continued if the distribution adheres to the law of
normal distribution.

Regression analysis starts with determining the distribution of dependent variables. It must
comply with the rules of normal distribution so that it can be used in the subsequent breakdown
[126]. The interlink closeness (correlation) between independent and dependent case variables
can be assessed by means of a correlation factor. The Pearson equation (Eq. 2.1) [127] could
be used for the calculation of a single factor mathematical model:

_ IR (xi- )i-y)
r= SxSy(m-1) 2.1)

where .t; _y,— the independent quantities and the corresponding pairs of dependent quantities,
x, y - arithmetic mean values of independent and dependent quantities,
S S, - the size of the random variance.
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In case of multifactor correlation, the multifactor correlation coefficient R is used. The
coefficient is not statistically interpretable but is determined and used as an indirect regression
the usefulness of the equation [128].

In case of nonlinear regression, a correlation ratio is used instead of a correlation coefficient.
The correlation ratio in nonlinear regression has the same meaning as the coefficient in linear
in regression - it describes the grouping of results around a nonlinear regression line.
Correlations the value of the coefficient can vary from —1 to +1. If the correlation coefficient is
equal to 0 or close to it, this indicates that there is no correlation between the variables, but
coefficient values equal to —1 or +1 indicate a functional relationship between independent and
dependent variables. It should be noted that correlations are usually calculated for statistical
data processing coefficient squared. Square of the correlation coefficient R? indicates the
regression under consideration characterization of the equation taking into account the change
in the dependent random variables [129]. Multivariate regression analysis could be performed
to obtain a mathematical model that characterizes dependent variable using two or more
independent variables. With the coefficients of the linear regression equation can be determined
by means of regression analysis statistical analysis of the results and the regression equation
(Eq. 2.2) could be determined from the initial data:

y = by + byx1 + byxy + -+ byxy 2.2)
where
y —dependent variable,
bo — free member of regression,
by, ..., by —regression coefficients,
X1, ..., Xx - independent variables.

The coefficient of the regression equations (Eq. 2.2) bo,..., bn can be used to estimate the
statistical significance t criterion, which has a Student's distribution with degrees of freedom
(Eq. 2.3).

f=m—-—mn+1) (2.3)
where

m — the amount of data relevant for the characteristic analysis,

n — the independent variable number in the regression equation.

To perform the evaluation, each coefficient with a computer program calculated t criterion
is compared with the value of twp found in the Student's distribution tables, respectively the
degrees of freedom P and f of the chosen level of significance. Frequent processing of energy-
related data a significance level of P = 0.05 is used, which corresponds to a probability of 1 - P
= 0.95. 1f the rule for the weighting to be evaluated is | t | > tab, then it is important and should
be left out in the regression equation. Otherwise, this equation must be discarded and analysis
must be repeated until all remaining coefficients are statistically significant. This whole
procedure is performed with the aforesaid computer program. The estimation is performed by
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analysis of variance using Fisher's criterion F (Eq. 2.4). This ratio of the variance of the
dependent variable to the balance is considered as part of the activity’s dispersion.

1 p2y _ SY2(fD)
F(FLFY) = 220 (4

where
S (/1) - variance of the dependent variable y,
Sul’ (/5) —residual dispersion.

The balance is determined as a function of the dependent variable and the regression
equation the difference between the calculated value y; and y;*". The degrees of freedom f; and
> are calculated by the equations (Eq. 2.5, 2.6):

fi=m-1 (2.5)
fr=m-—1 (2.6)

If the value of the F criteria is greater than the critical value determined from the F
distribution tables, taking into account the degrees of freedom f1 and f> as well as the
significance level P, this means that the equation describes the data to be analyzed and can be
used for further analysis.

For achieving the Task No 1 of the Thesis in general it is considered of four main steps
which characterize eco-efficiency performance process (Fig.2.1). The analysis of eco-efficiency
indicators was done step by step.

analysis of
absolute values
of indicators

processing of
data and
analysis

selection of
indicators

collection of
statistical data

Fig.2.1. Eco-efficiency performance process

Firstly, collection of statistical data was done to select appropriate indicators and then
analysis of absolute values of indicators was carried out for data processing and analysis.

As an economic indicator of the gross domestic product (GDP) of the sector, and for
measuring of the environmental indicators — emissions were used. The selection of indicators
depends on the ways they will be used. It is significant to set generally applicable indicators
that can be used by all interested groups (for example, farms, government, other institutions)
and therefore clearly described measurement methods are needed. Based on the available
literature, many of indicators were highlighted (for example, inputs for the production, energy
intensity (MJ/GDP), land use (thousand hectares/GDP), water intensity (m>/GDP) and
environmental impact: climate change, biodiversity, smell) (Table 1).
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For detailed analysis of eco-efficiency only energy use, inputs for production, production
of agricultural products, emission groups (GHG emissions, emissions to water and air) and
environmental impact on climate change were used.

Regression analysis was used for evaluation of the relationship between GHG emissions
and production of agricultural products or other parameters.

Firstly, the regression analysis is used to identify the strength of effect that the independent
variable has on a dependent variable.

To calculate linear regression, the following equation (Eq. 2.7) was used:

y=a+bx 2.7)
where
x — the explanatory variable,
y — the dependent variable.

The slope of the line is b, and a is the intercept (the value of y when x = 0). The regression
analysis was conducted in this order:

1. the law of distribution of the dependent variable magnitude in the reduction of GHG

emissions was verified,

2. aregression equation was determined, using the least squares method,

3. statistical analysis of results obtained was conducted.

When selecting the model for the analysis, another important consideration is the model
fitting and estimation how independent variable explains variance of the model (typically
expressed as R?). With the aid of correlation coefficients, this study evaluates how precise
mathematical models describing correlation proximity are. It is commonly accepted that
correlation is good if coefficients are from 0.8 to 0.9. It must be noted that computer programs
for statistical analysis usually calculate the square of the correlation coefficient. If the R? value
is multiplied by 100, then a magnitude (as a percentage) is acquired, which describes the
changes in dependent variable magnitudes gained from empirical equations to be analysed. For
example, R? = 0.9 indicates that the equation of the regression to be examined describes 90 %
of changes dependent random magnitudes.

2.2. Theory-based evaluation

The part of the research focusing on the agriculture sector GHG emission mitigation
possibilities using the theory-based methodology. The main task of theory-based methodology
is evaluation of reaching of determined target according to legislation taking into account the
selected indicators together with different GHG mitigation measures, and if these determined
targets are achieved, then indicators can be added to the indicator list for use in GHG mitigation
measures. Then, evaluation of normalization and weighting of the indicators by experts were
done, and finally, these indicators for evaluation of GHG emissions mitigation measures were
used. To achieve the second objective of this Thesis, analyse of existing indicators based on the
literature review is used for evaluation of impacts of agriculture on environment, to propose a
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tool with a set of indicators for assessment of GHG emissions mitigation measurements, and to
assist stakeholders in decision making regarding production of agricultural products with a high
added value. The basic methodological framework concept is shown in Fig.2.2.

An indicator is a parameter that, as a data element or combination of data, displays
information about the relevant situation and can be used to make assessments of the situation,
as well as help to make a decision against a reference point, and can be used as an evaluation
function and assess objectives [130]. The indicators do not only show current conditions or
trends, but also provide an understanding of how activities affect different dimensions of
sustainability - economic, environmental and social [131].

Agni-environmental GHG emissions GHG emissions mitigation
indicators databaze technologies and practices
I
¥
Calculation of GHG
emissions indicator

T
L -

Calculation of GHG
emizsions mitigation
measures mdicator

GHG emissions
target according to
the legislation

Havetargetsof
GHG emissions
been achieved?

Indicatorcan be added to GHG emissions mitigation
measures indicators fist

l

Normalization and weighing ofthe indicators by
experts

!

Nommalizes and weighted values of the indicators for
evaliation of GHG emissions mitigation

Fig.2.2. Methodological framework of selection and evaluation of indicators for GHG
mitigation measures in the agriculture sector

2.3. Carbon balance analysis

A carbon balance analysis based on a life cycle approach was used to assess the overall
environmental impact of maize production for biogas production at farm level, which included
the following calculations: GHG emissions from maize silage cultivation due to tillage, mineral
nitrogen fertilizers and fuel use in heavy machinery (both in the process of growing maize, in
the process of preparing the substrate for biogas production, and in the process of incorporating
digestate into the soil); emissions collected due to the photosynthesis process; emission leaks
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from biogas production process; emissions from the use of maize digestate fertilizer; and
emissions saved from the mineral fertilizer replacement with digestate.

Specific international standards ensure methodology for calculating carbon emissions,
depending on the research aspect (for example for farm, national level). IPCC methodology for
GHG emissions calculation is the most used and globally accepted. The IPCC guidelines are
used for the preparation of national GHG inventories as well, where with the common and
simple methodological approach is possible to evaluate emissions from a human activity which
takes place, taking into account coefficients called emission factors (EF) that quantify emissions
or removals per unit activity.

Each sector includes separate categories (e.g., agriculture) and sub-categories (e.g., soils).
As a result, countries create a total GHG inventory from the sub-category level as this is
approach how IPCC methodologies are constructed, and national total emissions calculated by
summing up emissions and removals for each gas. According to the UNFCCC Decision
24/CP.19 [27] the 100-year time-horizon global warming potential (GWP) values from the
IPCC Forth Assessment Report [101] must be used to report aggregate GHG emissions and
removals (expressed in CO; equivalents) in GHG inventory.

The IPCC software, including EF for sources and sinks can be used on national level as well
as in the individual models. Globally, there are available several databases for EF, among which
is the IPCC [132]. GHG Protocol developed by the World Resources Institute and World
Business Council for Sustainable Development is the most used standard for organizations and
businesses, considering all three emission levels possible to be generated. In case of products
methodologies, none of these has been sufficiently tested to determine its global applicability.

In Thesis, to assess the carbon balance at the individual farm level, emissions were
calculated according to the 2006 IPCC guidelines for preparing national GHG inventories in
combination with assumptions from scientific articles and sectoral experts. The basic equation
(Eq.2.8.) is following [32]:

Emissions = AD X EF 2.8.)
where 4D — activity data,
EF — emission factor.

To calculate emissions from fuel consumption, data from an agricultural farm in Latvia
were collected. It is important to note that the results of the calculations may differ, if a more
detailed calculation is made, considering factors such as soil consistency and the technologies
used, off-road vehicles and other machinery efficiency and other indicators. It should also be
emphasized that the more efficient techniques and methods are used, the lower emissions from
maize production process are made.

First, the number of times specific off-road vehicles and other machinery - tillage techniques
that use diesel fuel and the tons of diesel fuel consumed per 1 ha of the particular activity by
off-road vehicles and other machinery were collected to an indicator of how many tons of diesel
needed per hectare and how many tons of diesel fuel are consumed per year to process 1 ha of
biogas maize fields. In turn, knowing the area of land that was used to grow the maize substrate
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for biogas in the given year, can provide an indicator of all year’s fuel consumption for biogas
maize cultivation per ha (Table 2.1).

Table 2.1

Diesel Fuel Consumption to Produce Maize for Biogas Production

Times Fuel needed, t Fuel needed, t | Area, | Fuel consumed over
ha™! at a time ha™! ha the area, t yr!
Ploughing 1 0.025 0.025 1343
Shuffle 1 0.008 0.008 44.8
Cultivation 1 0.007 0.007 40.3
Sowing 1 0.007 0.007 35.8
jon +
Plant protection 3 0.006 0.017 94.0
microelements
Shredding 1 0.029 0.029 5382 156.7
Fertilizer application 3 0.004 0.012 67.2
Transportation
1 0.016 0.016 85.4
field-farm
Compression 1 0.031 0.031 167.9
Picking from the pit, 1 0.017 0.017 89.6
pouring, dumping
Incorporation of 1 0.015 0.015 80.6
digestate into soil
In total - - 0.185 996.7

By finding out the lowest combustion heat of diesel fuel, it is possible to obtain consumed
energy for field treatment [30]. But, knowing the energy consumed in the process in field
cultivation as well as using EF from the 2006 IPCC guidelines, it is possible to obtain the result
in terms of tons of emissions from the use of fuel [32]. By determining the annual emissions,
indicator — emissions from the processing of 1 ha of maize used for biogas production — is
calculated.

During the special cultivation of maize, fuel is not the only source of emissions, it is also
caused by the incorporation of crop residues into the soil, as well as the use of nitrogen
fertilizers and digestate.

N20 emissions from managed soils were calculated using the Tier 1 methodology
according to 2006 IPCC guidelines, including default emission factors [32]. For direct N,O
emissions calculation from agricultural soils management, the Equation 2.9 was used.

N,0 — N = [(Fsy + Fcg) X EF], 2.9)

where
N>O—-N —direct NyO-N emissions from N inputs to managed soils, kg NoO-N yr';
Fsy — the amount of nitrogen in the fertilizer applied to the soil, kg N yr!;
Fcr— N —the amount of maize residues entering the soil on an annual basis (above and
below ground), kg N yr!;
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EF —N>O — emission factor from N inputs, kg N2O-N kg~! N input (0.01).
Equation 2.10 was used to convert kg N2O-N emissions to N2O emissions:
N20 = N0 — N x 44 x 28. (2.10)

One of the calculation parameters for estimating the direct N2O emissions from the use of
N in managed soils is the amount of pure nitrogen fertilizers per year. In order to calculate the
data on the required inorganic fertilizers in the soil at farm level, the national standard [133]
were used, which states that a maize yield of 31.8 t ha™ requires 0,1 t ha™ N fertilizers.

Yield N per year is calculated (Eq. 2.11) according to the Tier 1 methodology of the 2006
IPCC guidelines:

Fcp = Yield X DRY X Fracgepew X Area X Ry X Ny X Area X Rpg X Npg
(2.11)

where
Fcr—N  —the amount of maize residues entering the soil on an annual basis (above and
below ground), kg N yr!;

Yield — harvested maize yield (kg fresh maize yield ha');

DRY — dry matter part of harvested maize, kg dry matter (kg fresh weight) ~';

Fracrenew — total area of maize;

Area — the total part of the area harvested for maize (ha yr');

Ric — terrestrial, surface residue solids (AGpwm) and maize harvest (Crop), (kg dry
matter kg~! dry matter);

Nic—=N — surface plant residue content in maize, kg N (kg dry matter) ~';

Rpc — the ratio of underground residues to maize yield (kg dry fraction kg~' dry

fraction), calculated by multiplying Rgg-io by the total aboveground biomass to
cereal yield ratio (Reg = [(AGpm % 1000 + Crop) / Crop)];
Ns—the N content of underground residues of maize, kg N (kg dry matter)~' (0.007) [134].

To calculate the annual production of crop residues F¢g, the following calculation (Eq. 2.12)
is required:
__ AGpmx1000

Rac =—(rop (212

as well as additional equation (Eq. 2.13) to estimate terrestrial surface solids AGpm (Mg ha™)
[32]:
Crop

AGpy = (m) x slope + intercept. (2.13)
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And the correction factor for estimating the dry matter yield is determined as in Equation
2.14:

Crop = Yieldpyesp X DRY (2.14)

where
Crop — harvested dry yield fraction T, kg dry matter ha™;
Yield presi — part of fresh harvest T, kg fresh fraction ha™;
DRY — dry matter fraction of harvested crop T, kg dry fraction, (kg dry fraction)™[32].

Although the use of digestate in field fertilization reduces emissions compared to synthetic
fertilizers, digestion of soil with digestate also generates GHG emissions [135].

The results of analysis obtained from the farm producing biogas from maize indicate that
the N content of the digestate fertilizer is on average 3.8 kg t™.

By knowing the N content of the digestate and the tons of digestate obtained, digestate
fertilization emissions were calculated by equation from the 2006 IPCC guidelines.

When looking at emissions from the biogas production process, it should be considered that
although biogas is produced from maize, which is a renewable resource and recovers the carbon
emissions that the plant has absorbed during its growth process, emissions from the biogas
production process are taken into account.

Based on the scientific article emission leakages account for 1 % of biogas losses in biogas
production, which includes both the 52 % methane in it and the remaining 48 %, which is
assumed to be carbon dioxide [136], [137].

Although GHG emissions result from field cultivation during maize cultivation, maize
growth involves photosynthetic processes that sequester CO> from the atmosphere. In order to
calculate the amount of CO> captured in a certain area of biogas maize, the amount of dry matter
is multiplied by the CO2 removal factor [138].

2.4. Multi-criteria decision analysis

Multi-criteria decision analysis (MCDA) is used to solve problems and evaluate the best
possible solution. MCDA is the use of computational methods that include a number of criteria
and a sequence of benefits for evaluating and selecting the best option among many alternatives
based on the desired result. It consists of goal, decision maker's preferences, alternatives,
criteria and outcomes [139]. At first define problem with alternatives, then find criteria which
describes alternatives. After that find values for criteria and weights and use MCDA method to
find best alternative for problem.

Because of the opportunity to easily compare different alternatives, TOPSIS method that
solves the problems by ranking alternatives from distance from positive ideal solution and
negative ideal solution was used. MCDA allows for the assessment and prioritization of
different technologies from technical, ecological, economic, and social perspectives. The
MCDA method focuses on decisions influencing local problems. An analysis of the structure
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of the problem under the study is crucial for understanding the causes of the system’s behaviour
and in determining an action plan for managing the situation.

Within the MCDA, the choice of the criteria categories is crucial, because a quantitative
evaluation must be carried out in relation to reference indicators provided.

The TOPSIS calculation framework is based on seven main steps [140] such as demonstrate
a performance matrix, normalize the decision matrix, calculate the weighted normalized
decision matrix, determine the positive ideal and negative ideal solutions, calculate the
separation measures, calculate the relative closeness to the ideal solution, rank the preference
order.

The basic element of the TOPSIS analysis is a data matrix, where evaluation criteria are
represented by Xx1,X2, .., Xj,....Xn (Eq. 2.15):

X, X, X, X

J n
[k k k k)
A xy oxy o Xy X
k k k k
Ay xy xy Xyj o ot X,
: (2.15)
Al Xt k k k
| X Xa Xy Xim
k k k k
Arl 7'xnl an o xnj '“ xnm B

After compiling the matrix, the data are normalized using the following methodology (Eq.
2.16):

Xij
ny; ==L (2.16)
Y JEﬁlxiZ]-

where
x;j— criteria value.

Next step is weighted normalized decision matrix values (vij) calculation from equation
(Eq. 2.17).
vij = wing;, (2.17)
where
wj — criteria weight,
njj— normalized matrix value.

Then defining the ideal and non-ideal solution for each criterion from equation (Eq. 2.18)
and equation (Eq. 2.19.) must be evaluated:
The positive ideal solution A" has the form:

(A" = maxv;;|jel),(A* =minv;;|je]) (2.18)
The negative ideal solution A~ has the form:
(A" =minv|jel),(A” = maxv|je]) (2.19)

where
1 —is associated with benefit criteria and J with the cost criteria [152].
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The next, the separation measures from the positive and negative ideal solutions have to be
calculated according to equation (Eq. 2.20) and equation (Eq. 2.21).

df =[S0 (v —vH2,i=12,..m (2.20)

dl_ = Z}L:l(vi,' - U;’)Z ,i = 1,2, ..m (221)

il

After finding the di” and di — values, the relative closeness of the i-th alternative Aj with
respect to A" (closeness of each alternative for ideal solution) is defined according to equation
(Eq. 2.22.):

Y
T ar+at

(2.22)
wherei =1, 2, ....,m [141].

As final step - Output: best alternative is with highest closeness.

Multi-criteria analysis was carried out to determine the potential of Latvia’s biogas
sector, to predict the best feedstock depending on the resources available in the country and
which of the substrates has the highest potential and sustainability for biogas production.

The Thesis compares 8 substrates with 3 different parameters — economic feasibility,
environmental friendliness and technological aspect — efficiency. The following raw
materials were analysed: cattle manure, pig manure, poultry manure, sewage sludge, organic
waste, wood, straw, and maize silage.

The year 2017 was used for data collection, and multi-criteria analysis does not take into
account the size of the farms, which is related to the actual number of livestock, manure
collection technology and the transportation distance from the raw material extraction site
to the biogas plant.

For the purpose of multi-criteria analysis, the efficiency of different feedstocks in terms
of yield, i.e., how many cubic meters of biogas can be obtained from a ton of a given
feedstock was analyzed. The efficiency of raw materials was determined as an average value
[142], [143].

To determine the importance of using a particular substrate in the production of biogas,
data was collected on how many emissions could be eliminated altogether, thus
approximating the proportion of their availability and importance, and environmental
impact depending on the amount this material is produced in one year and taking into
account its emission factor. To calculate the amount of GHG emissions that could
potentially be avoided both N2O and CH4 emissions were expressed to CO2 equivalent [27].

In order to determine the most important criteria, a survey and an expert judgment was
carried out among different experts in the field of biogas production. As a result, the most
important criteria were impact on climate and efficiency with 35 % for each, the
technological aspect was less important only —5 %.
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To evaluate the potential of manure for biogas production, a summary was made, which

is shown (Table 2.2), to summarize the amount of specific livestock manure and emissions

in Latvia in one year.

Table 2.2

Characteristics of livestock numbers and emissions from manure management in 2017 [144]

) Other
Mature dairy . .
mature Growing cattle Pig Poultry
cattle
cattle
Population size
150.4 77.5 177.9 320.6 4943.8
(thousands)
CHj emissions (kt) 2.60 0.15 0.20 0.79 0.07
CH. emissions 65.00 3.75 5.00 19.75 1.75
(kt CO» eq.) ’ ’ ’ ’ ’
N:O emissions (kt) 0.11 0.01 0.02 0.02 0.01
X —
20 emissions 3278 2.98 5.96 5.96 2.98
(kt COz eq.)
GHG emissi i
CImISsions I 97.78 6.73 10.96 2571 473
total (kt COzeq.)

Since the information about livestock population and emissions for 2017 is available, it
is used for the analysis. Table 2.2. shows that although poultry has the highest numbers,
CH4 emissions from cattle are the highest and to use them for biogas production would be
more significant, if only by looking at annual emissions, because altogether cattle emissions

reach 115.47 kt COzeq./year. Pig manure is also a very important resource, although the

number of pigs is 21 % lower, emissions emitted are still significant.

Domestic and industrial wastewater emissions are calculated and shown in Table 2.3.

Table 2.3
Domestic and industrial wastewater emissions
Wasts t
astewater ; CH, N0
dry content organic L. L. N:0 L. In total
CHsemissions | emissions . emissions
and product emissions (kt CO;,
. . (kt) as CO; eq. as COzeq.
emissions in (k) (kt) (kt) eq.)
2017 [29] DClyear)
Domestic
wastewater 4271 3.16 79.00 0.11 32.78 111.78
Industrial
wastewater 0.07 1.75 0.00 0.00 1.75

Methane emissions from solid waste are shown in Table 2.4. In total both, managed and

unmanaged waste disposal sites emit 403.50 kt CO» equivalent per year, because of the

organic waste in disposal sites. This problem could be partly overcome by changing the
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shopping and eating habits of population, thus reducing the amount of food thrown away.
However, such a shift in behavior takes a long time, and until it is successful, this “waste” can
be used effectively in biogas production, because it is creating the largest emissions of all
analyzed raw materials in this research.

Table 2.4

Annual solid waste emissions in 2017 at the waste disposal sites [144]

— CH emissi
Annual waste (kt) CH, emissions (kt) (k: (e:rg:zz;ls
M d waste di 1
fanaged waste disposa 230.62 10.55 263.75
sites
L{nmanagfzd waste B 5.59 139.75
disposal sites

2.5. Combination of Delphi approach and MCDA

One of the aims of this study is to develop a methodological approach for estimating
GHG emission reductions to assess progress towards result-based agriculture and to
contribute to climate goals. Therefore, the combination of the Delphi method and multi-
criteria analysis is used as a methodological concept to achieve the goals for Tasks 5 and 6.
(Fig.2.4).

Survey
(First round)

Analysis of
result

Feedback

Multi
criteria
analysis

Feedback

Survey
(Second
round)

Analysis of
fgﬁi? ° Feedback

Fig.2.4. Scheme of the used Delphi technique and TOPSIS for analysis

The Delphi approach was used to get an expert opinion regarding existing and planned
policies and measures for GHG emission reductions in the agriculture sector. The aim of
the method is to collect the opinions and judgments of experts about issues in terms of
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possibilities in the future, likelihood and usefulness of implementation [145]. The approach
of the method — the opinions of the experts are summarized in a process of communication
by a planned group [146]. The method of Delphi is formulated on the idea that future
predictions from a planned group of individuals are more precise if compared to unplanned
groups [147]. The main characteristics of the Delphi method is that experts can remain
anonymous, management of the survey is organized in several rounds, and feedback can be
sought from the experts. Experts were selected according to their competences. Nineteen
GHG reduction measures for WEM and WAM scenarios were included in the survey. These
measures are taken from Latvia’s latest submitted fourth biennial report [148] to the
UNFCCC and from Latvia’s NECP [2]. Each of the experts was asked to assess these
nineteen  mitigation  measures from an  economic, engineering-technical,
environmental/climate and social aspect.

The initial input of the experts is in the form of answers to the questionnaire and their
comments on these answers. The questionnaire was sent to 25 experts with knowledge on
the issue. The experts were asked to prepare their own opinion/prediction. All participants
remained anonymous. 18 experts answered the questionnaires in two rounds. The experts
also provided answers and additional descriptions and judgments.

Between these two rounds of the survey, a MCDA was performed (Fig.2.5) that allows
for the prioritization and assessment of different measures from the economic, technical,
environment/climate and social perspective. It is stated by Pubule, et al., that MCDA
generally includes a weighted set of criteria [149]. To assess and find the most optimal
scenario, TOPSIS was used, which was made by Hwang and Yoon [150]. The goal of this
approach is to help in making a decision by grouping alternatives according to how they fit
in with the best solution [151]. A more detailed description on the MCDA TOPSIS method
is provided in chapter 2.4.

Goal setting and criteria
selection

Defining the context Available options

Determination of values Measurement of criteria

by calculating the in order to determine the

average weight and relative importance of
results each of them

Fig.2.5. Steps for Multi-Criteria Decision Analysis

Additionally, experts were asked to consider the replies of the first round and the
answers of other experts to get an overview/opinion regarding future projections for the
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most appropriate measures for GHG reduction and for a move to smart agriculture, where
the efficient use of resources is one of the main goals.

A set of scenarios WEM and WAM policies and measures implemented, adopted and
planned in Latvia’s BR4 and NECP 2021-2030 focuses on developing programs and
implementing measures on farms in different clusters, to reduce GHG emissions from the
agriculture sector. The following key policies and measures were reported in Latvia’s BR4
[148]:

increased land area of organic farming,

e legumes growing,

e support for advancing precision farming technologies and livestock feeding

practices,

e promoting the reduced use of nitrogen fertilizers, including biogas production,

e maintenance of amelioration systems.

As the trend of GHG emissions from the agriculture sector shows an increase of
emissions, the NECP address the following actions to solve this problem:

e measures to promote the precise and efficient use of fertilizers,

e direct injection of slurry in soil,

e measures to improve soil fertility — maintenance of drainage systems,

e nitrogen sequestering crops as a part of crop rotation, under sowing grass,

e green fallow,

e measures that improve animal nutrition — improvement of feed quality,

e feed ration planning,

e measures to improve manure management systems — promotion of biogas

production; organic dairy farming [152].

Unfortunately, it is observed that a budget is not provided for all planned measures,
therefore the implementation of these measures may be jeopardized. The research of the
Latvia University of Life Sciences and Technology related to GHG reduction measures has
been used to determine appropriate additional measures and policies for the national
agriculture sector within the framework of the NECP [2], [154].

Popluga D., Naglis—Liepa K. indicate that beneficial management practices are one of
the globally most recognized methods to evaluate GHG emission potential and applied this
approach to determine the following measures as the most appropriate — introduction of
leguminous plants on arable land, nitrogen balance, lengthened grazing season, strategies
of feeding, production of biogas [155-156]. To evaluate the more eligible GHG emission
decreasing measures for Latvia, a marginal abatement cost curve (MACC) was used [157].
Below are reflected short descriptions of some of the GHG reduction measures and policies
for WEM and WAM scenarios for the agriculture sector according to Latvia’s BR4 and
NECP [148], [2]:

— Use of precision agriculture technologies in farms for crop growth to reduce use of
nitrogen — related with the use of nitrogen fertilizer reduction and thus reduction of
nitrogen leaching and run-off. This measure reduces nitrous oxide emissions from
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agricultural soils,

Promotion of precision cattle feeding approach, including feeding plan development
and support the use of good quality feed for increasing digestibility — the aim of this
implemented measure is to contribute to the use of good quality food for livestock
thus decreasing methane emissions and increasing digestibility,

Introduction of leguminous plants on arable land — related to the use of pulses as
fodder and manure in the rotation of crops and thereby contributing to the use of
nitrogen fertilizer reduction. This measure could reduce emissions of nitrous oxide
from the use of inorganic N fertilizers and organic N fertilizers. Financial support is
provided for the implementation of this measure according to national legislation,
Management of nitrate vulnerable territories — related to the restriction of nitrogen
usage and thus nitrogen leaching reduction as well as protection of water pollution
from nitrates,

Water and soil protection requirements from pollution-related nitrates — measure to
restrict nitrogen usage and reduce nitrogen leaching. This measure reduces indirect
N20 emissions from managed agricultural soils,

Crop fertilization plans in vulnerable zones — measure for farmers in highly
vulnerable areas who have an area of 20 and more hectares and grows potatoes,
vegetables and are required to document the field history for at least three years if
fertilizers are used.

Requirements for manure storage and spreading — related to requirements of manure
storage outside the animal shed and is for farms in vulnerable territories,
Maintenance and modernization of amelioration systems on agricultural land —
measure reduces indirect N2O emissions from N leaching and run-off from
agricultural land and is used for implementation in croplands on mineral soils,
where, due to unfriendly circumstances, are not easy to get high yields, especially in
the spring time, which are induced by drainage systems wearing. Financial support
for renovation of a drainage system is made according to established national
legislation. Modernization of amelioration systems on agricultural land is planned
to increase arable land area with improved and maintained amelioration systems,
thereby reducing nitrogen leaching and run-off from agriculture land,

Promotion of biogas production — measure for usage of bioresources (mainly or only
manure) to produce biogas which is used to generate electrical and/or thermal
energy. By implementing this measure, the manure is efficiently used, the odor is
reduced, and a high-quality fertilizer called digestate is obtained,

Organic farming land area increase — related to methods of farming with inorganic
nitrogen fertilizers use reduction and leaching, increased biodiversity and
environmentally favorable impact on nature,

Extensified crop rotation — related with use of green manure in rotation of crops and
promoting organic dairy farming. The main aim of the measure is to promote
transition of small and medium-sized conventional dairy farms to the organic
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farming system, thus facilitating low emission dairy farming,

— Support for fertilization planning — the main aim of the measure is to expand arable
land and increase the number of medium-sized crop and livestock farms where
fertilization planning and practical implementation that is based on knowledge about
agrochemical properties of soil has not been done previously,

— Promote inclusion of leguminous plants in crop rotation for nitrogen fixation — the
main aim of the measure is to expand arable land and increase number of farms
where leguminous plants are included in crop rotation thus contributing to
atmospheric nitrogen fixation and reduction of application of inorganic nitrogen
fertilizers,

— Promote and support for precision application of inorganic nitrogen fertilizers —
related to expanding arable land and increasing number of farms where precision
technologies for application of inorganic nitrogen fertilizers are used in the planning
of fertilizer schemes and spreading,

— Promote and support for direct incorporation of organic fertilizers into the soil
(using specific technology) — related to expanding arable land where organic
fertilizers are directly incorporated into the soil thus promoting more efficient use
of organic fertilizers,

— Promote feed ration planning — related to increased number of cows the feed rations
of which are balanced for reduced crude protein level without loss in milk
production,

— Promote improvement of feed quality — related to increasing the number of cows who
are fed with feed (in this measure special attention is paid to hay, hay silage, grass
silage) with high digestible energy (i.e. digestible energy is more than 68 %),

— Promote biogas and biomethane production and biomethane use — related to ensure
the installation of biogas production and biogas purification (biomethane
production) facilities on farms that have not yet had biogas production and
purification facilities,

— Support the development of innovative technologies and solutions to promote
resource efficiency, GHG reduction/CO; sequestration in agriculture — measure
whereby support will be provided for the development of the new technologies and
innovative solutions for GHG emission reduction and increase of CO2 removal.
Unfortunately, the financial source is not indicated.

2.6. Combination of comparative and multi-criteria decision
analysis

The Thesis used a combination of comparative analysis and MCDA TOPSIS to evaluate the
GHG emission trends, including possible mitigation measures in the Baltic States and possible
alternatives of cereals, to assess the highest added value of using the product from the
perspective of climate neutrality and sustainable agriculture.
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In the first part of the study, the available literature has been examined as well as the
comparative analysis method to assess the GHG emission trends and mitigation measures for
soil management. As the management of agricultural soils forms the most significant part of
GHG emissions, it was analysed based on GHG inventories and using the fourth biennial reports
[148], [158], [159] submitted by the Baltic countries to the UNFCCC.

In the second part of the study, the literature review was first carried out [160], [162]. Based
on the review, a questionnaire was developed to evaluate the use of cereals and straws for 4
groups of products (food, pharmaceutical, straw products, and transport).

Then, a survey was developed and sent to respondents electronically with a request to
provide an assessment of use of cereals and straw. Ranking matrices were created within the
questionnaire, where alternatives had to be assessed according to criteria to obtain the
evaluation for each cereal and straw product. All respondents provided their assessment
considering the significance of each bar, from 1 to 5, where the rating "1" had the lowest weight,
but the rating "5" was the bar with the highest rating.

Following four aspects were selected: 1) availability of technology and efficiency, 2) cost-
effectiveness and sustainability, 3) impact on the environment and climate change, 4) socio-
economic aspect.

Participants for the survey were selected based on their experience and knowledge of the
sector. The questionnaire was sent to 20 sectoral experts, and responses were received from all
the respondents. In order to achieve a maximum response from respondents and to provide
qualitative assessments, the survey was not publicly posted on a social networking platform,
but sent in person to respondents. In the questionnaire, 25 grain products were selected and
divided into three groups — food products, pharmaceutical products, products used for transport,
and 7 straw products that were split into a separate group. The following grain products were
selected - grains for export, flour, bread, pasta, noodles, groats, pearl barley, muesli, bars,
gluten, starch, alcohol, kvass, beer, coffee, oil, ethyl alcohol, antioxidants, vitamins, minerals,
lignans, proteins, bioethanol, biogas, biohydrogen. The selected straw products included litter
in barns, granules, fibers, disposable tableware, drinking straws, reusable tableware, bioplastic.

Once the assessments have been obtained, a MCDA was performed using the TOPSIS
method for all selected factors that is one of the most used methods in working with MCDA
and allows to easy compare different alternatives. Analysis of the results based on MCDA
TOPSIS were carried out in two steps to determine the best alternative for each of the product
group separately, then, after the alternatives with the highest single variation ratio in each
product group had been obtained, additional MCDA analysis was performed to determine the
leading alternative.

The evaluation process is presented in Fig. 2.6.
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‘ Part 1 ‘ Part 2 ‘

‘ Literature review ‘ Literature review ‘
I
1
‘ Comparative analysis ‘ Survey/questionnaire ‘
1
Evaluation of mitigation Ranking of food and straw
measures products into four product groups

Based on results from ranking
matrix survey
MCDA TOPSIS was used to
evaluate the best alternative for
each product group

MCDA TOPSIS for evaluation of
leader alternative considering all
groups

Fig. 2.6. Framework of methodology

3. RESULTS

3.1. Empirical model for evaluating eco-efficiency

To begin with, an eco-efficiency assessment was performed. Mainly data from the CSB and
Latvian Environment, Geology and Meteorology Centre (LEGMC) were analysed, as they are
the main data sources for official reports of Latvia submitted to different international
institutions. The data is presented mostly at national and regional level. For this study mainly
the activity data regarding economic activities of agriculture in 2000-2014 at national level
were used, but in some cases in 1990. Data on GHG emissions were taken from national annual
GHG inventories reported within the framework of the UNFCCC [163]. Other activity data
were used from the databases of LEGMC. It was concluded that full data set at farm level
regarding agriculture emissions is not available. In some cases, data are not disaggregated
enough. Regression analysis was used for the relationship assessment between the GHG
emissions and product production and other parameters.

The results of calculation of the chosen indicators for eco-efficiency evaluation in
agriculture sector are summarised in Figs. 3.1-3.4.

First, energy intensity was analysed (Fig.3.1.) where noticeable data fluctuations can be
observed, which can be explained with lack of data correlation between the fuel consumption
and GDP. The linear graph shows amount of fuel used in sector corresponding with sector GDP.
For example, in 2001, compared to 2000 the amount of fuel used in the sector increased by 9.3
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%, which was similar to GDP that increased by 8.9 % in the same time period, but in 2001—
2002, the amount of fuel used in the sector decreased by 7.1 % and GDP sharply decreased by
13.5 %. Similar situation can be observed through whole time series. Most significant
deflection from the trend-line is in the year 2008 (9.3 %) and 2009 (-13.3 %) due to
inconsistent changes in fuel consumption and GDP. While in 2007-2008 fuel consumption
dropped by 16.3 %, for GDP it was only —6.6 %, similar situation with 2007-2009 when fuel
consumption decreased by 10.5 %, while GDP increased by 5.3 %. In these years, Latvia went
through economic crisis that left noticeable impact in all sectors not only agriculture. Also, one
of the most used fuels in agriculture sector is diesel oil (~60—-80 % from the total consumption)
that has a large statistical difference due to illegal import from neighbouring countries. At the
same time, when economic situation was stabilized in the country, energy intensity stabilized
as well. The trend of energy intensity is negative linear, which means that energy saving
technologies are used.
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Fig.3.1. Energy intensity MJ/GDP

Secondly, CH4 and N>O emission intensity in the agriculture sector were analysed (Figs.
3.2-3.3). A close correlation between CH4 emissions and livestock production — output of meat
and milk have been observed, while in the crop production a weak correlation between the
production of grain, potatoes and vegetables, and the amount of nitrogen oxide emissions have
been noticeable. The reason for that could be the fact that total NoO emissions include the
emissions from management of organic soils and pasture that are not directly related to the crop
production. Essential elements in the production of crops are consumption of nitrogen fertilizers
as well as use of organic fertilizers, which more accurately show relationships between the crop
output and emissions of N2O.
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Overall analysis of the eco-efficiency in the agriculture sector is presented in Fig.3.4, where
total GHG emissions, GDP, used energy consumption, use of agricultural area, crop production
and other parameters in the sector are included. As it can be seen in Fig.3.4, GHG emissions in
agriculture sector (~28 %) and GDP (~48 %) have growing tendency from 2000 till 2014, but
it is important to point out, that GHG emissions mainly have been increasing due to the
application of N fertilizers to soils and management of organic soils. And the use of N fertilizers
has been weakly correlating with crop yields — it means that the consumption of N fertilizers is
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growing, but crop yields do not grow accordingly in the period used for analysis, especially in
2009-2011. This graph explains the weak relationship between the N>O emissions and
production of crop products mentioned above. It can be seen that there is a significant increase
in use of nitrogen fertilizers, but the crop output growth is ambiguous, perhaps it could be linked
to the impact of agro-meteorological conditions.
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Fig.3.4. Changes (%) of main indicators in agriculture in 2000-2014 (2000=1)

Water use data [164] shows that it has a strong tendency to slowly decrease, and it can be
explained by more efficient use of water. Some outliers of data (for years 2009 and 2011) seem
to be caused by insufficient quality of data.

3.2. GHG emission reduction model

To propose a tool with a set of indicators for the assessment of GHG emissions mitigation
measurements for agriculture sector the theory-based analysis was performed; first, available
agri-environmental indicators were analysed, then mitigation measures and their effect. The
goal of the proposed set of indicators is mostly meant for decision makers to estimate the
agriculture development options and to evaluate the sustainability of agriculture proposals and
production of agriculture products with high added value. It is also important to evaluate a
comprehensive set of indicators in order to assess the actual impact on the results of the first set
of indicators selected.

Indicators used for evaluation of GHG emissions from agriculture

The EC has developed 35 agri-environmental indicators for assessing impacts of agriculture
[165], [166]. From these indicators 11 indicators (Table 3.1) are set as relevant to the assessment
of agriculture in relation to climate change and air quality: mineral fertilizer consumption,
energy use, cropping/livestock patterns, farm management practices — manure management,
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atmospheric emissions of ammonia from agriculture, emissions of CHs and N>O from
agriculture, share of agriculture in GHG emissions, area under agri-environment support,
regional levels of good farming practice, regional levels of environment targets and production
of renewable energy.

Table 3.1

Agri-environmental indicators

Indicator

Parameter, unit

Mineral fertilizer consumption

Application rates (kg/ha of N and P)

Energy use

Total direct energy use at farm level kgOE per ha per
year

Cropping/livestock patterns

Share (%) of main agricultural land types (on total
UAA. Total livestock density (LSU/ha of utilised
agricultural area (UAA))

Farm management practices — manure management

Share of holdings with livestock which have manure
storage facilities in total holdings with livestock
Share of holdings with livestock which have manure
storage facilities in total holdings with livestock

Atmospheric emissions of ammonia

Ammonia emissions (kilotons per year)

Production of renewable energy

Share of primary energy production of renewable
energy from agriculture and forestry to total energy
production

GHG emissions

CO; equivalents (kilotons per year)

Emissions of methane (CH4) and nitrous oxide (N2O)

kilotons per year

Area under agri-environment support

ha

Regional levels of good farming practice

Regional levels of environment targets

Mitigation of GHGs emissions related to agriculture consist of following categories,

depending on the underlying mechanism:
e Decrease in emissions;

Avoiding (or displacing) emissions [167], [169].

GHG emissions from agriculture are associated with certain concerns, therefore the

evaluation of GHG mitigation measurements can be challenging [168]. This makes consensus

difficult to analyse performance of EU Member States in intensity of emissions.
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Table 3.2

Mitigation measures [168]

Field

Mitigation effect

Cops and farming system management

Reduction of GHG emissions
Reduces direct N>O and indirect N,O emissions

Fertilizer, manure, and biomass management

Reduction of GHG emissions

Soil management

Increases soil organic carbon, reduces GHG

emissions
Animal husbandry Reduces methane emissions per kg meat
Reduces emissions per kg output
Energy use Reduces fossil emissions

GHG emissions mitigation measurements assessment indicators

Indicators for the assessment of soil carbon level, closed nutrient cycles, consumption and

waste patterns, NoO dynamics, assessment of multi-functional farming systems, energy use,

and production of renewable energy were developed for the evaluation of the GHG emissions

mitigation measurements. In the Thesis, selected indicators were settled by reviewing literature

and based on the opinion of experts in this field. Six major indicators groups, consisting of a

combination of 11 agri-environmental indicators were used to evaluate the climate friendly

agriculture (including the assessment of GHG emission mitigation) and bioenergy development

options (Table 3.3).

Table 3.3

GHG Emissions Mitigation Measurement Indicator

GHG emissions mitigation
measurement indicator

Analysed changes in values

Agri-environmental indicator

Changes in soil carbon

Increase in soil carbon e Mineral fertilizes consumption

Closed nutrient cycles

Realise closed nutrient cycles in | ¢ Farm management practices —

agriculture manure management
e Atmospheric emissions of
ammonia from agriculture
Consumption and waste patterns Change consumption and waste | ¢  Cropping/livestock patterns
patterns
Nitrous oxide dynamics Reduction of N>O emissions e Emissions of CHs and N>,O

e GHG emissions




GHG emissions mitigation
measurement indicator

Analysed changes in values

Agri-environmental indicator

Multi-functional farming systems

Development of multi-functional

Area under agri-environment

farming systems support
e Regional levels of good
farming practices
e Regional levels of

environmental targets

Energy use and production

Increase production of
renewable energy
Decrease energy used at farm

level

Production  of  renewable
energy

Energy use

Criteria weights were determined by sectoral experts. Normalized and weighted values of
indicators for the evaluation of GHG emissions mitigation for agriculture sector are shown in

Fig. 3.5.
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Fig.3.5. Decision-making matrix

3.3. Carbon balance at individual farm level

For the analysis of cultivation of maize and GHG emissions related with it, the 2006 IPCC
guidelines and data about the amount of total cultivated maize from 2017 were used. According
to results, it is concluded that in 2017 GHG emissions are generated from the cultivation of
maize, which was used as a substrate for biogas production, in total 3.53 kt CO; eq.yr* to treat
it with heavy agricultural machinery. Knowing that 5382 ha of biogas maize were managed in
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2017, a result is obtained showing that 0.66 tCOz eq. ha™* per year of GHG emissions are
generated in the management of biogas maize fields with agricultural machinery.
Table 3.4 shows fuel emission indicators per 1 ha of cultivated maize area used in

calculations.
Table 3.4
Fuel emission indicators per 1 ha of cultivated maize area [32]
CO; emissions, CH,4 emissions, N0 emissions,

tha™t kg ha? kg ha™t
Ploughing 0.079 0.004 0.030
Shuffle 0.026 0.001 0.010
Cultivation 0.024 0.001 0.009
Sowing 0.021 0.001 0.008
Plant protection + microelements 0.055 0.003 0.021
Shredding 0.092 0.005 0.035
Fertilizer application 0.040 0.002 0.015
Transportation field-farm 0.050 0.003 0.019
Compression 0.099 0.006 0.038
Picking from the pit, pouring, dumping 0.053 0.003 0.020
Incorporation of digestate into soil 0.048 0,003 0.018

In total 0.588 0.033 0.225

In order to evaluate the total GHG emissions from fuel use, emissions were converted into
a CO; equivalents (CO2eq.). Table 3.5 shows the CO2 eq. emission indicators per 1 ha of biogas
produced from specially cultivated maize.

Table 3.5

Fuel Emission Indicators per 1 ha of Biogas Produced from Cultivated Maize [32]

CO, CH, emissions, N.O Total GHG
emissions, kg COzeq. emissions, emissions,
kg COs eq. ha™ kg COzeq. t COseq. ha™?

ha? ha™

Ploughing 79.28 0.11 9.04 0.09
Shuffle 26.43 0.04 3.01 0.03
Cultivation 23.78 0.03 2.71 0.03
Sowing 21.14 0.03 2.41 0.02
Plant protection + microelements 55.49 0.08 6.33 0.06
Shredding 92.49 0.13 10.55 0.10
Fertilizer application 39.64 0.06 4.52 0.04
Transportation 50.42 0.07 5.75 0.06
field-farm
Compression 99.09 0.14 11.30 0.11
Picking from the pit, pouring, dumping 52.85 0.07 6.03 0.06
Incorporation of digestate into soil 47.57 0.07 5.42 0.05
In total 588.16 0.82 67.06 0.66
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The obtained data show that the highest emissions per ha occur per year due to
harvesting and shredding to prepare maize for placing in the bioreactor, as well as due to
compaction. The lowest emissions occur during sowing. Total indicative emissions from biogas
production from specially grown maize per ha are shown in Table 3.6.

Table 3.6

Total Indicative Emissions from Biogas Production from Grown Maize in 2017 per ha [32]

Indicative emissions tCO; eq. ha™?
Fuel emissions 0.656
Crop residue emissions 0.443
N fertilizer emissions 0.468
In total 1.567

As a result, it can be seen that the highest emissions per ha are caused by the use of fuel to
perform all the necessary treatment operations with heavy machinery, which is almost 0.66
tCO2 eq. ha™t. Emissions from tillage with nitrogen fertilizers and crop residue incorporation in
soil after harvest are relatively similar, amounting to 0.468 tCO2 eq. ha™ and 0.443 tCOz eq. ha”
1. In total, indicative emissions from biogas production from specially grown maize creates
1.567 tCO3 eq. ha™.

The biogas production process produces a valuable by-product — digestate. It contains
significant amounts of nutrients that are suitable for enriching the soil [170]. The dry weight of
digestate from biogas production using only maize is approximately 58.22 % [171]. Digestion
of fields with digestate can indirectly reduce GHG emissions, for example, digestate from 1 ha
of maize green matter with a yield of 30 t ha! fully provides the required amount of potassium
fertilizer and saves 31 % phosphorus and 44—45 % nitrogen fertilizer [172], [173].

Accordingly, using a maize yield of 31.8 t ha™, it is possible to provide fertilizer for 1.06
ha of maize. As a total of 25 700 ha of maize was grown in Latvia in 2017, the use of digestate
is topical, as well as interviews with Latvian farmers conducted within the framework of this
Thesis revealed that unfortunately digestate for field fertilization is a shortage product, which
is why additional synthetic fertilizers are used [174], [175].

Using digestate fertilizer in tillage, 1.19 ktCO2 eq. emissions were saved in 2017, while
indicative emissions show a reduction of 0.22 tCO; eq. ha™.

Although the use of digestate in field fertilization reduces emissions compared to synthetic
fertilizers, digestion of soil with digestate also generates GHG emissions. The results of analysis
obtained from a farm producing biogas from maize indicate that the N content of the digestate
fertilizer is on average 3.8 kg t!. Assuming that the maize harvest in 2017 is 171,147.6 tons
and that the amount of digestate from the amount of mass fed to the bioreactor usually ranges
from 90 to 95 %, in 2017 158 311.53 tons of maize digestate were obtained, while knowing the
N content of digestate per 1 ton, it is obtained that the total N per 5382 ha of the whole maize
area was 0.60 kt [176]. Based on the Tier 1 methodology of the 2006 IPCC guidelines, it is
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estimated that digestate fertilization caused 2.82 ktCO: eq. emissions in 2017 indicating on
indicative emissions — 0.0005 tCO; eq. ha™t. The CH4 content of biogas produced exclusively
from maize silage is known to be 52 %, and the biogas yield per ton of maize is 202 cubic
meters, which allows to calculate both the total amount of biogas produced from maize
harvested in Latvia, which is 34 571 815.2 m> from 171 147.6 t maize [163]. At a 1 % biogas
leak in its production process in 2017, 2.63 kt CO2 eq. GHG emissions were released into the
atmosphere.

Despite the consumption of diesel fuel and emissions from the maize production process,
maize absorbs much more carbon than is produced during photosynthesis, thus, if 1% of biogas
leakage is assumed in its production process, as well as knowing by previous calculations that
34 571 815.2 m® of biogas can be obtained from 5 382 ha specially grown maize, its production
from specially grown maize can save 1.86 kg CO; eq. emissions per 1 m? of produced biogas
(in normal conditions, pressure 760 mm Hg).

3.4. Bioresources ranking at technology level

To evaluate the best raw material for biogas production, the MCDA TOPSIS model was
developed. To determine which feedstock is most economically advantageous for biogas
production, information on feedstock prices was collected. The largest advertisement portal
in Latvia was used to find out the price of manure, as well as straw and corn, which showed
that, on average, cattle manure is sold for 3 €/t, poultry manure for 2 €/t, but pig manure is
charged a very symbolic price of about 1 €/t [177]. Straw bales were found to weigh an
average of 0.45 t, but 1 bale is sold for an average of 7 €/piece, while 1 t of corn silage costs
50 € [177]. By making the calculations, 1 t of straw costs 15.56 €/t. A symbolic price of 1
/t was adopted for wastewater sludge. The price of organic waste was determined by
obtaining information on the website of the largest landfill site in Latvia, where it is offered
to deliver the organic waste to landfill for 60.81 €/t +VAT. It means that the cost of
transferring the waste in total with VAT costs is 73.58 €/t [178]. As the transfer of this
waste costs a certain amount of money, its use at the on-farm biogas plant means a reduction
in costs and for that reason the cost of organic waste is shown with a minus sign in tab. 3.7.
According to surveys of the biggest woodchip suppliers, its price is currently 12 €/m3.
Given that 1 t of woodchips is equivalent to 3.5 m® of woodchips, the price per t is assumed
to be 42 €.

Summarizing the information obtained on the biogas efficiency of the feedstock as well
as the price per t of the feedstock, it is possible to obtain an economic justification for each
substrate (Table 3.7). To obtain the cost of producing 1 m® of biogas from a given substrate,
the substrate price was divided by the substrate efficiency.
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Table 3.7

Calculation of Economic Justification for Each Substrate

Effective Price of the feedstock Economically justified
(yield of biogas, m3/t ) (E/t) (€/m? biogas)
Cattle manure 35 3.00 0.09
Pig manure 44 1.00 0.02
Poultry manure 80 2.00 0.03
Sewage sludge 218 1.00 0.01
Organic waste 100 -73.58 -0.74
Wood 355 42.00 1.18
Straw 190 15.56 0.08
Maize silage 202 45.00 0.25

As a result, the three main criteria identified as determinants of biogas substrate
selection were summarized in Table 3.8 for comparison.

Table 3.8

Values of Multi-Criteria Analysis

Effective Environmentally friendly . .
. . . . Economically justified
(yield of biogas, (emissions to be collected in 31
3 . (€/m’ biogas)
m°/t) Latvia as kt CO; eq./year)
Cattle manure 35.0 115.47 0.09
Pig manure 44.0 25.71 0.02
Poultry manure 80.0 4.73 0.03
Sewage sludge 218.0 113.53 0.01
Organic waste 100.0 403.50 -0.74
Wood 355 0.00 1.18
Straw 190.0 0.00 0.08
Maize silage 202.0 -6.56 0.25

When the information about the substrates was gathered, it can be observed that the
highest efficiency of biogas production is in the production of biogas from sewage sludge
as well as maize silage. Straw does not lag behind in the productivity of maize silage biogas.
The lowest efficiency is observed in cattle manure and wood, with average efficiency values
almost equal. Only slightly higher efficiency is observed in pig manure.

Considering which raw material should preferably be selected for the most
environmentally friendly production of biogas, it appears that the most airborne emissions
can be prevented by anaerobic fermentation of organic waste. The use of sewage sludge for
biogas production as well as the use of cattle manure would provide about 3.4 times less,
but still significant emission savings. Equally important is the use of pig manure, but their
total methane emissions are lower due to pig numbers. It is also very important to use
poultry manure, as their biogas efficiency is only 20 % lower than the efficiency of solid
waste, but their environmental impact is less significant due to the quantitative value of this
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manure. The emissions from biogas maize production in Latvia is the only substrate
considered here that generates emissions.

Economically, the most detrimental raw material for biogas production is wood, if
purchased as wood chips, but the most advantageous is the use of organic waste, as it not
only allows biogas to be produced, but also helps to reduce the cost of waste transfer to
landfills.

After the TOPSIS methodology calculations were made a rating was obtained defining
which, according to the accepted three criteria (environment, technology, economic), of the
given substrates is ranked first and which is ranked the last (8th) for the biogas production in
Latvia (Fig.3.6). Pig and poultry manure were ranked in the first two places according to
criteria, while straw with pre-treatment was ranked 3™ cattle manure was ranked 4%, but
sewage sludge ranked 5. The last three places are organic waste, corn, and wood, which
took a convincing last place in the ranking.

Pig manure [ 0.70
Poultry manure | 0.70
straw I 0.64

Cattle manure N 0.63

Sewage sludge I 0.59

Organic waste [ 0.59

Maize silage [N 0.59
Wood I 0.43

0 0.1 02 03 0.4 0.5 0.6 0.7 0.8
Fig. 3.6. Relative closeness to the ideal solution with TOPSIS method

Fig.3.6 shows that the raw materials are basically divided into 4 groups according to the

suitability of the substrate for biogas production:

e group with convincing highest relative closeness to the ideal solution with TOPSIS
method, which includes pig and poultry manure and have very similar values,

e group with the second highest relative closeness to the ideal solution with TOPSIS
method, which includes straw and cattle manure and have very small difference in
values between them,

e group which includes sewage sludge, organic waste and maize silage — feedstocks,
the numerical value of which in terms of relative closeness to the ideal solution is
nearly the same,

e group which consists with the worst feedstock among the ones considered for the
biogas production method is wood.
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Results show, that despite the claim that lignocellulose rich plants are not a successful
choice for biogas production, straw was the third best substrate for biogas production in
Latvia, and cattle manure was in fourth place. Wood was identified as the most unsuccessful
choice for biogas feedstock. The penultimate place in the ranking was for specially grown
maize for biogas production, which until now has been a popular substrate for agricultural
biogas production. Based on the criteria used in the model, the organic waste and sewage
sludge are roughly the same as biogas maize in the rating. This work proves that pre-
treatment straw can serve as a great substitute for biogas maize.

Evaluation of alternatives for cereal use

In Thesis evaluation of alternatives for cereal use were analyzed as cultivation of cereals
has an increasing tendency and emissions from agricultural soils is the largest contributor of
agriculture sector.

The analysis of survey results of alternatives considering technology availability and
efficiency, cost-effectiveness and sustainability, impact on the environment and climate change,
socio-economic aspect - increase in employment and reduced imports for a) each food group,
b) pharmaceutical products, ¢) transport, d) straw product group, are shown in the Fig. 3.10.
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Fig. 3.10. Average rating of respondents for the groups of food, pharmaceutical, straw
products, and the transport sector

According to data in Figure 3.10:

a) graph presents the data obtained for the food products represented by sixteen alternatives
- grains for export, flour, bread, pasta, noodles, groats, pearl barley, muesli, bars, gluten, starch,
alcohol, kvass, beer, coffee and oil,

b) graph shows data obtained from the group of pharmaceutical products represented by six
alternatives — ethyl alcohol, antioxidants, vitamins, minerals, lignans and proteins,

¢) graph shows the results for the transport products with its three alternatives — bioethanol,
biogas and biohydrogen,

d) graph shows the results for the straw product group with its seven alternatives - barn
litter, granules, fibers, disposable tableware, drinking straws, reusable tableware, and
bioplastics.

The highest assessment of products by criterion according to the survey is presented in
Table 3.15.
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Highest Assessment of Products by Criterion

Table 3.15

Criterion a) food products | b) pharmaceutical ¢) transport d) straw

products

Technology beer, flour, pearl proteins bioethanol, biogas | pellets, fibers and

availability and barley litter in the barn

efficiency

Cost-effectiveness | bread, flour, starch ethyl alcohol, biogas Pellets, bioplastics

and sustainability minerals, vitamins, reusable tableware
proteins

Impact on the | coffee, oil, starch ethyl alcohol, bioethanol drinking straws,

environment and vitamins, minerals disposable

climate change tableware, fibers

Socio-economic pearl barley, flour, | proteins, minerals, biogas and pellets, bioplastics,

aspect — increase bread vitamins, lignans biohydrogen litter in barns

in employment

and reduced

imports

The MCDA TOPSIS analysis was performed to summarize the results obtained from the
survey. Given a large number of alternatives (total of 32), 4 MCDA models were initially
developed (see Fig. 3.11, graphs a),b),c),d) accordingly). MCDA for food (see Fig. 3.11 a))
was represented by 16 alternatives, MCDA for pharmaceuticals (see Fig. 3.11 b)) with its
six alternatives, MCDA for products use in the transport sector (see Fig. 3.12 ¢)) and MCDA
for straw products (see Fig. 3.11 d)).
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Fig. 3.11. MCDA TOPSIS analysis for the groups of food, pharmaceutical, transport sector

and straw products
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According to the MCDA TOPSIS analysis, the best alternatives from:

e the food product group is flour with a uniform variation ratio of 0.89 followed by bread
och muesli (0.83), but the lowest rating gets coffee with a uniform variation ratio of
0.20;

e pharmaceutical products are minerals (the uniform ratio of variation of minerals was
0.83, which is 0.67 units more compared to lignans, which received the lowest rating
0.16);

e products used for transport is biogas with a uniform variation ratio of 0.63 followed by
bioethanol (0.58) and biohydrogen (0.37);

e straw product group is reusable tableware (0.85), followed by granules (0.83) and
bioplastic (0.77).

Finally, the MCDA TOPSIS method analysis was used to determine which alternative will
be the best for each of the four mentioned product groups. In the analysis, four alternatives were
selected, one from each product group, which previously had the highest single variation ratio.
The summarized results indicated the alternative with the highest added value for each assessed
group (Fig. 3.12). According to the MCDA TOPSIS analysis, the best alternative was minerals
with a uniform coefficient of variation of 0.652, followed closely by biogas with a constant
coefficient of variation of 0.647.

Minerals

0.652

0.1 0.2 0.3 0.4 0.5 0.6 0.7
variation ratio

o

Fig. 3.12. Summary results of the alternatives with the highest added value for each assessed
group

3.5. Analysis tool for climate policy ranking and decision-
making

The Thesis introduces a method that could be used in addition to existing procedure to
evaluate the GHG reduction policies and measures in the agriculture sector, based on the
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Delphi method and multi-criteria analysis and taking into account economic, engineering,
environmental/climate and social criteria. Criteria weights were determined by sectoral
experts. Based on results of the first round of the survey, TOPSIS was used. A normalized
and weighted matrix for decision-making in the evaluation of measures to reduce GHG
emissions in the agriculture sector are shown in Table 3.12 and Fig. 3.8.

Table 3.12
Weighted Normalised Matrix for Mitigation Measure Evaluation

Measures Economical Technical | Climate Social
Promote and support for precise application of 0.075 0.070 0.073 0.022
inorganic nitrogen fertilisers
Support for fertilisation planning 0.088 0.074 0,074 0.023
Requirements for manure storage and spreading 0.063 0.065 0,075 0.022
Promote and support for direct incorporation of 0.060 0.064 0.070 0.023
organic fertilisers into the soil
Use of precision agriculture technologies in farms for 0.074 0.068 0.072 0.022
crop growing to reduce use of nitrogen
Promote inclusion of leguminous plants in crop 0.073 0.072 0.071 0.024
rotation for nitrogen fixation
Support and promote intercropping system in cereal 0.065 0.063 0.060 0.021
growing
Support and promote green fallow introduction 0.064 0.067 0.057 0.022
before winter crop sowing
Promote organic dairy farming (low emission dairy 0.061 0.071 0.068 0.027
farming)
Promote precision cattle feeding approach, including 0.087 0.079 0.072 0.023
feeding plan development and support good quality
use of feed to increase digestibility
Promote improvement of feed quality for cattle farms 0.078 0.074 0.070 0.024
Promote biogas production 0.060 0.064 0.072 0.024
Promote biogas and biomethane production and 0.060 0,062 0,073 0,025
biomethane use
Maintain and modernise amelioration systems on 0.070 0.066 0.061 0.023
agricultural land
Promote the conservation of perennial grassland on 0.057 0.072 0.068 0.023
livestock farms
Management of nitrate vulnerable territories 0.063 0.067 0.057 0.019
Water and soil protection requirements from 0.059 0.062 0.064 0.022
pollution-related nitrates
Create a map of the distribution of peat soils on 0.066 0.067 0.070 0.022
agricultural land
Support the development of innovative technologies 0.072 0.074 0.074 0.025
and solutions to promote resource efficiency, GHG
reduction/CO; sequestration in agriculture
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Support the development of innovative technologies and solutions to promote resource
efficiency, GHG reduction/ CO2 sequestration in agriculture

Create a map of the distribution of peat soils on agricultural land

Requirements for the protection of soil and water from agricultural pollution caused by
nitrates

Management of nitrate vulnerable territories

Promate the conservation of perennial grassland on livestock farms

and ization of systems on land
Promote the production of biogas and biomethane and the use of biomethane
Promote biogas production

Promote improvement of feed quality for cattle farms

Support for evolving of precision livestock feeding approach in catdle breeding farms to
develop feeding plans and promote high quality feed use to increase the digestibility

Promote organic dairy farming (low emission dairy farming)
Support and promote green fallow introduction before winter crop sowing
Support and promote intercropping system in cereal growing

Promote inclusion of leguminous plants in crop rotation for nitrogen fixation

Support for evolving of precision agriculture techrologies in crop growing farms to reduce
nitrogen use

‘Promote and support for direct incorporation of or ganic fertilisers into the soil
Requirements for manure storage and spreading
Support for fertilisation planning

Promote and support for precision application of inorganic nitrogen fertilisers

0 01 02 0.3 04 05 0.6 0.7 0.8 09

Fig. 3.8. Ranking of measures by TOPSIS

The obtained results showed that considering all criteria, the most effective measures
are:
e promotion of precision cattle feeding approach, including the development of
feeding plans and use of support good quality feed for increasing the digestibility,
e development of innovative technologies and solutions to promote resource
efficiency, and GHG reduction/COz sequestration in agriculture.

The first round of survey displays that in a view of expert’s, older farmers do not trust
new technologies and would like to work as usual. While young farmers are ready to change
and move to smart technologies thereby shifting towards smart agriculture, support for
fertilisation planning, promote improvement of feed quality for cattle farms.
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Policies and Measures Grouped by Priority

Table 3.13

Priority Policies and measures
Leader Promote precision | Support for Promote Promote and Support the
(0.6-0.9) | cattle feeding fertilisation improvement of | support for development of
approach, planning feed quality for precision innovative
including cattle farms application of technologies and
development of inorganic solutions to
feeding plans and nitrogen promote resource
support for use of fertilisers efficiency, GHG
good quality feed reduction/CO;
to increase sequestration
digestibility
Strong Promote inclusion | Use of precision | Requirements for
(0.4-0.6) | of leguminous agriculture manure storage
plants in crop technologies in and spreading
rotation for farms for crop
nitrogen fixation growth to reduce
use of nitrogen
Moderate | Create a map of the | Promote organic | Promote biogas Promote the Support and
(0.2-0.4) | distribution of peat | dairy farming and biomethane conservation of | promote
soils on (low emission production and perennial intercropping
agricultural land dairy farming) biomethane use grasslands on system in cereal
livestock farms growing
Maintain and Support and Promote biogas Promote and
modernise promote green production support for
amelioration fallow direct
systems on introduction incorporation of
agricultural land before winter organic
crop sowing fertilisers into
the soil
Week Management of Water and soil
(0-0.2) nitrate vulnerable protection
territories requirements

from pollution
related nitrates

Considering results of MCDA, policies and measures were grouped in order of importance
(Table 3.13) and then experts were asked to forecast the main leader of future measures for
GHG emission reduction in agriculture sector based on leader measures.

According to the second round of the survey all the involved experts projected that in the

future the complex measure “Support for the development of innovative technologies and

solutions to promote resource efficiency, and GHG reduction/CO; sequestration” will be in the

top of all measures in agriculture sector. This measure is projected to be one of the core

measures to be developed within the implementation of sustainable and smart agriculture in the

future. According to this survey the experts think that this measure could contribute to the
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reduction of GHG emissions, considering sustainable agricultural management, animal rearing
techniques, as well as nutrient management improvement, including precision farming.

In Thesis, the possible mitigation measures in the future for agriculture soil management
were analyzed as agricultural soils is the largest contributor of agriculture emissions.

Historical and projected agricultural soils N2O emissions converted to the common unit of
carbon dioxide equivalents (ktCO2 eq.) as well as mitigation measures of Baltic states, were
obtained, and analyzed using comparative analysis method from the publicly available
databases [179] and countries reports [148], [158],[159], [180]-[182] for evaluation to find out
is there is a move towards climate neutrality in agriculture sectors’ sub-sector soil management.
Historical and projected emissions in WEM scenario show an increasing tendency for the
agricultural soils (Fig.3.9).
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Fig. 3.9. GHG emissions (historical and projected) from agricultural soils [146], [156]-[157]

Based on the literature review [148], [158],[159], [180]-[182] key mitigation measures with
estimated mitigation impact in the agriculture sector were summarized in Table 3.14.

81



Table 3.14

Key Policies and Measures Used in the Agriculture Sector in Baltic Countries [180]-[182]

Country Key policies and measures Estimate of Assessment of
mitigation mitigation
impact in impact in 2030
2020 (kt CO: (kt COz eq.)
eq.)

EE ERDP for 2014-2020 (agriculture sub-measures) n/a n/a
Climate Change Mitigation and Adaptation Action Plai n/a n/a
the agriculture Sector 2012-2020
Estonian Organic Farming Development Plan 2014— n/a n/a
2020

LV Increased land area under organic farming relative to 213 370
total agricultural land
Growing of legumes 66.1 66.1
Support for advancing precision farming technologies n/a n/a
and livestock feeding practices, promoting the reduced
use of synthetic nitrogen, including biogas production
Maintenance of amelioration systems n/a n/a

LT Implementation of the EU Nitrates directive 100.00 n/a
Sustainable farming (Lithuania’s Rural Development n/a n/a
Programme 2014-2020)
Balanced use of mineral fertilizers n/a 353.90

It can be seen from the Table 3.14 that for the most key policies and measures, mitigation
impact estimation is not available, therefore effect of the mitigation measure cannot be
evaluated. This evaluation is essential to understand if key policies and measures ensure
planned effect. According to evaluation of key policies and standards for decreasing GHG used
in Baltic countries, there are standard features, for example, future support to precision farming
practices, promotion of growth of protein crops, and practices promoting to reduce synthetic N
use, including biogas production. Despite various GHG reduction measures [37], there is an
upward trend in emissions from agricultural soils. It is therefore necessary to introduce
additional mitigation measures in order to move towards sustainable agriculture and climate
neutrality. Based on the analysis of mitigation measures in literature [183]-[192] some cost-
effective measures for GHG reduction from agricultural soils could be under consideration
and detailed analyses of advantages and disadvantages in the future in Baltic countries for
example:

e zero-emissions on-farm machinery and equipment;
e low or no —tillage;
e N fixing rotation;

e N-inhibitors on pasture.

3.6. Summary of the obtained results

This section summarizes the results obtained in the Thesis.
1. Regarding the indicators for assessment of the eco-efficiency of agriculture sector,
despite the fact that there is available an extensive amount of data at a national level, it is not
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easy to compile data that are needed for measuring eco-efficiency performance, especially at
the farm level. Overall, the selected indicators show that there is no decoupling between
economic growth and GHG emissions during the analysed period, so the steady trend towards
eco-efficiency cannot be observed.

2. A tool is proposed with a set of indicators to measure GHG emission reductions in the
agriculture sector. A modelling framework was developed for the assessment of GHG
emissions mitigation measures based on application of existing agri-environmental indicators.
The proposed set of indicators mainly is meant for decision-makers to estimate the agriculture
development options and to evaluate the sustainability of the sector, including the production
of products with high added value. Agri-environmental indicators based on literature research
or defined at national level, have to be introduced for the assessment of GHG reduction
measurements at sectoral level.

3. Using the developed carbon balance methodology, it is possible to calculate the impact
of biogas production and the impact on the environment as a result of the substrate selection.
Such calculations can be applied in any country or company and can be an essential tool for
political decision-making, based on quantitative calculations.

The research proves that carrying out carbon balance by the IPCC 2006 methodology based
on life cycle analysis for assessment of the impact of biogas production from maize, it is
possible to determine the environmental impact in terms of GHG emissions in the atmosphere.

The carbon balance can be further improved by reducing emissions from the agricultural
process by growing the substrate, for example, using zero-emission electric off-road machinery
for soil tillage, could reduce total biogas maize growing emissions by 43 %. But there are also
processes that would not be desirable to reduce emissions, for example, the reduction of off-
roads machinery driving frequency in the field — the fertilization process can theoretically be
carried out once, but it is usually divided into several stages in order to gradually spread the
substances for a favourable plant vegetation process, and not to promote pollution of water due
to drainage that leads to erosion.

4. The results showed that pig and poultry manure is the most suitable raw material for
biogas production. The use of any waste for energy production is important, but the greatest
potential for biogas production from agricultural products are manure and straw. Within the
Thesis, the adoption of MCDA is proposed as a suitable solution for evaluating the multi-
faceted benefits and/or impacts of different bioresources and technology management
scenarios.

5. Key policies and measures within WEM and WAM scenarios for the agriculture sector
were used from Latvia’s BR4 and NECP to evaluate the top GHG measures for emission
reductions to mitigate climate change in the future. A combination of the Delphi method and
MCDA allowed to range the measures in order of importance. The results show that in the
future, measure “Support for the development of innovative technologies and solutions to
promote resource efficiency, and GHG reduction/CO; sequestration in agriculture” is essential
to move on climate smart agriculture and net-zero emissions balance in 2050. Developing more
intelligent/innovative farming will help to improve the quality of products and agriculture
sustainability as well as decrease costs. To stimulate innovative technologies for decreasing
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GHG emissions and help farmers adapt to climate change a largescale transformative approach,
including change in agriculture policy is needed. Usage of the combination of the
abovementioned methods in policy planning could support policy makers to achieve better
results through already pre-screened GHG mitigation measures for agriculture sector.
Additionally, it was concluded that management of agricultural soils is one of the most
significant sources of GHG emissions from the agriculture sector in the Baltic countries (50 %
of emissions from total agriculture emissions) and growing of cereals shows an increasing trend,
with the increasing of the GHG emissions as well. Therefore actions should be taken to decrease
emissions from the management of soil already by 2030, to move towards sustainable
agriculture and contribute to climate neutrality by 2050. Based on the literature analysis,
mitigation measures for management of soils are an essential component to move towards
climate neutrality.

As the cultivation of cereals in Baltic states has an increasing tendency also in the future,
the study presents the results of a survey which was created in the form of a questionnaire
regarding the assessment of use of cereals and straw to determine possible future alternatives.
According to the performed qualitative results based on experts’ opinions and MCDA TOPSIS
method, the best alternative for the food products is flour, for pharmaceuticals — minerals, for
transport products — biogas, and for straw products, the highest rating was given to reusable
tableware. However, comparing all four groups of products, the best alternative turned out to
be minerals that are important for human health. An additional investigation for the quantitative
method application would be useful in future, to evaluate more precisely the use of cereal
product not only for farmers but also for more effective decision making in the agriculture
sector.

Transition toward the result-based agriculture and climate neutrality can be effectively
assessed by using multiple academic methodologies. The Thesis illustrates potential benefit
from the proposed integrative decision-making methodology for evaluation of the result-based
GHG reduction measures in practice at farm level, in advisory services and in public policy
planning (Table 3.16).
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Table 3.16.

Overall Scheme of the Proposed Integrative Decision-Making Methodology for Practical

Implementation
Methods Usage
Farm level Adyvisory services Public policy planning
Evaluation of eco-efficiency | Demonstration Eliminate  bottlenecks | Quality control schemes
sustainable and climate- | on the farm and to | under the framework of
friendly farming under | recommend the best | CAP and  regional
the framework of CAP | solution planning

and green procurement

Carbon balance

To recommend the best
crop to be grown from a

sustainable farming
perspective through
workshops, trainings,

and consultations.

To identify the best crops
to be grown at national
level, considering aspects
of sustainable
agriculture, including

climate goals

Ranking of bioresources

To recommend the best
bioresources to  be
grown/used for biogas
from a sustainable

farming perspective

To identify the best
bioresources  to  be
grown/used for biogas at
national level,

considering aspects of

through workshops, | sustainable agriculture,
trainings, and | including climate goals
consultations
GHG emission reduction To advise farmers on | To establish specific
model practices to be used to | indicators for the
reach the | assessment of GHG
target/indicator within | emission mitigation
the framework of CAP | through legislation to
evaluate  progress  to
move towards result-
based agriculture and
climate neutrality
Tool for ranking climate Analyze GHG reduction

policies and GHG emission

reduction measures and

decision-making

measures in legislation
using the MCDA and
Delphi approach
according to economic,
technical, climate and

social criteria

To monitor the effectiveness of agricultural policy in relation to its move towards result-
based agriculture and climate targets and to achieve accountability and transparency throughout
the process, experts involved in preparing national GHG projections should be involved in the
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process of preparation of the informative report on fulfilment of the commitments of GHG
reduction and removal (Informative Report).

The Informative Report should include proposals for additional measures to reduce GHG
emissions and increase COz removal, if necessary, but there is no system in place to ensure this
task. In this regard, to get quantitative result, the Thesis recommends implementing the
integrative decision-making methodology for evaluation of GHG emission reduction measures
in the agriculture sector, thus moving towards result-based agriculture sector and climate
neutrality. Several ways are proposed of how the methodologies can be used for preparation of
the Informative Report taking into account the degree of importance (increase in emissions):

e Detailed analysis each fourth year: A combination of all the methods studied in the

Thesis for the ex-ante mitigation measures evaluation;

o Simplified analysis performed each fourth year: A combination of empirical model for
eco-efficiency evaluation together with Delphi and MCDA TOPSIS methods could be
a very useful approach for the assessment of effectiveness of GHG reduction measures

in the agriculture sector;

e Periodic analysis performed every second years A combination of Delphi and MCDA

TOPSIS methods used to evaluate the more effective mitigation measures.

A national-level process proposed for the self-assessment of compliance with GHG
emission reduction commitments with nationally and internationally determined commitments,
science-based is shown in Fig.3.13. To evaluate which kind of review is necessary national
experts estimate the main contributors of GHG emissions, the link between the target and the
emissions: the higher the emissions, the more detailed analysis is needed.
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Fig.3.13. Domestic arrangements proposed for the process of the self-assessment of
compliance with GHG emission reduction commitments

In essence, such a system and an assessment are very important and essential if a country
encounters difficulties in moving towards determined targets and climate neutrality. The use of
these methods must be regulated by legislation in order to be actually used.
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The following recommendations could be considered for further research based on above

mentioned researched topics:

Agriculture sector is related to other sectors in GHG inventory, for example
LULUCEF sector, therefore the transition towards result-based agriculture and
climate goals both these sectors should be combined; further research is needed for
elaboration of carbon farming schemes.

It is necessary to carry out a more detailed study of the biogas life cycle by sectors
included in the GHG inventory.

To analyse eco-efficiency of the agriculture sector in the future more investigations
of activity data are needed in order to understand the potential of mitigation of
emissions at farm level, thus getting information using the bottom-up approach.
Further research is needed to assess the quantitative value of mitigation measure
impact in order to evaluate whether the policies have become more targeted and
result-based using the proposed integrative decision-making methodology.

It is recommended to incorporate the methods for the analysis of decision-making
in policy planning presented in the Thesis into the regulatory framework.
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CONCLUSIONS

The main findings of the Thesis are as follows:

The international assessment report of the European Environment Agency on
projected GHG emissions in the Latvian agricultural sector displays that despite the
large number of GHG reduction measures (approximately twenty), they do not have
a significant reduction effect, as the GHG emission projections show an increasing
trend until 2050. Such assessments suggest that the current framework for the choice
of GHG reduction measures needs to be improved, thus contributing to the
achievement of climate goals.

There are certain aspects that follow from the EU recent initiatives which must be
in place for fundamental transformation to result-based agriculture sector in relation
to climate targets, including practical reduction measures determined by achievable
indicators, socio-economic and financial restructuring, significant use of research
and development potential.

It can be concluded that a systematic approach is needed that combines experts’
analysis and ability to assess the agriculture sector's progress towards climate goals
more broadly and in depth, as well as the consequences and potential benefits at
system level. This dissertation is the first step in laying the foundations for such a
system.

The empirical model can help to assess the eco-efficiency of the agriculture sector,
thus helping to assess whether additional actions are needed.

The proposed GHG emissions reduction model/tool can assist stakeholders in
decision- making regarding production of agricultural products with high added
value taking into account GHG emissions mitigation measurement indicators.

The carbon balance analysis of biogas production from maize proves and determines
the possible environmental impact in terms of GHG emissions on atmosphere.
Bioresources ranking with application of the multi-criteria decision analysis using
TOPSIS methodology is a significant approach for sustainable application of
resources for biogas production and use of biogas at technological level.

Using a combination of the Delphi approach and MCDA TOPSIS method in policy
planning could supply decision-makers with better data through predefined GHG
mitigation measures.

The Thesis proposes an overall scheme for implementation an integrative
methodology for practical use in policy planning. The mandate for such a scheme
could be set out in Climate Law.

Application of integrative methodology including sectoral indicators, carbon balance
analysis, and a decision-making analysis tool for GHG emissions mitigation measures
promotes moving towards result-based agriculture.
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Abstract

Agriculture is the second most significant source of greenhouse gas (GHG) emissions, with approximately 24 % of Latvia’s total
GHG emissions in 2014. Emissions from agricultural soils contributed major share of the total emissions — 59.6 %, enteric
fermentation emissions was second largest source — 32 %. The share of manure management emissions was evaluated as 7.5 % of
total emissions in the sector, remaining 0.9 % of emissions refer to liming and urea application. GHG emissions increased in 2014
by 3.3 % comparing to 2013 due to increase of cattle, sheep and fur animal numbers. Statistics also showed increase of synthetic
N fertilizer consumption approximately by 4.6 %, sown area by 0.3 % and lime application to soils 42.9 % [1]. Bearing in mind
significant share of agricultural emissions in total GHG emissions in Latvia and the growing emission trend the additional attention
is necessary for evaluation of impacts of agriculture on the environment.

The purpose of this study is to explore indicators for assessing eco-efficiency in the Latvian agriculture sector. First the paper
describes methods which can be used for measuring eco-efficiency, second availability of activity data and third, presents
calculations of selected indicators for eco-efficiencies.
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1. Introduction

The literature does not provide a specific definition of eco-efficiency. In general, eco-efficiency could be explained
by the production of products with higher added value and less impact on the environment. As it is stated by Koskela
and Vehmas [2] eco-efficiency definitions can be presented in five groups [2]. The first group of definitions refers to
the expression "more from less", then secondly and thirdly eco-efficiency is considered as the ratio between economic
and environmental output. More specifically, the second group emphasis on the productiveness: the production of
additional value added with less impact on the environment. The fourth group describes eco-efficiency as a control
strategy, but the fifth group of the definitions provides more specific guidance of control strategy in the enterprise
level for improving eco-efficiency. The main concept of the eco-efficiency is to help companies and governments
become more sustainable [3—9].

There are three types of methods for measuring eco-efficiency: first the single-ratio model of environmental
impact/economic output. Model accepts and combines environmental impacts in one account though life cycle
analysis. This single-ratio model is used to analyse the efficiency of products and technologies, as well as is easy
to understand it. Secondly, replacement of the numerator with other mixed indicators, such as ecological footprint,
energy and material flow analysis indicators. This mentioned method by evaluating the environmental
performance of the system can be used. Thirdly, efficiency assessed by models such as the Range Adjusted
Measure model can be used. These models give and explain advisable and unacceptable outputs in the process of
production [10]. A wide range of methods for assessment of eco-efficiency, for example, Delphi method [11, 12],
Data envelopment analysis (DEA) [13], Life Cycle Assessment (LCA) [14] jointly with Life Cost Cycle (LCC) [15]
analysis and others are described in literature [16, 17]. It is essential to analyse availability of the activity data in both
farm and national level to apply these methods for assessment of eco-efficiency. Different kind of information is
available to get insights in ways how to measure the impact on environment. There are two substantial questions which
need to take into account for measuring eco-efficiency — how to measure and what kind of possible indicators can be
used for measurements. Examples of environmental and economic performance measurement indicators which were
mentioned in the literature are summarised in the Table 1 [18].

Table 1. Environmental and economic performance measurement indicators for agriculture sector.

Environmental and economic performance Indicators

Water use, thsd m?

Inputs for the production Energy use or consumption, GJ/TJ
Raw material consumption, thsd tonnes
Land use, thsd. hectares

GHG emissions, kt CO, eq
Outputs as emissions groups Emissions to water, tonnes
Emissions air, tonnes, kt

Climate change
Biodiversity
Environmental impact Smell
Use of synthetic fertilizers, kt nitrogen
Fossil fuels, GJ/TJ
Gross domestic product, thsd. EURO / %
Employees, thsd
Value added, milj EURO
Amount of production, kt/thsd tons
Water intensity, m* /GDP
Resource use intensity Energy intensity, TJ/GDP
Land use intensity, thsd. hectares/GDP
CO, intensity, kt CO, eq/GDP
Environmental impact intensity CHy intensity, kt CO, eq/GDP
N,O intensity, kt CO, eq/GDP

Economic indicators
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2. Methodology

Based on the different literature studies it is possible to identify eco-efficiency indicators for agriculture sector at
company and state level. There are four main steps which characterize eco-efficiency performance process presented
in Fig. 1. The analysis of eco-efficiency indicators is done step by step.

Collection of Selection of Analysis of absolute Processing of data
statistical data indicators values of indicators and analysis

Fig. 1. Eco-efficiency performance process.

As economic indicator the Gross domestic product of the sector, and for measuring of the environmental
indicators — emissions were used. The selection of indicators depends from the ways where they will be used. It is
significant to set generally applicable indicators that can be used by all interested groups (for example, farms,
government, other institutions) and therefore clearly described measurement methods are needed. Based on the
literature studies many of indicators were highlighted (for example, inputs for the production, energy intensity
(MJ/GDP), land use (thsd hectares / GDP), water intensity (m?/ GDP) and environmental impact: climate change,
biodiversity, smell), but for detailed analysis of eco-efficiency only energy use, inputs for production, production of
agricultural products, GHG emission groups and environmental impact on climate change were used for this study.
Regression analysis is used for evaluation of relationship between GHG emissions and production of agricultural
products, and other parameters. Firstly, the regression analysis is used to identify the strength of the effect that the
independent variable have on a dependent variable.

Regression analysis also is used to predict trends of dependent values. To calculate linear regression, the equation
y =a+ bx is used. When selecting the model for the analysis, another important consideration is the model fitting and
estimation how independent variable explains variance of the model (typically expressed as R?).

3. Results

As it was mentioned previously the important precondition to evaluate eco-efficiency indicators is availability of
activity data therefore investigations in this field have been carried out. It was found out that data from many
institutions are available in different dimensions, but in this study mainly data from the Central statistical bureau of
Latvia (CSB) and Latvian Environment, Geology and Meteorology Centre (LEGMC) were analysed as they are main
data sources for official reports by Latvia to different international institutions. CSB is the key coordinator and
performer of the official statistic in the country while the LEGMC collects environmental information, in collaboration
with other institutions prepares different annual reports including reports on GHG and air emissions, carries
out environmental monitoring and informs the society on the environmental situation. The database of CSB [19]
contains different kind of data, including economic and environment field. Mostly data is presented on the country
and regional level. For this study mainly activity data regarding economic activities of agriculture for 2000-2014, but
in some cases from 1990, in country level were used. Data on GHG emissions were taken from national annual GHG
inventories reported in the framework of the United Nations Convention on Climate Change [1]. Other activity data
were taken from databases of LEGMC. It was concluded that full data set on farm level regarding agricultural
emissions is not available. In some cases data are not disaggregated enough.

Results of the calculation of chosen indicators for eco-efficiency evaluation in agriculture sector are summarised
in the Fig. 2—Fig. 5.

First, energy intensity was analysed (Fig. 2) where noticeable data fluctuations can be observed, which can be
explained with lack of data correlation between fuel consumption and GDP. Linear graph shows amount of fuel used
in sector corresponding with sector GDP. For example, in 2001 compared with 2000 amount of fuel used in sector
increased by 9.3 % similar with GDP that increased by 8.9 % in the same time period, but in 2001-2002 amount of
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fuel used in sector decreased by 7.1 % and GDP sharply decreased by 13.5 %. Similar situation can be seen through
whole time series. Most significant deflection from trend-line is in the year 2008 (9.3 %) and 2009 (—13.3 %) due to
inconsistent changes in fuel consumption and GDP. While in 20072008 fuel consumption dropped by 16.3 %, for
GDP it was only —6.6 %, similar situation with 2007—2009 when fuel consumption decreased by 10.5 %, while GDP
increased by 5.3 %. In these years, Latvia went through economic crisis that left noticeable impact in all sectors not
only agriculture. Also, one of the most used fuels in agriculture sector is diesel oil (~60 %—80 % from the total
consumption) which has large statistical difference due to illegal import from neighbouring countries. Regression
analysis shows that in average energy intensity every year decreases by 71.9 MJ/GDP thsd EUR. When economic
situation was stabilized in the country, energy intensity stabilized as well. Energy intensity trend is negative linear
trend that means that energy saving technologies are used.

12000
£
= 10000
a o © y=-71,907x + 152979
o O R, e 2=0,2795
2 @ s @iy e..9. . i ( ]
~ 8000 [ ] [ ARy T ®.....
A [
a [
Q
S 6000
Z
3
z 4000
>
=4
2 2000
=
0
2000 2002 2004 2006 2008 2010 2012 2014 2016
®  Energy intensity MJ/GDP thsd. Euro ~ «+eeeeeee Linear (Energy intensity MJ/GDP thsd. Euro)

Fig. 2. Energy intensity MJ/GDP.

Secondly CH4 and N>O emission intensity in the sector were analysed (Fig. 3 and Fig. 4). A strong correlation
between methane emissions and livestock production — output of meat and milk have been observed. Regression
analysis shows that production of milk will increase methane emissions more than meat production. Methane
emissions will increase average by 1.52 kt CO, eq on each thsd t milk produced, but methane emissions will increase
average by 0.16 kt CO; eq on each thsd t meat produced. While in the crop production a weak correlation between the
production of grain, potatoes and vegetables and the amount of nitrogen oxide emissions have been noticeable.
The reason for that could be the fact that total nitrous oxide emissions include emissions from management of organic
soils and pasture, which are not directly related to the crop production. Essential elements in production of crops are
consumption of nitrogen fertilizers as well as use of organic fertilizers which more accurately show relationships
between the crop output and emissions of nitrogen oxides.
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Overall analysis of the eco-efficiency in the agriculture sector is presented in the Fig. 5, where total GHG emissions,
GDP, used energy, use of agricultural area, crop production and other parameters in the sector are included. As it can
been seen from the Fig. 5, GHG emissions in the agriculture sector (~28 %) and GDP (~48 %) have growing tendency
from 2000 till 2014, but it is important to point out, that GHG emissions mainly have been increasing due to the
application of N fertilizers to soils and management of organic soils. As well as use of N fertilizers has been weakly
correlating with crop yields — it means that consumption of N fertilizers is growing, but crop yields do not grow
accordingly in the period used for analysis, especially for 2009-2011. This graph explains the weak relationship
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between the nitrogen oxide emissions and production of crop products mentioned above. It can be seen that there is a
significant increase in use of nitrogen fertilizers, but crop output growth is ambiguous, perhaps it could be linked to
the impact of agro-meteorological conditions.
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Fig. 5. Changes (%) of main indicators in agriculture for 2000—2014 (2000 = 1).

Water use data [20] shows that it has a strong tendency to slowly decrease, and it can be explained by more efficient
use of water. Some outliers of data (for years 2009 and 2011) seems to be caused by insufficient quality of data.
Therefore future investigations is needed for evaluation of water use data.

4. Conclusions

The goal of the study was to evaluate indicators which could be used for measurement of the eco-efficiency in
Latvia’s agriculture sector based on different kind of published information. Despite the fact that there is available
an extensive amount of data it is not easy to compile data which are needed for measuring eco-efficiency
performance. Selected indicators show that no GHG emission decoupling (decoupling between gross domestic
product (GDP) growth and GHG emissions increase implies a simultaneous growth and development of national
economy and reduction of GHG emissions) from economic growth in agriculture sector has been observed. In other
words economic and environment output grow together, but at the same time emissions are growing more slowly.
Taking into account results of the study more investigations of activity data are needed to understand potential
mitigation of emissions in the future and analyse eco-efficiency of the sector by using different methods. It is
necessary to analyse farm level data (from biggest crop production farms) in more detail level thus getting
information from bottom up approach is required.
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1. Introduction

Agriculture plays a key role in mitigating climate change. Half of the earth’s surface has been used for agricultural
purposes [1, 2]. GHG emissions from agriculture amount to 10 % of total GHG emissions in the EU according to
Annex I Party GHG Inventory Submissions for 2016 [3].

The share of emissions from agriculture in 2014 in different EU MS considerably varies depending on the
significance and comparative magnitude of the agricultural sector (32.2 % in Ireland, 20.3 % in Lithuania, 24.0 % in
Latvia and 3.0 % in Malta) [3]. 45 % of total EU agriculture emissions are accounted for by France (19 %), Germany
(15 %) and the United Kingdom (11 %) in 2012 [4]. In comparison, Bulgaria, Finland, Lithuania, Croatia, Slovakia
and Latvia account for about 1 % each of total EU-28 agriculture emissions in 2012 [4]. Total GHG emissions from
agriculture declined by 21 % from 1990. It must be considered that from 1990 till 2000, emissions decreased by 16 %,
but from 2001 until 2011 only by 7 %. The main reduction of GHG emissions are attributed to increase of productivity,
decrease in livestock, development and implementation of agricultural and environmental policies [6]. During the
research indicators used for evaluation of impacts of agriculture on the environment [7-9] were analysed.

2. Methodology

The objective of this research is to offer a tool to assess and collate GHG emission mitigation measures of
agriculture.

The basic concept of the research is shown in Fig. 1.

The main aim of this study is to analyse existing indicators used for evaluation of impacts of agriculture on
environment, to propose a tool with a set of indicators for assessment of GHG emissions mitigation measurements,
and to assist stakeholders in decision making regarding production of agricultural products with a high added value.

Agro- GHG GHG emissions
environmental emissicns mitigation technologies
indicators database and practices
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issi mitigation
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Fig. 1. Methodological framework of selection and evaluation of indicators.
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3. Results
3.1. Indicators used for evaluation of GHG emissions from agriculture

The European Commission has developed 35 agri-environmental indicators for assessing impacts of
agriculture [10, 11]. From these indicators 11 indicators are set as relevant to the assessment of agriculture in relation
to climate change and air quality: mineral fertilizer consumption, energy use, cropping/livestock patterns, farm
management practices — manure management, atmospheric emissions of ammonia from agriculture, emissions of
methane (CH4) and nitrous oxide (N>O) from agriculture, share of agriculture in GHG emissions, area
under agri-environment support, regional levels of good farming practice, regional levels of environmental targets
and production of renewable energy.

Table 1. Agri-environmental indicators.

Indicator Parameter, unit
Mineral fertilizer consumption Application rates (kg/ha) of N and P
Energy use Total direct energy use at farm level in KgOE per ha per year

Share (%) of main agricultural land types (on total UAA.
Total livestock density (LSU/ha of utilised agricultural area (UAA))
Share of holdings with livestock which have manure storage facilities in total

Cropping/livestock patterns

Farm management practices — manure management holdings with livestock
Share of holdings with different manure storage facilities

Atmospheric emissions of ammonia Ammonia emissions (kilotonnes per year)

Share of primary energy production of renewable energy from agriculture and

Production of renewable energy forestry to total energy production

GHG emissions COequivalents (kilotonnes per year)
Emissions of methane (CH,) and nitrous oxide (N,O)
Area under agri-environment support

Regional levels of good farming practice
Regional levels of environmental targets

3.2. Mitigation of GHG emissions in agriculture

Mitigation of GHGs emissions related to agriculture consist of three broad categories, depending on the underlying
mechanism:

e Decrease in emissions;
e Avoiding (or displacing) emissions [12, 13].

GHG emissions from agriculture are associated with certain concerns therefore the evaluation of GHG mitigation
measurements can be challenging [13]. This makes consensus difficult to analyse performance of EU MS in intensity
of emissions.

Table 2. Mitigation measures [14].

Field Mitigation effect

Crops and farming Reduction of emissions

system management Reduces direct nitrous oxide and indirect emissions
Fertilizer, manure and Reduction of emissions

biomass management

Soil management Increases soil organic carbon, reduces emissions

Reduces methane emissions per kg meat
Reduces emissions per kg output
Energy use Reduces fossil emissions

Animal husbandry
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3.3. GHG emissions mitigation measurements assessment indicators

The agricultural sector in respect to GHG emissions will become more and more important in the future [15, 16].
Therefore, the EU MS will need to establish a clear path towards climate friendly, sustainable agriculture which
includes production of agricultural products with a high added value as well as development of bioenergy. Reduction
of GHG emissions is one sustainability aspect; other aspects must also be taken into account when establishing
reduction of GHG emissions in agricultural sector. Therefore, the monitoring, reporting and verification (MRV) of
GHG emissions from agriculture sector is an important issue. Proposed indicators for determining the level of GHG
emissions mitigation may be adopted in agricultural sector. However, the adoption of these indicators depends heavily
on definite characteristics, since setting limit conditions might improve the MRV system in general, but can be
confusing in multifunctional farms. Indicators for the assessment of soil carbon level, closed nutrient cycles,
consumption and waste patterns, nitrous oxide dynamics, assessment of multi-functional farming systems, energy use
and production of renewable energy were developed for the evaluation of the GHG emissions mitigation
measurements. Chosen indicators were settled by reviewing literature and based on the opinion of experts in this area.
Six major indicator groups, consisting of a combination of 11 agri-environmental indicators were used to evaluate the
climate friendly agriculture and bioenergy development options (see Table 3).

Table 3. GHG emissions mitigation measurement indicator.

GHG emissions mitigation

P Analysed changes in values Agri-environmental indicator
measurement indicator

Changes in soil carbon Increase in soil carbon Mineral fertilizer consumption

Realise closed nutrient cycles in

Closed nutrient cycles .
agriculture

Farm management practices — manure management
Atmospheric emissions of ammonia from agriculture
Consumption and waste patterns Change consumption and waste patterns ~ Cropping/livestock patterns

Nitrous oxide dynamics Reduction of N,O emissions Emissions of CH4 and N,O
GHG emissions
Development of multi-functional

Multi-functional farming systems .
farming systems

Area under agri-environment support

Regional levels of good farming practice
Regional levels of environmental targets

Energy use and production Increase production of renewable energy ~ Production of renewable energy

Decrease energy used at farm level Energy use

Eleven criteria from six impact categories were chosen for the assessment of GHG emission mitigation. Criteria
weights were determined by experts. Normalized and weighted values of indicators for the evaluation of GHG
emissions mitigation for agricultural sector are shown in Fig. 2.

Changes in soil carbon
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Energy use and #15 N 0,2Closed nutrient cycles
production 15 £ g1 N
{ /
0,05 /
[ b Y’
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Multi-functional farming 0,17~ -~ Vi Consumption and waste
systems Se pattern
0,15

Nitrous oxide dynamics

Fig. 2. Decision-making matrix.
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4. Discussions and conclusions

The main objective of this study was to propose a tool with a set of indicators for assessment of GHG emissions
mitigation measurements for agricultural sector. For this purpose, a modelling framework was built for the assessment
of GHG emissions mitigation measurements based on application of agri-environmental indicators. The goal of the
proposed set of indicators is mostly meant for decision-makers to estimate agriculture development options and to
evaluate the sustainability of agricultural proposals and production of agricultural products with high added value. A
set of comprehensive indicators should also be assessed in order to estimate the actual impact on the outcomes in
relation to the first set of indicators selected.

The research gives insight on how to achieve climate friendly agriculture. The proposed indicators can be used to
evaluate GHG emissions mitigation measurements in agriculture.
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Abstract. Production of biogas using bioresources of agricultural origin plays an important role
in Europe’s energy transition to sustainability. However, many substrates have been denounced
in the last years as a result of differences of opinion on its impact on the environment, while
finding new resources for renewable energy is a global issue. The aim of the study is to use a
carbon balance method to evaluate the real impact on the atmosphere by carrying out a carbon
balance to objectively quantify naturally or anthropogenically added or removed carbon dioxide
from the atmosphere. This study uses Latvian data to determine the environmental impact of
biogas production depending on the choice of substrate, in this case from specially grown maize
silage. GHG emissions from specially grown maize use and cultivation (including the use of
diesel fuel, crop residue and nitrogen fertilizer incorporation, photosynthesis), biogas production
leaks, as well as digestate emissions (including digestate emissions and also saved nitrogen
emissions by the use of digestate) are taken into account when compiling the carbon balance of
maize. The results showed that biogas production from specially grown maize can save
1.86 kgCO,eq emissions per 1 m? of produced biogas.

Key words: agriculture, bioenergy, biofuels, multicriteria analysis, sustainability.
INTRODUCTION

The European Union is the most progressive global leader on the path to climate
change mitigation, therefore The European Commission presented the vision for
climate-neutral economy by 2050 to keep global temperature increase below 2 °C above
the pre-industrial level (Bereiter et al., 2015), with decarbonising the energy sector as
one of the key points (European Council, 2019). Production of biogas using bioresources
of agricultural origin plays an important role in Europe’s energy transition to
sustainability (European Council, 2014; European Council, 2019) due to the possibilities
to use it for different purposes - transportation fuel, heat and electricity generation
(Meyer et al., 2018).

The biogas production process integrates production (Chen et al., 2015), processing
and recycling of degradable by-products (Li et al., 2019). Not only does the biogas
produced by anaerobic digestion prevent greenhouse gas emissions and produce
renewable energy, but also provides for the production of processed fertilizers,
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improving nutrient self-sufficiency in the agricultural sector (Timonen et al., 2019). The
productivity of a biogas plant depends on different aspects, like the type of biomass
(Melvere et al., 2017; Kristof & Gadus, 2018; Bumbiere et al., 2020), digestion
(Meiramkulova et al.,, 2018; Mano Esteves et al., 2019), availability of biomass,
impurities that may harm microorganisms (Mehryar et al., 2017; Muizniece et al., 2019)
and lignin content (Lauka et al., 2019).

The most important element of the biogas production system, is the choice of a
substrate, because by knowing the composition of biomass, it is possible to predict the
yield of biogas and its ratio of methane (Ugwu et al., 2020). Almost any organic material
can be used for the biogas production, for example, paper, grass, animal waste, domestic
or manufacturing sewage, food waste, agricultural products (Ugwu et al., 2020), but
whereas finding new sources of renewable energy production is a global issue (Sauthoff
et al., 2016; Siddique & Wabhid, 2018) at the same time specially grown substrates are
being rejected for the production of biogas (Schulz et al., 2018).

One of the substrates being rejected is the use of maize as a result of differences of
opinion on its impact on the environment (Schulz et al., 2018), even though maize biogas
yields and characteristics are far superior to other crops for biogas production (Pimentel,
2003; Gowik & Westhoff, 2011). Not only does maize have a high carbon fixation and
assimilation capacity (Crafts-Brandner & Salvucci, 2002), but it can also be grown
worldwide due to its high photosynthesis and resource utilization (Arodudu et al., 2017),
even in conditions of drought, high temperatures and lack of various nutrients (Patzek,
2004). In addition, in the process of anaerobic digestion it is very important to use co-
digestion, which allows to increase the productivity of produced biogas from 25 to 400%
over mono-digestion (Cavinato et al., 2010; Shah et al., 2015). Co-digestion is often used
for the very reason that the optimal carbon-nitrogen ratio on biogas production is in the
rage of 20:1 to 30:1, but in general, manure has very low carbon ratio and it is important
to mix it with other substrates that are carbon-rich like maize to increase the biogas yield.

Therefore, in this case, a carbon balance was developed and carried out to
objectively quantify naturally or anthropogenically added or removed carbon dioxide
from the atmosphere in order to determine the environmental impact of biogas
production from specially grown substrates, in this case - maize silage.

Although many authors have acknowledged that, when analyzing biomass life
cycle analysis, the range of results is quite wide (Murphy et al., 2014) due to the
differences in various factors and system boundaries (Muench & Guenther, 2013), it is
considered to be the best method for calculating Greenhouse gas (GHG) balance
(Cherubini, 2010).

In this study carbon balance was carried out to determine the environmental impact
in terms of greenhouse gas emissions by biogas production from specially grown maize.

The methodology was based on life cycle analysis, which included calculations of:
emissions from maize silage cultivation due to tillage, mineral nitrogen fertilizers and
fuel use in heavy machinery (both in the process of growing maize, in the process of
preparing the substrate for biogas production, and in the process of incorporating
digestate into the soil); emissions collected due to the photosynthesis process; emission
leaks from biogas production process; emissions from the use of maize digestate
fertilizer; emissions saved from the mineral fertilizer replacement with digestate.
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Although the carbon balance method has been used so far, for example, to model
the change of land use (Guo et al., 2017) or of forestry under various effects of forestry
(Zubizarreta-Gerendiain et al., 2006), but there are no studies that have developed carbon
balances to determine the environmental impact of substrate selection in biogas
production.

METHODOLOGY

In order to calculate fuel emissions, data from an agricultural farm in Latvia was
collected. It is important to note that the results of the calculations may differ, if a more
detailed calculation is made, considering factors such as soil consistency and the
technologies used, the efficiency of tractors and other indicators. The more efficient the
techniques and methods used, the lower the emissions from maize production process.
First, the number of times specific tractor-tillage techniques that use diesel fuel and the
tons of diesel fuel consumed per 1 ha of the particular activity by off-road vehicles and
other machinery were collected to an indicator of how many tons of diesel needed per
hectare and how many tons of diesel fuel are consumed per year to process 1 ha of biogas
maize fields. In turn, knowing the area of land that was used to grow the biogas maize
substrate in a given year, can provide an indicator of all year’s fuel consumption for
biogas maize cultivation per ha (Table 1). Data from company producing biogas from
maize in was used.

Table 1. Diesel fuel consumption for the production of maize for biogas production

Fuel needed, Fuel Arca Fuel consumed
Times t ha! needed, h ? over the area,

at a time t ha! a tyr!
Plowing 1 0.025 0.025 5,382 134.335
Shuffle 1 0.008 0.008 5,382 44.778
Cultivation 1 0.007 0.007 5,382 40.300
Sowing 1 0.007 0.007 5,382 35.823
Plant protection + microelements 3 0.006 0.017 5,382 94.034
Shredding 1 0.029 0.029 5,382 156.724
Fertilizer application 3 0.004 0.012 5,382 67.167
Transportation field-farm 1 0.016 0.016 5,382 85.437
Compression 1 0.031 0.031 5,382 167.918
Picking from the pit, pouring, dumping 1 0.017 0.017 5,382 89.556
Incorporation of digestate into soil 1 0.015 0.015 5,382 80.601

In total - 0.185 5,382 996.674

By finding out the lowest combustion heat of diesel fuel, it is possible to obtain
consumed energy for field treatment (Intergovernmental Panel on Climate Change,
2006). But, knowing the energy consumed in the process in field cultivation as well as
using the emission factors of the 2006 Intergovernmental Panel on Climate Change
(IPCC) guidelines, it is possible to obtain the result in terms of tons of emissions from
the use of fuel (Central Statistic Bureau, 2018). By determining the annual emissions,
indicators - emissions from the processing of 1 ha of maize used for biogas production -
are calculated.
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During the special cultivation of maize, fuel is not the only source of emissions, it
is also caused by the incorporation of crop residues into the soil, as well as the use of
nitrogen, therefore the Tier 1 methodology from the 2006 IPCC guidelines was used to
calculate nitrous oxide emissions from managed soils (IPCC, 2006). For direct nitrous
oxide emissions from agricultural soils, the following equation was used.

N>O - N = [(Fsx + Fer) - EF], (D

where N>O — N — N>O emissions in units of nitrogen (direct NoO emissions from treated
soils, kg N2 O-N yr);
Fsn — the amount of nitrogen in the fertilizer applied to the soil kg N yr'; Fcrk — N amount
of maize residues entering the soil on an annual basis (above and below ground);
EF — N,O emission factor from N input, kg NoO-N kg! N (input = 0.01).
The following equation was used to report kg NoO-N emissions to N>O emissions:

N0 = N,O — N - 44/28 2)

One of the calculation parameters for estimating the direct nitrogen oxide emissions
from the use of N in managed soils is the amount of pure nitrogen fertilizers per year.
Data on the required inorganic fertilizers used in soils are taken from A. Karklin$ book
‘Calculation methods and standards for the use of soil treatment and fertilizers’, which
states that a maize yield of 31.8 t ha™! requires 0.1 t ha! N fertilizer (IPCC, 2006).
Yield N per year is calculated on the Tier 1 methodology of the 2006 IPCC Guidelines:

FCR = Yield - DRYXFraCRenew " AreaXRAG : NAG - Area - RBG : NBG’ (3)

where Yield — harvested maize yield (kg fresh maize yield ha!); DRY — dry matter
part of harvested maize (kg dry matter kg fresh matter); Fracgenew — total area of maize;
Area —the total part of the area harvested for maize (ha year'); RAG — terrestrial,
surface residue solids (AGDM) and maize harvest (Crop), kg dry matter (kg dry matter)';
Nag — N surface plant residue content in maize (kg N kg'! dry matter); Rpg — ratio of
underground residues to maize yield (kg dry fraction kg!' dry fraction); Rgg can be
calculated by multiplying RBG-BIO by the total aboveground biomass to cereal yield
ratio (Rpg = [(AGpm -1,000 + Crop Crop)™']; Ng¢ - the N content of underground residues
of maize (kg N kg'! dry matter) (0.007) (Liu et al., 2019).
To calculate the annual production of crop residues F¢g, the following calculation
is required:
AGDM - 1,000
Crop @)
as well as an additional equation to estimate terrestrial surface solids AGDM (Mg ha™'):

AG =

AGDM = Crop 1 + int t (@)

= (1'000) slope + intercept.
And the correction factor for estimating the dry matter yield is determined as:
Crop = Yield Fresh - DRY, (6)

where Crop — harvested dry yield fraction T, kg dry matter ha'!; yield Fresh — part of
fresh harvest T, kg fresh fraction ha!; DRY — dry matter fraction of harvested crop T,
kg dry fraction (kg dry fraction)' (IPCC, 2006).
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Although the use of digestate in field fertilization reduces emissions compared to
synthetic fertilizers, digestion of soil with digestate also generates greenhouse gas
emissions (Ericsson et al., 2020). The results of analyzes obtained from the farm X’
producing biogas from maize indicate that the N content of the digestate fertilizer is on
average 3.8 kg t'!. By knowing the N content of the digestate and the tons of digestate
obtained, digestate fertilization emissions were calculated by the 2006 IPCC guidelines.

When looking at emissions from the biogas production process, it should be
considered that although biogas is produced from maize, which is a renewable resource
and recovers the carbon emissions that the plant has absorbed during its growth process,
emissions from the biogas production process are taken into account. Based on the
scientific article emission leakages account for 1% of biogas losses in biogas production,
which includes both the 52% methane in it and the remaining 48%, which is assumed to
be carbon dioxide (Blumberga et al., 2010).

Although GHG emissions result from field cultivation during maize cultivation,
maize growth involves photosynthetic processes that sequester CO, from the
atmosphere. In order to calculate the amount of CO, captured in a year in a certain area
of biogas maize, the amount of dry matter is multiplied by the CO, sequestration factor
(Scarlat et al., 2018).

RESULTS AND DISCUSSIONS

For the analysis of cultivation of maize and GHG emissions related with it, data
about amount of total cultivated maize from 2017 were used. It can be seen that in 2017,
GHG emissions are generated for the cultivation of maize, which was used as a substrate
for biogas production, in total 3.53 kt CO.eq yr'! to treat it with heavy agricultural
machinery, which uses diesel fuel. Knowing that 5,382 ha of biogas maize were
managed in 2017, a result is obtained which shows that 0.66 tCO.eq ha™! per year of
GHG emissions are generated in the management of biogas maize fields with agricultural
machinery. Table 2 show fuel emission indicators per 1 ha of cultivated maize area used
in calculations.

Table 2. Fuel emission indicators per 1 ha of cultivated maize area (based on IPCC, 2006)

CO, emissions, CH, emissions, N,O emissions,

t ha'! kg ha’! kg ha’!
Plowing 0.079 0.004 0.030
Shuffle 0.026 0.001 0.010
Cultivation 0.024 0.001 0.009
Sowing 0.021 0.001 0.008
Plant protection + microelements 0.055 0.003 0.021
Shredding 0.092 0.005 0.035
Fertilizer application 0.040 0.002 0.015
Transportation field-farm 0.050 0.003 0.019
Compression 0.099 0.006 0.038
Picking from the pit, pouring, dumping 0.053 0.003 0.020
Incorporation of digestate into soil 0.048 0.003 0.018
In total 0.588 0.033 0.225
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In order to objectively determine the total greenhouse gas emissions from fuel use,
it is necessary to convert them into a single unit of measurement - CO, equivalents. As
the global warming potential (GWP) of 1 ton of CH4 equals 25 tons of C; and 1 ton to
N2O equals 298 tons of CO», these values are used to produce total greenhouse gas
emissions (IPCC, 2006). Table 3 shows CO,eq emission indicators per 1 ha of biogas
produced from specially cultivated maize.

Table 3. Fuel CO,eq emission indicators per 1 ha of biogas produced from specially cultivated
maize (based on IPCC, 2006)

CO, CH, N,O0 Total

emissions, emissions, emissions, emissions,

kgCO,eq ha'! kgCO, eq ha' kgCO, eq ha'! tCO, eq ha'!
Plowing 79.28 0.11 9.04 0.09
Shuffle 26.43 0.04 3.01 0.03
Cultivation 23.78 0.03 2.71 0.03
Sowing 21.14 0.03 241 0.02
Plant protection + microelements 55.49 0.08 6.33 0.06
Shredding 92.49 0.13 10.55 0.10
Fertilizer application 39.64 0.06 4.52 0.04
Transportation field-farm 50.42 0.07 5.75 0.06
Compression 99.09 0.14 11.30 0.11
Picking from the pit, pouring, dumping 52.85 0.07 6.03 0.06
Incorporation of digestate into soil 47.57 0.07 542 0.05
In total 588.16 0.82 67.06 0.66

The obtained data show that the highest emissions per ha occur per year due to
harvesting and shredding to prepare maize for placing in the bioreactor, as well as due
to compaction. The lowest emissions occur during sowing. Total indicative emissions
from biogas production from specially

grown maize per ha shown in Table 4. Table 4. Total indicative emissions from

As a result, it can be seen that the biogas production from specially grown maize
highest emissions per ha are caused by per ha (based on IPCC, 2006)
the use of fuel to perform all the Indicative emissions tCOzeq ha'!
necessary treatment operations with Fuel emissions 0.656
heavy machinery, which is almost 0.66 Crop residue emissions 0.443
tCOseq ha!. Emissions from tillage N fertilizer emissions 0.468

In total 1.567

with nitrogen fertilizers and crop residue
incorporation in soil after harvest are
relatively similar, amounting to 0.468 tCO,eqha! and 0.443 tCO,eqha’. In total
indicative emissions from biogas production from specially grown maize creates 1.567 t
COeqhal.

The biogas production process produces a very valuable by-product — digestate. It
contains significant amounts of nutrients that are suitable for enriching the soil (Brown
et al., 2010; Pereira et al., 2018). The dry weight of digestate from biogas production
using only maize is approximately 58.22% (Tambone et al., 2019). Digestion of fields
with digestate can indirectly reduce greenhouse gas emissions, for example, digestate
from 1 ha of maize green matter with a yield of 30 t ha' fully provides the required
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amount of potassium fertilizer and saves 31% phosphorus and 44-45% nitrogen fertilizer
(Naglis-Liepa et al., 2014; Slepetiene et al., 2020).

Accordingly, using a maize yield of 31.8 tha!, it is possible to provide fertilizer
for 1.06 ha of maize. As a total of 25,700 ha of maize was grown in Latvia in 2017, the
use of digestate is topical, as well as interviews with farmers conducted within the
framework of this study revealed that unfortunately digestate for field fertilization is a
shortage product, which is why additional synthetic fertilizers are used (locoli et al.,
2019; Verdi et al., 2019).

Using digestate fertilizer in tillage, 1.19 ktCOzeq emissions were saved in 2017,
while indicative emissions show a reduction of 0.22 tCO,eq ha™'.

Although the use of digestate in field fertilization reduces emissions compared to
synthetic fertilizers, digestion of soil with digestate also generates GHG emissions. The
results of analyzes obtained from a farm producing biogas from maize indicate that the
N content of the digestate fertilizer is on average 3.8 kg t'!. Assuming that the maize
harvest in 2017 is 171,147.6 tons and that the amount of digestate from the amount of
mass fed to the bioreactor usually ranges from 90 to 95%, in 2017 158,311.53 tons of
maize digestate were obtained, while knowing the N content of digestate per 1 ton, it is
obtained that the total N per 5,382 ha of the whole maize area was 0.60 kt (Central
Statistic Bureau, 2021). Based on the level 1 methodology of the 2006 IPCC guidelines,
it is estimated that digestate fertilization caused 2.82 ktCOseq emissions in 2017
indicating on indicative emissions - 0.0005 tCO.eq ha.

The methane content of biogas produced exclusively from maize silage is known
to be 52%, and the biogas yield per ton of maize is 202 cubic meters, which allows to
calculate both the total amount of biogas produced from maize harvested in Latvia,
which is 34,571,815.2 m® from 171,147.6 t maize (Latvia's National Inventory Report,
1990).

At a 1% biogas leak in its production process in 2017, 2.63 ktCO, eq GHG
emissions were released into the atmosphere.

CONCLUSIONS

The research proves that carrying out carbon balance by the methodology based on
life cycle analysis for assessment of the impact of biogas production from maize, it is
possible to determine the environmental impact in terms of greenhouse gas emissions on
the atmosphere. Despite the consumption of diesel fuel and emissions from the maize
production process, maize absorbs much more carbon than is produced during
photosynthesis, thus, if 1% of biogas leakage is assumed in its production process, as
well as knowing by previous calculations that 34,571,815.2 m? of biogas can be obtained
from 5,382 ha specially grown maize, its production from specially grown maize can
save 1.86 kg CO» eq emissions per 1 m* of produced biogas (in normal conditions,
pressure 760 mm Hg).

The carbon balance can be further improved by reducing emissions from the
agricultural process by growing the substrate, for example, using zero-emission electric
tractors for soil tillage, could reduce total biogas maize growing emissions by 43%. But
there are also processes that would not be desirable to reduce emissions, for example,
the tractor driving frequency reduction in the field - the fertilization process can
theoretically be carried out immediately and at once, but fertilization is divided into
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several stages in order to gradually spread the substances for a favorable plant vegetation
process, as well as not to promote pollution of water due to drainage that leads to erosion
(Oshunsanya et al., 2019). After harvest, 28% of total emissions come from nitrogen
emissions from crop residues (above and below ground). Unfortunately, these are
emissions that cannot be reduced because, although these residues could theoretically be
used for biogas production, the removal of crop residues from maize fields would have
a negative impact on the environment and soil quality (Industrial Vehicle Technology
International, 2021).

It is essential to combine efficiency in agriculture in order to reduce atmospheric
emissions without losing sight of sustainable farming, so as not to have a negative impact
on soil, water and the environment as a whole.

Results of this study demonstrates that using the carbon balance methodology
developed in this work, it is possible to calculate the impact of biogas production and
how the environment is affected as a result of substrate selection. Such calculations can
be applied to any country or company in the world and it can be an excellent tool for
political decision making, based not on discussion, but on quantitative calculations.
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Abstract — Production of biogas using bioresources of agricultural origin plays an important
role in Europe’s energy transition to sustainability and to a climate-neutral economy.
The usage of some substrates like maize has been increasingly denounced in the last years and
there is currently an active discussion about future subsidies to biogas producers depending
on the substrate used. The aim of this study is to compare and rank different substrates for
biogas production considering their economic feasibility, substrate efficiency and
environmental aspects. During the research, eight substrates were evaluated: cattle manure,
pig manure, poultry manure, straw, wood, maize silage, waste, and sewage sludge. In order
to reach the research goal, multi-criteria analysis using TOPSIS methodology was applied to
objectively determine which of the substrates considered would be the most suitable for
biogas production in Latvia. The results obtained showed that pig manure is the most suitable
raw material for biogas production in Latvia, while poultry manure was ranked second, with
little difference in value from pig manure.

Keywords — Biogas; economic feasibility; maize; manure; substrate efficiency; TOPSIS.

1. INTRODUCTION

Production of biogas using bioresources of agricultural origin plays an important role in
Europe’s energy transition to sustainability and a climate-neutral economy [1]-[3]. The transition
to clean energy has already proven its worth by modernizing the EU’s economy, promoting
sustainable economic growth and prosperity, as well as improving the environment, creating new
jobs and delivering benefits for citizens [4]. Given that around 6 million tons of agricultural waste
is produced in the world yearly and the emphasis on pathways and strategic priorities for transition
to a net-zero GHG emission economy, there is a promising future for the development of biogas
production, especially for upgraded biogas to biomethane, which is flexible both in use and storage
and because its production from agricultural, industrial waste and sewage sludge protects soil, air
and water from pollution [5], [6]. Not only does biogas produced by anaerobic digestion prevent
greenhouse gas emissions and produce renewable energy from waste, but also provides for the
production of processed fertilizers, improving nutrient self-sufficiency in the agricultural sector
[71.

The biogas production process is an environmental technology that integrates production [8],
processing and recycling of degradable by-products [9]. In 2014 there were 54 first- and second-
generation biogas plants [10] operating in Latvia with a total capacity of 54.92 MW (3.1 PJ) and
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out of those 54 biogas plants, 44 used agricultural waste, 7 used municipal waste in landfills, but
only 3 used domestic or industrial sewage and residues from food production (industrial
waste) [11]. Consumption of biogas produced in 2017 increased to 80.73 MW (3.9 PJ) since 2014,
reaching a 25.81 % increase of biogas production [12].

The productivity of a biogas plant depends on different aspects, like type of biomass [13],
digestion [14], availability of biomass, impurities that may harm microorganisms [15] and lignin
content [16].

Different types of manure present variation in organic composition and dry matter content (1.5—
30.0 %), which affects the biogas produced. Co-digestion is often used for the very reason that the
optimal carbon-nitrogen ratio on biogas production is in the rage of 20:1 to 30:1, but in general,
manure has very low carbon ratio and it is important to mix it with other substrates that are carbon-
rich to increase the biogas yield [14], [17].

TABLE 1. YIELD OF VARIOUS RAW MATERIALS [18]

Yield of methane, % Yield of biogas, m%t
Cattle manure (liquid) 60 25
Cattle manure 60 45
Pig manure (liquid) 65 28
Pig manure 60 60
Poultry manure 60 80
Maize silage 52 202
Grass silage 52 172
Organic waste 61 100

The most commonly used substrate with manure for co-digestion is maize silage. The yield of
different raw materials is shown in Table 1. Comparing the biogas yield of maize silage with the
biogas yield of liquid cattle manure, the biogas yield from maize silage is 8,08 times higher [19].

The use of lignocellulosic substrates after pre-treatment [20] for biogas production should be
evaluated. Given that the use of maize and rapeseed silage in biogas production will no longer be
acceptable, it is necessary to find new raw materials that occurs as a result of other processes as
waste. Considering that a half of Latvia’s territory is covered by forests in 2016, and 36.5 % of
Latvia’s territory is covered by agricultural lands, Latvia has a big potential to use harvesting and
agricultural crop residues and waste, which have high levels of lignin in their content [21].

Grasslands have a variety of functions in agriculture — not only are they primarily the main
source of feed for livestock, but overall, they provide benefits such as carbon storage and soil
protection from erosion, groundwater formation and habitat formation in diverse landscapes and
natural foundations [22]. Although grasslands can be used in the production of lignocellulosic
bioethanol, synthetic natural gas or synthetic biofuels, according to the Green Biorefineries
concept, the sustainable use of grass biomass is directly linked to the production of biogas [22].
Knowing the feasibility of successful processing of such raw materials and their practical
application, it is understandable that they are potential raw materials also in the agricultural
conditions of Latvia.

Anaerobic digestion has been mainly implemented for the management of animal manure,
organic and agricultural waste, sewage sludge, plant green mass etc. [23]. Theoretically it is
possible to use forest and wood processing waste and peat [24].
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Manure is the most suitable material for biogas production. The easiest way to get biogas is
from cattle manure. The dry matter content of the manure depends on the used amount of litter,
moreover if a lot of washing water is used, the manure is watery [25].

Pig manure is also very suitable for biogas production, because it contains not only manure, but
also feed residue and litter. Bird manure is very suitable for biogas production also, but there tends
to be sand and feathers mixed in the manure, which can cause problems, when specially adopted
pumps are not used. Because of the high concentration of nitrogen, it is advisable to mix poultry
manure with cattle manure [24].

2. METHODOLOGY

Multi-criteria analysis was carried out to determine Latvia’s biogas sector potential — to
predict the best feedstock depending on resources available in the country, which of the
substrates for biogas production has the highest potential and sustainability. The following
raw materials were analysed in this multi-criteria analysis: cattle manure, pig manure, poultry
manure, sewage sludge, organic waste, wood, straw, maize silage.

The year 2017 was used for data collection, and multi-criteria analysis does not take into
account the size of the farms, which is related to the actual number of livestock, manure
collection technology and the transportation distance from the raw material extraction site to
the biogas plant.

For the purpose of multicriteria analysis, the efficiency of different feedstocks in terms of
yield, were how many cubic meters of biogas can be obtained from a ton of a given feedstock
was analysed. The efficiency of raw materials was determined as an average value [26]-[28].

In order to determine the importance of using a particular substrate in the production of
biogas, data was collected on how many emissions could be eliminated altogether, thus
approximating the proportion of their availability and importance, and environmental impact
depending on how much this material is produced in one year and its emission factor. To
calculate objectively the amount of emissions that could potentially be avoided (both nitrous
oxide and methane), emissions were compared to carbon dioxide equivalents and added up.
1 kg of nitrous oxide was calculated as 298 kg carbon dioxide, while 1 kg of methane was
calculated as 25 kg carbon dioxide [28].

In total three main criteria were considered: substrate efficiency, environmental
friendliness, and economic feasibility.

TABLE 2. CHARACTERISTICS OF LIVESTOCK NUMBERS AND EMISSIONS FROM MANURE
MANAGEMENT IN 2017 [29]

cate ) maturecatte cale | P9 Poulry
Population size, thousands 150.4 77.5 177.9 320.6 4943.8
CHjemissions, kt 2.60 0.15 0.20 0.79 0.07
CH,emissions, kt CO, equivalent 65.00 3.75 5.00 19.75 175
N,O emissions, kt 0.11 0.01 0.02 0.02 0.01
N,O emissions, kt CO, equivalent 32.78 2.98 5.96 5.96 2.98
Emissions in total, kt CO, equivalent 97.78 6.73 10.96 2571 AT73

In order to determine, which is the most important criteria, a survey and a vote was carried
out among different experts in the field of biogas production. As a result, of the 100 % experts
voted that the most important criteria was climate friendliness with 35 % as the deciding
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factor. Only 5 % less important was the technological aspect responsible for substrate
efficiency. The economic justification for this sector’s priorities and comparison with the
other two criteria was determined as the last one with 35 %.

In order to objectively determine the potential of manure for biogas production, a summary
was made, which is shown in Table 2, to summarize the amount of specific livestock manure
and emissions in Latvia in one year.

Since the information about livestock population and emissions for 2017 is available, it is
used for the analysis. Table 2 shows that although poultry has the highest numbers, methane
emissions from cattle are the highest and to use them for biogas production would be more
significant, if only by looking at annual emissions, because altogether cattle emissions reach
115.47 kt/year, but pig manure is also a very important resource, although the number of pigs
is 21 % lower, the emissions emitted are still significant.

Domestic and industrial wastewater emissions are calculated and showed in Table 3.

TABLE 3. WASTEWATER DRY CONTENT AND EMISSIONS IN 2017 [29]

Total CH,

organic CH, emissions N,O N,Oemissions In total,
emissions 2~ 2

product, Kt ! 25 lj:i\(?azlent Kt emissions, kt as CO, Ie(t L?i\?;lent

kt DClyear q ’ equivalent, kt a

Domestic 427 3.16 79.00 011 32.78 111.78

wastewater

Industrial 1351 0.07 175 0.00 0.00 175

wastewater

Methane emissions from solid waste are shown in Table 4. In total both managed and
unmanaged waste disposal sites emit 403.50 kt CO, equivalent per year, because of the
organic waste in disposal sites. This problem could be partly overcome by changing the
shopping and eating habits of people, thus reducing the amount of food thrown away.
However, such a shift in people’s behaviour takes a long time and, until it is successful, this
“waste” can be used effectively in biogas production because it is creating the biggest
emissions of all analysed raw materials in this research.

TABLE 4. ANNUAL SOLID WASTE EMISSIONS IN 2017 AT THE WASTE DISPOSAL SITES [29]

Annual waste, kt CH, emissions, kt CH, emissions, kt CO;

equivalent
Managed waste disposal sites 230.62 10.55 263.75
Unmanaged waste disposal sites - 5.59 139.75

3. RESULTS

In order to determine, which feedstock is the most economically advantageous for biogas
production, information on feedstock prices was collected. The largest advertisement portal
in Latvia www.ss.com was used to find out the price of manure, as well as straw and corn,
which showed that, on average, cattle manure is sold for 3 €/t , poultry manure for 2 €/t, but
pig manure is charged a very symbolic price of about 1 €/t [30]. Straw bales were found to
weigh an average of 0.45 t, but 1 bale is sold for an average of 7 €/piece, while 1 t of corn
silage costs 50 € [30]. By making the calculations, 1 t of straw costs 15.56 €/t. A symbolic
price of 1 €/t was adopted for wastewater sludge. The price of organic waste was determined
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by obtaining information on the website of the largest landfill site in Latvia, where it is offered
to deliver the organic waste to landfill for 60.81 €/t +VAT. It means that the cost of
transferring the waste in total with VAT costs is 73.58 €/t [31]. As the transfer of this waste
costs a certain amount of money, its use at the on-farm biogas plant means a reduction in
costs and for that reason the cost of organic waste is shown with a minus sign in Table 5.
According to surveys of the biggest woodchip suppliers, its price is currently 12 €/md. Given
that 1 t of woodchips is equivalent to 3.5 m® of woodchips, the price per t is assumed to be
42 €.

Summarizing the information obtained on the biogas efficiency of the particular feedstocks
as well as the price per t of the feedstock, it is possible to obtain an economic justification for
each substrate. To obtain the cost of producing 1 m® of biogas from a given substrate, the
substrate price was divided by the substrate efficiency.

TABLE 5. CALCULATION OF ECONOMIC JUSTIFICATION FOR EACH SUBSTRATE

Effectivity, yield of Economically justified,

Price of the feedstock, €/t

biogas, m*/t €/m° biogas
Cattle manure 35 3.00 0.09
Pig manure 44 1.00 0.02
Poultry manure 80 2.00 0.03
Sewage sludge 218 1.00 0.01
Organic waste 100 —73.58 -0.74
Wood 35.5 42.00 1.18
Straw 190 15.56 0.08
Maize silage 202 45.00 0.25

As a result, the three main criteria identified as determinants of biogas substrate selection
were summarized in Table 6 for objective comparison.

TABLE 6. MULTI-CRITERIA ANALYSIS VALUES

Effective Env.irc')nmentally friendly' . jEquct)ir}?égica”y
o iogas iy (ST o beclletsdnLatvia, TR

Cattle manure 35.0 115.47 0.09

Pig manure 44.0 25.71 0.02

Poultry manure 80.0 4.73 0.03

Sewage sludge 218.0 113.53 0.01

Organic waste 100.0 403.50 -0.74

Wood 355 0.00 1.18

Straw 190.0 0.00 0.08

Maize silage 202.0 —6.56 0.25

After gathering information about the substrates, it can be seen that the highest efficiency
of biogas production is in the production of biogas from sewage sludge as well as maize
silage. Straw does not lag behind in the productivity of maize silage biogas. The lowest
efficiency is observed in cattle manure and wood, with average efficiency values almost
equal. Only slightly higher efficiency is observed in pig manure.

372

133



Environmental and Climate Technologies
2020/ 24

Considering which raw material should preferably be selected for the most environmentally
friendly production of biogas, it appears that the most airborne emissions can be prevented
by anaerobic fermentation of organic waste. The use of sewage sludge for biogas production
as well as the use of cattle manure would provide about 3.4 times less, but still significant
emission savings. Equally important is the use of pig manure, but their total methane
emissions are lower due to pig numbers. It is also very important to use poultry manure, as
their biogas efficiency is only 20 % lower than the efficiency of solid waste, but their
environmental impact is less significant due to the quantitative value of this manure. The
emissions from biogas maize production in Latvia is the only substrate considered here that
generates emissions rather than being neutral.

Economically, the most detrimental raw material for biogas production is wood, if
purchased as wood chips, but the most advantageous is the use of organic waste, as it not only
allows biogas to be produced, but also helps to reduce the cost of waste transfer to landfills.

In order to determine objectively the best raw material for biogas production, the TOPSIS
model was developed.

After the TOPSIS methodology calculations were made, a rating was obtained of which,
according to the accepted three criteria (environment, technology, economic), indicates where
the given substrate is ranked from the most suitable substrate for biogas production in Latvia
ranked first to the worst substrate from this list, ranked in the last 8™ place.

Pig and poultry manure were ranked in the first two places according to the criteria, while
straw with pre-treatment was ranked 3'; cattle manure was ranked 4™, and sewage sludge
ranked 5. The last three places are organic waste, corn and wood, which took a convincing
last place in the ranking.

Pig manure | 0.70
Poultry manure | E—— .70
Straw [ —— 0.64
Cattle manure | 0.63
Sewage sludge [N 0.59
Organic waste [ 0.59
Maize silage | 059
Wood [N 0.43

0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80
Fig. 1. Relative closeness to the ideal solution with TOPSIS method.

Fig. 1 shows that the raw materials are basically divided into four groups according to the
suitability of the substrate for biogas production:
—  Group with convincing highest relative closeness to the ideal solution with TOPSIS
method, which includes pig and poultry manure and have very similar values;
— Group with the second highest relative closeness to the ideal solution with TOPSIS
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method, which includes straw and cattle manure and have very small difference in
values between them;

— Group which includes sewage sludge, organic waste and maize silage — feedstocks,
the numerical value of which in terms of relative closeness to the ideal solution is
nearly the same;

— Group which consists with the worst feedstock among the ones considered for the
particular biogas production method is wood.

4, CONCLUSIONS

A multi-criteria analysis using TOPSIS methodology and taking into account three main
parameters: economic feasibility, substrate efficiency, and environmental aspects, showed
that pig manure is the most suitable raw material for biogas production in Latvia, while
poultry manure was ranked second, with very little difference in value from pig manure.

Despite the claim that lignocellulose rich plants are not a successful choice for biogas
production, straw was the third best substrate for biogas production in Latvia, and cattle
manure was in 4™ place. Wood was identified as the most unsuccessful choice for biogas
feedstock.

The penultimate place in the ranking was for specially grown maize for biogas production,
which until now has been a popular substrate for agricultural biogas production.

Based on the criteria used in the model, the organic waste and sewage sludge are roughly
the same as biogas maize in the rating. This work proves that pre-treatment straw can serve
as a great substitute for biogas maize.

The use of any waste for energy production is important, but the greatest potential shows
in agricultural biogas from manure and straw.
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Abstract — Agriculture sector holds an essential role in Latvia’s economy and play significant
role in keeping rural areas as a habitable environment (approximately 32 % of the population
lives in rural areas). The agricultural sector is responsible for 28.5 % (2018) of total non-
European Union Emissions Trading System (non — EU ETS) greenhouse gas (GHG) emissions
in Latvia. The largest part of emissions is related to agricultural soils (59.3 %) and enteric
fermentation 32.6 % (mainly dairy and beef cattle). The GHG emissions trend of recent years
shows a gradual and steady increase in GHG emissions for example between 2005 and 2018
+12.5 % and during the period 2013-2018 emissions increased by 2.12 %. According to
Latvia’s National Energy and Climate Plan 2021-2030 (NECP), total GHG emissions in the
agricultural sector are expected to increase in the period from 2020 to 2030, mainly in the
enteric fermentation and agricultural soil categories. To achieve determined targets for
Latvia’s non-EU ETS sector in 2030 and be on track to reach climate neutrality in 2050, the
agricultural sector has to contribute to GHG emission mitigation. For the agricultural sector,
improved food security and climate smart activities will be necessary to achieve GHG
emission reduction. Existing policies and measures (WEM) as well as those which are included
in the NECP as additional measures (WAM) were used to assess more suitable measures to
move on climate smart agriculture (CSA), that could help to decrease GHG emissions at the
farm and state level as well as is expected to contribute towards achieving the commitments
in the plan. To achieve the aim of the study, a combination of the Delphi method together with
multi-criteria analysis (MCA) is utilized to find a set of top GHG mitigation measures in the
future. Results show that, in the future, the measure support the development of innovative
technologies and solutions to promote resource efficiency in agriculture is essential to move
on climate smart agriculture.

Keywords — Climate smart agriculture; sustainable agriculture; Delphi method; GHG
emissions; innovative technology; measures, mitigation

1. INTRODUCTION

Latvia reduced GHG emissions from agriculture between 1990 and 2018 by 53 %, however
in the latest years and future projections, a rising trend has developed [1]-[5]. In the
agriculture sector, the increase in emissions is projected to be lower with implementation of
additional policies and measures (WAM) scenario, e.g. support to precision farming practices,
the reduction of nitrogen fertilizer use and biogas production than in the scenario with existing
measures (WEM) 8.2 % [5]. According to the European Green Deal, it is planned to improve
people’s well-being and making Europe climate-neutral including a decrease of emissions
while creating jobs [7]. To move on these ambitions, the European Commission proposes to
revise relevant climate policies, for example, targets to reduce emissions in sectors outside
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the EU ETS. To reach these ambitions, action will be required by all sectors of the economy,
including agriculture nevertheless it is not so easy. One of the main challenges facing the
agricultural sector is to provide food for increasing population at the same time reducing its
influence on the climate and the environment [8]-[10]. According to the Intergovernmental
panel on climate change (IPCC) Synthesis report (2015), the most profitable mitigation
possibility is cropland and grazing land management as well as organic soils renewal in
agriculture. Efficient mitigation and adaptation are related to implementation of policies and
measures at several levels, including avoidance of use of less labour-intensive technologies
in the agricultural sector [11], [12].

The Farm to Fork Strategy determines matters of sustainability of food as well the support
granted to farmers. This Strategy includes the following main targets: agriculture of EU be
organic 25 % by 2030, decrease the utilization of pesticides by 50 % until 2030, reduce use
of fertilizers by 20 % by 2030, decrease loss of nutrients in soil at least 50 %, decrease
antimicrobials use in agriculture and in aquaculture by 2030 by 50 %, create food labelling
sustainable, reduce wastes of food by 50 % by 2030. All these mentioned initiatives include
moving on climate smart agriculture (CSA) and contribute to the achievement of the
sustainable development goals [13].

In literature there are more definitions related to CSA. In 2009, for the first time the CSA
idea was initiated [14]. The term was reflected at the Hague Conference on Agriculture, Food
Security and Climate Change by the Food and Agriculture Organization of the United Nations
(FAO) in 2010 [15]. According to the FAO often used definition of CSA agriculture is that
increases productivity in a sustainable way, increases resistant, decreases GHG, and increases
the achievement of national food security and goals of development [16]. Lipper et al. also
noted that definition and essential aim of CSA is the development and security of food [17]
and productivity, adaptation, mitigation are pointed out as three interconnected activities to
reach this aim. As well Lipper et al. [17] say that CSA could be explained as an approach for
reorienting and transforming agricultural development taking into account climate change.
However, A. Amin et al. stated that CSA can be determined as agricultural productivity
growing in a sustainable way, building and adapting resilience to climate change, GHG
emission reduction [18] as well as that it is a possibility to increase the policy, technical, and
investment on the environment to get continual agricultural growth for food protection due to
change of climate. As it is written by L. Lipper and D. Zilberman [14], CSA aims to provide
comprehensive appropriate principles of agricultural management for food security due to
climate change that would ensure a foundation upon which to build policy support as well as
recommendations of organizations. FAO emphasizes three objectives of CSA (see
Fig. 1.) [19], which can contribute to achieve the Sustainable Development goals.

mitigation

sustainably adaptation of
increase to climate greenhouse

productivity change gas
emissions

Fig.1. Objectives of climate smart agriculture.

It is recognized that to reach the objectives set in Fig. 1, agricultural production and food
systems will need to use natural resources and other inputs in a more efficient way and
become more resilient to change [20].
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CSA is also mentioned in literature as an integrated approach to better adapt crops and
livestock to climate change as well as agricultural methods, and thus reduce GHG emissions,
considering also technological and environmental availability factors [21] at the same time
taking into consideration the growing population for which there needs to be a guarantee in
food security [22]. Thus, the emphasis is not simply on sustainable agriculture, but also on
increasing agricultural productivity. The CSA is consistent with the vision of FAO and also
supports the aim to turn agriculture into a more sustainable and efficient sector [15].

Smart agriculture is directed towards guiding the land supply and depending on its status,
focusing on suitable growing parameters, such as material content, fertilizer, moisture — to
ensure production of the appropriate crop that is in demand. The ways precision farming is
implemented depends on the software used by sustainable entrepreneurs [23]. In the
management of agriculture, reasonable intensification is necessary [24] and CSA is the
solution [25]. Challenges related to climate change in the agricultural sector ask for
acceptance of innovative methods in order to increase resilience, decrease influence, while
supporting the productivity of the farm [26]. This set of activities has been also widely
indicated by the FAO (2010).

Many policy instruments might be implemented for CSA practices adoption in agriculture
sector, for example, regulatory and economic instruments (taxes, compensations) as well as
on information-based instruments (e.g. Certification and labelling) [27]. The EU encourages
Member States to include CSA principles in their Strategic Plans of Common Agriculture
Policies through economic instruments.

Two methods (approaches) were used to enhance the methodology for agriculture sector to
valorize climate change mitigation measures:

1. Delphi method;
2. Multi-criteria analysis.

Using the Delphi approach or technique in analysis of information it can be also deemed as
Evaluate-Talk-Evaluate [28]. In literature the first use of the Delphi method is mentioned to
have been used for technology projections and science and it was applied in economic trends,
education and health [29].

2. METHODOLOGY

The objective of this study is the evaluation of a methodological approach for the mitigation
GHG emissions from the agricultural sector in a way which is climate smart. To meet the aim
of the study, the methodological concept used is the combination of the Delphi method
together with multi-criteria analysis. The ETE approach is used to get expert opinions
regarding existing and planned policies and measures for GHG emission reductions in the
agricultural sector. The aim of the method is to collect the opinions and judgments of experts
about issues in terms of possibilities in the future, likelihood and usefulness of
implementation [30]. The approach of the method — the opinions of the experts are
summarized in a process of communication by a planned group [28]. The method of Delphi
is formulated on the idea that future predictions from a planned group of individuals are more
precise if compared to unplanned groups [29]. The main characteristics of the Delphi method
are: experts can remain anonymous, management of the survey is in several rounds, and
feedback can be sought from the experts [30]. Experts were selected according to their
competence. Nineteen GHG reduction measures with existing policies and measures and with
additional policies and measures were included in the survey. These measures are taken from
Latvia’s latest submitted fourth biennial report (Latvia’s BR4) to the United Nations
Convention on Climate Change (UNFCCC) and from Latvia’s National Energy and Climate
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Plan 2021-2030 [31], [32]. Each of the experts was asked to assess these nineteen mitigation
measures from an economic, engineering-technical, environmental/climate and social aspect.

The initial inputs of the experts are in the form of answers to the questionnaire and their
comments on these answers. The questionnaire was sent to 25 experts with knowledge on the
issue. Experts were asked to prepare their own opinion/prediction. All participants remained
anonymous. 18 experts answered questionnaires in two rounds. Experts provided answers and
additional descriptions and judgments.

Between these two rounds of the survey, a multi criteria analysis was performed, which
allows for the prioritization and assessment of different measures from the economic,
technical, environment/climate and social perspective. It is stated by Pubule ef a/., that multi
criteria analysis generally includes a weighted set of criteria [33]. To assess and find the most
optimal scenario, TOPSIS (the Technique for Order of Preference by Similarity to Ideal
Solution) was used, which was made by Hwang and Yoon [34]. The goal of this approach is
to help in making a decision by grouping alternatives according to how they fit in with the
best solution [35].

Additionally, experts were asked to consider first round replies taking into account the
answers of other experts to get an overview/opinion regarding future projections for the most
appropriate measures for GHG reduction and for a move to smart agriculture, where the
efficient use of resources is one of the main goals.

The basic concept scheme used for the evaluation is shown in Fig. 2.

Survey
(First round)

Analysis of
result

Feedback

Multi criteria

analysis
Feedback
Survey
(Second round)
Analysis of Feedback
result

Fig. 2. Scheme of the used Delphi technique and TOPSIS for analysis.

A set of WEM and WAM policies and measures implemented, adopted and planned in
Latvia’s BR4 and NECP 2021-2030 focuses on developing programs and implementing
measures on farms in different clusters to reduce GHG emissions from the agricultural sector.
The following key policies and measures were reported in Latvia’s BR4: increased land area
of organic farming, legumes growing, support for advancing precision farming technologies
and livestock feeding practices, promoting the reduced use of nitrogen fertilizers, including
biogas production, maintenance of amelioration systems [36].
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As the trend of GHG emissions from the agricultural sector shows an increase of emissions,
the NECP includes the following to solve this problem: measures to promote the precise and
efficient use of fertilizers, direct injection of slurry in soil; measures to improve soil fertility —
maintenance of drainage systems, nitrogen sequestering crops as a part of crop rotation, under
sowing grass, green fallow; measures that improve animal nutrition — improvement of feed
quality, feed ration planning; measures to improve manure management systems — promotion
of biogas production, organic dairy farming [37]. Unfortunately, a budget is not provided for
all planned measures, therefore the implementation of these measures may be jeopardized.
Research of Latvia’s University of Life Sciences and Technologies related to GHG reduction
measures are used for determination of appropriate additional measures and policies for
Latvia’s agriculture in the NECP [38]. Popluga D., Naglis—Liepa K. indicate that beneficial
management practices are one of the globally most recognized methods to evaluate GHG
emission potential and applied this approach to determine the following measures as the most
appropriate — introduction of leguminous plants on arable land, nitrogen balance, lengthened
grazing season, strategies of feeding, production of biogas [36], [39]-[41]. To evaluate the
more eligible GHG emission decreasing measures for Latvia, a marginal abatement cost curve
(MACC) was used [42].

Below are short descriptions of some of the GHG reduction measures and policies for WEM
and WAM scenarios for the agricultural sector according to Latvia’s BR4 and NECP [4], [3]:

— Use of precision agriculture technologies in farms for crop growth to reduce use of
nitrogen — related with the use of nitrogen fertilizer reduction and thus reduction of
nitrogen leaching and run-off. This measure reduces nitrous oxide emissions from
agricultural soils;

— Promotion of precision cattle feeding approach, including feeding plan development
and support the use of good quality feed for increasing digestibility — the aim of this
implemented measure is to contribute to the use of good quality food for livestock thus
decreasing methane emissions and increasing digestibility;

— Introduction of leguminous plants on arable land — related to the use of pulses as
fodder and manure in the rotation of crops and thereby contributing to the use of
nitrogen fertilizer reduction. This measure could reduce emissions of nitrous oxide
from the use of inorganic N fertilizers and organic N fertilizers. Financial support is
provided for the implementation of this measure according to national legislation;

— Management of nitrate vulnerable territories — related to the restriction of nitrogen
usage and thus nitrogen leaching reduction as well as protection of water pollution
from nitrates;

— Water and soil protection requirements from pollution-related nitrates — measure to
restrict nitrogen usage and reduce nitrogen leaching. This measure reduces indirect
N>0O emissions from managed agricultural soils;

— Crop fertilization plans in vulnerable zones —measure for farmers in highly vulnerable
areas who have an area of 20 and more hectares and grows potatoes, vegetables and
are required to document the field history for at least three years, if fertilizers are used.

— Requirements for manure storage and spreading — related to requirements of manure
storage outside the animal shed and is for farms in vulnerable territories;

— Maintenance and modernization of amelioration systems on agricultural land —
measure reduces indirect N>O emissions from N leaching and run-off from agricultural
land and is used for implementation in croplands on mineral soils, where, due to
unfriendly circumstances, are not easy to get high yields, especially in the spring time,
which are induced by drainage systems wearing. Financial support for renovation of a
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drainage system is made according to established national legislation. Modernization
of amelioration systems on agricultural land is planned to increase arable land area
with improved and maintained amelioration systems, thereby reducing nitrogen
leaching and run-off from agriculture land;

Promotion of biogas production —measure for usage of bioresources (mainly or only
manure) to produce biogas which is used to generate electrical and/or thermal energy.
By implementing this measure, the manure is efficiently used, the odor is reduced and
a high-quality fertilizer called digestate is obtained;

Organic farming land area increase — related to methods of farming with inorganic
nitrogen fertilizers use reduction and leaching, increased biodiversity and
environmentally favorable impact on nature;

Extensified crop rotation — related with use of green manure in rotation of crops and
promoting organic dairy farming. The main aim of the measure is to promote transition
of small and medium-sized conventional dairy farms to the organic farming system,
thus facilitating low emission dairy farming;

Support for fertilization planning — the main aim of the measure is to expand arable
land and increase the number of medium-sized crop and livestock farms where
fertilization planning and practical implementation that is based on knowledge about
agrochemical properties of soil has not been done previously;

Promote inclusion of leguminous plants in crop rotation for nitrogen fixation — the
main aim of the measure is to expand arable land and increase number of farms where
leguminous plants are included in crop rotation thus contributing to atmospheric
nitrogen fixation and reduction of application of inorganic nitrogen fertilizers;
Promote and support for precision application of inorganic nitrogen fertilizers —
related to expanding arable land and increasing number of farms where precision
technologies for application of inorganic nitrogen fertilizers are used in the planning
of fertilizer schemes and spreading;

Promote and support for direct incorporation of organic fertilizers into the soil (using
specific technology) — related to expanding arable land where organic fertilizers are
directly incorporated into the soil thus promoting more efficient use of organic
fertilizers;

Promote feed ration planning — related to increased number of cows the feed rations
of which are balanced for reduced crude protein level without loss in milk production;
Promote improvement of feed quality — related to increasing the number of cows who
are fed with feed (in this measure special attention is paid to hay, hay silage, grass
silage) with high digestible energy (i.e. digestible energy is more than 68 %);
Promote biogas and biomethane production and biomethane use — related to ensure
the installation of biogas production and biogas purification (biomethane production)
facilities on farms that have not yet had biogas production and purification facilities;
Support the development of innovative technologies and solutions to promote resource
efficiency, GHG reduction/CO; sequestration in agriculture — measure whereby
support will be provided for the development of the new technologies and innovative
solutions for GHG emission reduction and increase of CO; removal. Unfortunately,
the financial source is not indicated.
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3. RESULTS

This paper introduced a way of measuring policies and measures in the agricultural sector
for evaluation GHG reduction based on the Delphi method and multi criteria analysis where

the criteria taking into account include:

economic,

environmental/climate and social. Criteria weights were determined by experts.

TABLE 1. WEIGHTED NORMALISED MATRIX

engineering-technical,

Measures Economical  Technical Climate Social
P}romote anq support for precise application of inorganic 0.075 0.070 0,073 0.022
nitrogen fertilisers
Support for fertilisation planning 0.088 0.074 0,074 0.023
Requirements for manure storage and spreading 0.063 0.065 0,075 0.022
Prompte apd support for direct incorporation of organic 0.060 0.064 0.070 0.023
fertilisers into the soil
Use qf precision agrlcultur‘e technologies in farms for crop 0074 0.068 0.072 0022
growing to reduce use of nitrogen
P}romote mclu.swn of leguminous plants in crop rotation for 0.073 0.072 0.071 0.024
nitrogen fixation
Suppfn‘t and promote intercropping system in cereal 0.065 0.063 0.060 0.021
growing
St_lpport and promote green fallow introduction before 0,064 0067 0057 0022
winter crop sowing
Promote organic dairy farming (low emission dairy farming)  0.061 0.071 0.068 0.027
Promote precision cattle feeding approach, including
feeding plan development and support good quality use of 0.087 0.079 0.072 0.023
feed to increase digestibility
Promote improvement of feed quality for cattle farms 0.078 0.074 0.070 0.024
Promote biogas production 0.060 0.064 0.072 0.024
Eggmote biogas and biomethane production and biomethane 0.060 0.062 0.073 0.025
Ma}ntaln and modernise amelioration systems on 0.070 0.066 0.061 0.023
agricultural land
Promote the conservation of perennial grassland on 0,057 0.072 0.068 0.023
livestock farms
Management of nitrate vulnerable territories 0.063 0.067 0.057 0.019
Water an.d soil protection requirements from pollution- 0.059 0062 0.064 0.022
related nitrates
g;e(;ate a map of the distribution of peat soils on agricultural 0.066 0,067 0.070 0.022
Support the development of innovative technologies and
solutions to promote resource efficiency, GHG 0.072 0.074 0.074 0.025

reduction/CO; sequestration in agriculture
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Based on the results of the first round of the survey, TOPSIS was used. A normalized and
weighted matrix for decision making of the evaluation of measures to reduce GHG emissions
in the agricultural sector are shown in Table 1 and Fig. 3.

Support the development of innovative technologies. .
Create a map of the distribution of peat soils on..
Requirements for the protection of soil and water..
Management of nitrate vulnerable territories
Promote the conservation of perennial grassland on..
Maintenance and modernization of amelioration..
Promote the production of biogas and biomethane..
Promote biogas production

Promote improvement of feed quality for cattle farms

Support for evolving of precision livestock feeding.
Promote organic dairy farming (low emission dairy..

Support and promote green fallow introduction..
Support and promote intercropping system in cereal..

Promote inclusion of leguminous plants in crop..

Support for evolving of precision agriculture..
Promote and support for direct incorporation of.. r——

Requirements for manure storage and spreading — ——————

Support for fertilisation planning

Promote and support for precision application of. . ————

01 02 03 04 05 06 07 08 09 1

(=]

Fig. 3. Ranking of measures by TOPSIS.

The obtained results showed that, taking into account all criteria, the most effective
measures are: promotion of precision cattle feeding approach, including the development of
feeding plans and support good quality use of feed to increase digestibility; support the
development of innovative technologies (e.g. the development of information and
communication technologies [43]) and solutions to promote resource efficiency; GHG
reduction/CO; sequestration in agriculture.

The first round of survey shows that, according to experts, there are farmers that do not
trust new technologies and would like to work as usual. While mostly the young farmers are
ready to change and move towards smart technologies thereby also on smart agriculture,
support for fertilisation planning, promote improvement of feed quality for cattle farms.

Taking into account the results of the multi-criteria analysis, policies and measures were
grouped in order of importance (see Table 2) and then asked for experts to forecast the leader
of future measures for GHG emission reduction in the agricultural sector taking into account
only the leading measures.

According to the second round of the survey, all involved experts forecasted that in the
future the complex measure Support the development of innovative technologies and solutions
to promote resource efficiency, GHG reduction/CO; sequestration will be at the top of all
measures in the agricultural sector. This measure is forecasted to be one of the core measures
to be developed within the implementation of sustainable and smart agriculture in the future.
According to the view of experts in this survey, this measure could contribute to reduce GHG
emissions considering sustainable agricultural management, animal rearing techniques, as
well as nutrient management improvement, including precision farming.
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TABLE 2. GROUPED POLICIES AND MEASURES BY PRIORITY
Priority Policies and measures
Leader Promote precision Support for Promote Promote and Support the
(0.6-0.9) cattle feeding fertilisation improvement of  support for development of
approach, including planning feed quality for precision innovative
feeding plans cattle farms application of  technologies and
development and inorganic solutions to
support good quality nitrogen promote
use of feed to increase fertilisers resource
digestibility efficiency, GHG
reduction/CO,
sequestration
Strong Promote inclusion of Use of precision  Requirements
(0.4-0.6)  leguminous plants in agriculture for manure
crop rotation for technologies in storage and
nitrogen fixation farms for crop spreading
growth to reduce
use of nitrogen
Moderate Create a map of the Promote organic ~ Promote biogas Promote the Support and
(0.2-0.4) distribution of peat dairy farming and biomethane  conservation promote
soils on agricultural (low emission production and of perennial intercropping
land dairy farming) biomethane use grasslands on system in cereal
livestock growing
farms
Maintain and Promote organic ~ Promote biogas Promote and Support and
modernise dairy farming production support for promote green
amelioration systems (low emission direct fallow
on agricultural land dairy farming) incorporation introduction
of organic before winter
fertilisers into crop sowing
the soil
Modest  Management of nitrate ~ Water and soil
(0-0.2) vulnerable territories protection
requirements

from pollution
related nitrates

4. CONCLUSION AND DISCUSSIONS

In this study key policies and measures within WEM and WAM scenarios for the
agricultural sector were used in accordance with Latvia’s BR4 and NECP to evaluate top
GHG measures for emission reductions to mitigate climate change in the future. For this
analysis, a combination of two approaches: Delphi method and MCA were used. The opinion
of experts about the most appropriate measures for decreasing emissions was gathered in two
rounds using the Delphi approach. A combination of the Delphi method and MCA allowed to
range the measures in order of importance and then, in the second round, to ask experts to
evaluate the most significant measure (from those analyzed) to combat climate change. The
results show that, in the future, the measure Support the development of innovative
technologies and solutions to promote resource efficiency, GHG reduction / CO;
sequestration in agriculture is essential to move on climate smart agriculture and net-zero
emissions balance in 2050. At the same time, it should be noted that important environmental
protection measures are management of nitrate vulnerable territories and water and soil
protection requirements from pollution related nitrates which were grouped as modest
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priority. Making more intelligent/innovative farming will help to improve quality of products
and agriculture sustainability as well as decrease costs. To implement this measure within the
daily life of farmers, more training courses are necessary and support from the government is
also needed. Therefore, to stimulate innovative technologies for decreasing GHG emissions
and help farmers adapt to climate change a largescale transformative approach, including
change in agriculture policy is needed. It is important that the creation and development of
new technologies, higher value-added products and services requires the establishment of
carbon farming practices, as well as investments in research as well. Furthermore, to achieve
GHG emission reduction in agriculture sector without people changing behavior is not
possible therefore activity in this field is very essential and policy makers should focus much
more on it.

Usage of the combination of the above mentioned methods in policy planning could support
policy makers with better results through already prescreened GHG mitigation measures for
agriculture sector.
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Abstract — The European Green Deal sets an ambitious target for Europe to reach climate
neutrality by 2050. This commitment will be a challenge, particularly in the context of
agriculture, as the sector is responsible for sustainable development and food security.
However, one of the primary sources of GHG emissions from the agricultural sector is the
treatment of soils using nitrogen fertilizers for crops, especially grain crops. This paper aims
to assess the GHG mitigation perspective for soil management in the Baltic States and, in
particular, to analyse the grain sector in light of sustainable agriculture and towards climate
neutrality. To achieve the aim of the study, the analysis was performed in two parts. Firstly,
historical and projected GHG emissions of the Baltic States and mitigation measures on
agricultural soil management, including cereal growing were analysed as these emissions
show a growing tendency. Thus, the study analyses GHG emission trends, including possible
mitigation measures for soil management in the Baltic States. The results indicated that for
GHG reduction from agricultural soils, some cost-effective measures could be considered
for the future, such as the zero-emissions on-farm machinery and equipment, low or no-
tillage, or N-inhibitors on pasture. Secondly, as the GHG emissions from cereals increase,
potential alternatives to the use of grain production have been explored to assess the highest
possible added value from the product use, thus also contributing to GHG reduction. In this
regard, according to scientific literature, a survey was created in the form of a questionnaire
based on 32 alternatives, 4 large product groups, and 4 criteria for cereal and straw
processing. The respondents were requested to provide an assessment of alternatives, and
consequently, a multi-criteria decision analysis (MCDA) was performed using the TOPSIS
method. The results reveal the best alternatives from each of the product groups
consequently is flour from food products, minerals from a pharmaceutical, biogas from a
form of transport and reusable tableware from straw-based products, as a possible cost-
effective mitigation measure for soil management from the perspective of the development
of sustainable agriculture sector and the transition towards climate neutrality

Keywords — Agricultural soils; cereals; GHG emissions; grain; high value-added products;
mitigation measures

1. INTRODUCTION

In 2020, the European Commission (EC) adopted the European Green Deal [1] and, based on
its framework, has launched several initiatives that deal with agricultural issues and rural areas.
It is planned that these initiatives will help to achieve an ambitious climate target, with the Farm
to Fork Strategy [2], the European Climate Law [3], and the Circular Economy Action Plan [4].
At the European Union (EU) level, the Member States collectively committed to reducing GHG
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emissions by at least 55 % by 2030 compared to 1990 levels [5]. In 2021, the EU launched the
‘Fit for 55 package’, including targets for each Member State within this framework [6], [7].
Negotiations on specific targets are ongoing, however, without any innovations, investments or
employment creation, it will not be possible to decrease GHG emissions in the agricultural
sector.

The EU Common Agricultural Policy (CAP) is one of the central policies driving agricultural
development. The reform of the CAP is now increasingly focused on the joint goals of
sustainable natural resources management and climate action [8]. In June 2018, the EU agreed to
further integrate climate change action into the CAP by including renewable energy production
and improving energy efficiency [9], [10]. Direct payments (up to 40 %) are also planned to
achieve climate and environmental goals as part of these changes. Each EU Member State,
including the Baltic States must prepare a CAP strategic plan [11], considering
recommendations designed by EC for each Member State [11], to achieve specific CAP aims,
including climate change and GHG emissions mitigation. The recommendations for the Baltic
countries mainly relate to increasing nutrient use efficiency, improving nutrient management,
encouraging carbon farming, improving management practices for carbon-rich soils and
peatlands, and sustainable crop rotation [11].

According to the data published by Eurostat, cereals are one of the most widely grown crops
in the Baltic States. If compared to 2005, cereals for the production of grain in 2019 increased
by 29 % (EE), 56 % (LV) and 41 % (LT), respectively, and this growing tendency has also been
observed in future projections. Additionally, based on the Baltic States GHG inventories and
projection reports, the GHG emissions from soil management constitute approximately 50 % of
total agriculture GHG emissions. Consequently, to achieve the goals mentioned above and the
targets, it is essential that efforts are made to simultaneously produce products with high added
value without increasing GHG emissions. Therefore, a well-considered pathway toward
transition to climate neutrality in this field is crucial.

2. LITERATURE REVIEW

Analysing available sources on the GHG emissions from the agriculture sector, it can be
observed that the most significant part of emissions comes from agricultural soil management,
approximately 50 % in the countries evaluated [12]-[18]. Fig. 1 demonstrates GHG emissions
per hectare of utilized agricultural area. This analysis reveals differences in farming practices
and land use, and indicates how different land use and farming practices in countries leads to
differences in emission intensities. Lithuania has the highest emissions per hectare of the utilized
farm area among the three Baltic countries, therefore, this indicates a higher level of
intensification of farming activities.
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Fig. 1. GHG emissions per agricultural area (kilotons CO; eq. per thousand hectares) [12].

According to the FAO (Food and Agricultural organization of the United Nations) database,
GHG emission intensity by unit of cereals was calculated (see Fig. 2) to evaluate the
significance of the product. Fig. 2 shows that the highest GHG emissions per unit of cereal
product is in Estonia, followed by Lithuania and Latvia [19]. Over the years, the cereals harvest
in Latvia and Lithuania has increased, and the highest harvest was experienced in 2020.
Comparing the year 2000 to 2020, it can be concluded that the yields in Latvia and Lithuania
have increased by 79 % and 41 %, respectively [19]. To contribute to climate neutrality and
achieve long-term sustainable farming following sustainability criteria, the Baltic States will
need to deal with environment, climate, productivity and effectiveness aspects on the farm.
Additional measures will have to be developed to reduce emissions while considering growing
high-value-added products for use. One of the activities could be the development of national
models and parameters (e.g. emission factors) and improvement of data gathering to evaluate
measures and subsequently track their effectiveness.
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Fig. 2. GHG emission intensity [19].

Crops play an essential role in sustainable food, feed, fiber and energy production; grain crops
can be used as raw materials in the production process of various products [20]-[22].
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Perennial cereals may solve some of the current problems in Western Europe (e.g. control of soil
erosion, reduction of nitrate leaching), however various other issues still need to be
resolved [23]. Even though the farming systems can easily be adapted in rural areas, there are
still questions about integration and compatibility with the existing farming systems [24].
Depending on production priorities, farm policy and markets, farmers may choose to grow
perennial cereals for a variety of reasons including:
1. Environmental objectives (water protection, carbon sequestration, soil health and
biodiversity conservation);
2. Strategies of crop production systems (diversification of cereals, improvement of soil
fertility, reduction of operating costs);
3. Production purpose and value (dual use of feed grain) [25], [26].
Nitrogen fertilization significantly affects wheat productivity, as a considerably higher yield
was observed for fertilizers unlike fertilizers non-fertilizers (+0.8 t —1 on average over two
years) [27], but unfortunately at the same time, N»O emissions are growing.

3. MATERIALS AND METHODS

This study has been developed in two parts, using several methodical approaches to achieve
the aim of the study.

In the first part, the available literature has been examined together with the comparative
analysis method to assess GHG emission trends and mitigation measures for soil management.
As the management of agricultural soils forms the most significant part of GHG emissions, it
was analyzed based on GHG inventories and using the fourth biennial reports submitted by the
Baltic countries to the United Nations Framework Convention for Climate Change
(UNFCCC) [28].

In the second part, the literature review was first carried out. Based on this assessment, a
questionnaire was developed to evaluate the use of cereals and straw for 4 groups (food,
pharmaceutical, straw products, and transport).

Then, an electronic survey was developed and sent to respondents with a request to provide an
assessment of cereals and straw use. Ranking matrices were created within the questionnaire,
where alternatives had to be assessed according to criteria to obtain the evaluation for each
cereal and straw product. All respondents provided their assessment considering the significance
of each bar, from 1 to 5, where the rating ‘1’ had the lowest weight, but the rating ‘5’ was the
bar with the highest rating.

The following four aspects were selected:

1. Availability of technology and efficiency;

2. Cost-effectiveness and sustainability;

3. Impact on the environment and climate change;
4. Socio-economic aspect.

Participants in the survey were selected based on their experience and knowledge of the
sector. The questionnaire was sent to 20 experts and responses were received from all the
respondents. In order to achieve maximum response from respondents and to provide qualitative
assessments, the survey was not publicly posted on a social networking platform, but sent in
person to respondents. In the questionnaire, 25-grain products were selected and divided into
three groups — food products, pharmaceutical products, products used for transport, and 7 straw
products that were split into a separate group. The following grain products were selected —
grains for export; flour; bread; pasta; noodles; groats; pearl barley; muesli; gluten; starch;
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alcohol; kvass; beer; coffee; oil; ethyl alcohol; antioxidants; vitamins; minerals; lignans;
proteins; bioethanol; biogas; biohydrogen. Selected straw products included litter in barns,
pellets, fibers, disposable tableware, drinking straws, reusable tableware and bioplastic.

Once the assessments have been obtained, a MCDA was performed using the Technique for
Order of Preference by Similarity to Ideal Solution (TOPSIS) decision analysis method that is
one of the most used methods in working with MCDA [29]. Analysis of the results based on
MCDA TOPSIS were carried out in two steps to determine the best alternative for each of the
product groups separately. Once the alternatives with the highest single variation ratio under
each product group were obtained, then additional MCDA analysis was performed to determine
the leading alternative. The evaluation process is presented in Fig. 3.

Part 1 Part 2
Literature review Literature review
Comparative analysis Survey/questionnaire
Evaluation of mitigation Ranking of food and straw
measures products into four product groups

Based on results from ranking
matrix survey
MCDA TOPSIS was used to
evaluate the best alternative for
each product group

MCDA TOPSIS for evaluation of
leader alternative considering all
groups

Fig. 3. Framework of methodology.

4, RESULTS

4.1. Possible Mitigation Measures in the Future for Agricultural Soil Management

In order to evaluate a move towards climate neutrality in the agriculture sub-sector of soil
management, historical and projected agricultural soils N-O emissions converted to common
unit of the carbon dioxide equivalents (CO»eq.) using a 100-year conversation factor with
climate-carbon feedback of 298 for N,O [30] value estimates, as well as mitigation measures of
the Baltic states were obtained and examined using the comparative analysis method from
publicly available databases [12], [19] and country reports [13]-[18]. Historical and projected
emissions at the aggregate level with existing measures (WEM) show an increasing tendency for
the agricultural soils (see Fig. 4.).
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Fig. 4. GHG emissions (historical and projected) from agricultural soils [13]-[18].

Based on the literature review [13]-[18] key mitigation measures with estimated mitigation
impact in the agricultural sector have been summarized in Table 1.

TABLE 1. KEY POLICIES AND MEASURES USED IN THE AGRICULTURAL SECTOR IN BALTIC

COUNTRIES [16]-[18]

Country  Key policies and measures Estimate of Assessment of
mitigation mitigation impact
impact in 2020, in 2030, kt CO; eq.
kt CO; eq.

EE ERDP for 2014-2020 (agriculture sub-measures) n/a n/a

Climate Change Mitigation and Adaptation Action Plan in nla WE
the Agricultural Sector 2012-2020
Estonian Organic Farming Development Plan 20142020 WE nla

LV Increased land area under organic farming relative to total 213 370

agricultural land

Growing of legumes 66.1 66.1

Support for advancing precision farming technologies and nla nla

livestock feeding practices, promoting the reduced use of

synthetic nitrogen, including biogas production

Maintenance of amelioration systems nla nla
LT Implementation of the EU Nitrates directive 100.00 nla

Sustainable farming (Lithuania’s Rural Development nla nla

Programme 2014-2020)

Balanced use of mineral fertilizers nfa 353.90

According to the evaluation of key policies and standards for decreasing GHG in Baltic
countries, there are standard features, for example, future support to precision farming practices,
promotion of growth of protein crops, and practices promoting to reduce synthetic N use,
including biogas production.

Despite various GHG reduction measures [31], there is an upward trend in emissions from
agricultural soils (Fig. 5). It is therefore necessary to introduce additional mitigation measures in
order to move towards sustainable agriculture and thus towards climate neutrality [31].

Based on literature research [32], [33] significant measures to reduce GHGs from agricultural
soil management were selected for use in the Baltic States (see Table 2).
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The measures summarized in Table 2 suggested to be analysed for each of the Baltic States,
taking into account the specific national circumstances for policy makers to promote changes in
soil management in the agricultural sector.

TABLE 2. TOP MEASURES FOR GHG DECREASE FROM AGRICULTURAL SOIL MANAGEMENT
BASED ON [32] - [42]

Name of Measure Short description Costs
McKinsey & OECD LAU
Company research
research
Zero-emissions on Replacement of traditional equipment. ~537 MtCO,eq.
-farm machinery — at cost savings
and equipment of ~ EUR 146
per tCO, eq.
[32]
Apply nitrification  Arise primarily from applying (synthetic ~ ~123 MtCO,eq. 10-55 Costs
inhibitors on and organic) N to arable crops and — at cost of ~ EUR/CO.eq. ~18EUR
pastures grasslands and the direct depositionof N~ EUR 10 per hat.
by grazing animals. tCO; eq. [33]
Significant reduction in nitrous oxide
emissions from ruminant urine.
Scale low- and no- Reduce fuel usage and denitrification, in ~119 MtCO.eq., At cost
tillage practices turn reducing emissions. In aggregate, at cost savings savings of
these practices have been shown to of ~EUR 26 200 EUR
deliver an 18 % reduction in yield-scaled  per tCO»eq. ha.
nitrous oxide emissions in dry [34]
environments, in addition to an up to
75 % reduction in on-farm fuel usage.
Expand adoption Moving farmers away from traditional ~75 MtCO, eq.,  143-212 ~76.60
of controlled- fertilizers and toward controlled-release at the cost of ~ EUR/tCO,6q. EUR ha™
release and fertilizers. An alternative is slow- or EUR 42 per
stabilized controlled-release stabilized fertilizers, tCOeq. [35]
fertilizers which ensure that applied nitrogen is
available to plants precisely when
needed, resulting in less nitrogen loss to
the environment.
Expand use of Given constant levels of protein demand, ~219 MtCO.eq., No
feed-grain such feed-grain processing methods cut at cost savings additional
processing for projected GHG emissions through of ~ EUR per costs.
improved improved productivity (up to 5 %, 2 tCO,eq. [36]
digestibility depending on the region) and reduced

enteric fermentation (about 15 % fewer
kilograms of methane per head).

Precision nutrient
application

EUR 212/t
CO2eq. [37]
(savings EUR
(175)/tC0O-eq)
[38]

Based on the analysis of mitigation measures in literature [32]-[42], some cost-effective
measures for GHG reduction from agricultural soils (see Table 2) could be considered with the
detailed analyses of advantages and disadvantages in the future for the Baltic countries, for

example:

— Low or no-tillage;
— N fixing rotation;
— N-inhibitors on pasture.
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4.2. Evaluation of Alternatives for Cereal Use

The analysis of survey results of alternatives considering the technology availability and
efficiency, cost-effectiveness and sustainability, impact on the environment, climate change and
socio-economic aspect for

1. Each food group,

2. Pharmaceutical products,

3. Transport,

4. Straw product group are displayed in Fig. 5.
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Fig. 5. Average rating of respondents for the groups of a) food; b) pharmaceutical; c) straw products and d) the transport
sector.
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According to data in Fig. 5:

1. a) presents the data obtained for the food products represented by sixteen alternatives —
grains for export, flour, bread, pasta, noodles, groats, pearl barley, muesli, gluten,
starch, alcohol, kvass, beer, coffee and oil;

2. b) shows data obtained from the group of pharmaceutical products represented by six
alternatives — ethyl alcohol, antioxidants, vitamins, minerals, lignans and proteins;

3. ¢) shows the results for the transport products with its three alternatives — bioethanol,
biogas and biohydrogen;

4. d) shows the results for the straw product group with its seven alternatives — barn litter,
pellets, fibers, disposable tableware, drinking straws, reusable tableware, and
bioplastics.

The highest assessment of products by criterion according to the survey is presented in
Table 3.

TABLE 3. HIGHEST ASSESSMENT OF PRODUCTS BY CRITERION

Criterion a) Food products b) Pharmaceutical c) Transport d) Straw
products

Technology beer, flour, pearl proteins bioethanol, biogas pellets, fibers and

availability and barley litter in the barn

efficiency

Cost-effectiveness bread, flour, starch ethyl alcohol, biogas pellets, bioplastics

and sustainability minerals, vitamins, reusable tableware
proteins

Impact on the coffee, oil, starch ethyl alcohol, bioethanol drinking straws,

environment and vitamins, minerals disposable

climate change tableware, fibers

Socio-economic pearl barley, flour, proteins, minerals, biogas and pellets, bioplastics,

aspect bread vitamins, lignans biohydrogen litter in barns

The MCDA TOPSIS analysis was performed to summarize the results obtained from the
survey. Given a large number of alternatives (total of 32), 4 MCDA models were initially
developed (see Fig. 6., graphs (a)-(d) accordingly). MCDA for food (see Fig. 6(a)) was
represented by 16 alternatives, MCDA for pharmaceuticals (see Fig. 6(b)) with its six
alternatives, MCDA for products use in the transport sector (see Fig. 6(c)) and MCDA for straw
products (see Fig. 6(d)).

According to MCDA TOPSIS analysis, the best possible alternatives include:

— For the food product group: flour with a uniform variation ratio of 0.89, followed by
bread muesli (0,83), compared with the lowest rating which is coffee with a uniform
variation ratio of 0.20;

— For pharmaceutical products: minerals (the uniform ratio of variation of minerals was
0.83, that is 0.67 units more compared to lignans, which received the lowest rating
0.16);

— For the products used for transport: biogas with a uniform variation ratio of 0.63
followed by bioethanol (0.58) and biohydrogen (0.37);

— For the straw product group: reusable tableware (0.85), followed by pellets (0.83)
and bioplastic (0.77).

Finally, the MCDA TOPSIS method analysis was used to determine which alternative would
be the best for each of the four product groups mentioned above. In the analysis, four
alternatives were selected, one from each of the product groups, which previously had the
highest single variation ratio. The summarized results indicated the alternative with the highest
added value for each assessed group (see Fig. 7. According to the MCDA TOPSIS analysis, the
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best alternative was minerals with a uniform coefficient of variation of 0.652, followed closely
by biogas with a constant coefficient of variation of 0.647.
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Fig. 6. MCDA TOPSIS analysis for the groups of a) food; b) pharmaceutical; c) transport sector and d) straw products.
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Fig. 7. Summary results of the alternatives with the highest added value for each assessed group.
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4, DiscussioN AND CONCLUSIONS

The paper provides insight into the possibility of moving towards climate neutrality via
sustainable agriculture in soil management. The research was done in two parts. The following
conclusions can be drawn from the first part:

1. Management of agricultural soils is one of the most significant sources of GHG
emissions from the agricultural sector in the Baltic countries (50 % of emissions from
total agriculture emissions in the countries analysed). Therefore, actions should be
taken to decrease these sectoral emissions already by 2030, to move on to sustainable
agriculture and contribute to climate neutrality by 2050;

2. A growing amount of cereals show an increasing trend, with increases in GHG
emissions as well;

3. Based on the literature analysis, mitigation measures for the management of soils are an
essential component to move towards climate neutrality;

4. According to the analysis of mitigation measures, some cost-effective measures for
GHG reduction from agricultural soils could be under consideration in the future in the
Baltic countries, for example, zero-emissions on-farm machinery and equipment, low
or no-tillage, N-inhibitors on pastures.

The cultivation of cereals in the Baltic States has an increasing tendency. Therefore, a survey
was created in the form of a questionnaire for the assessment of cereals and straw used to
determine possible future alternatives. According to the performed qualitative results based on
experts’ opinions and MCDA TOPSIS method, the best alternative for the food group is flour,
for pharmaceuticals — minerals, for transport products — biogas, and for straw products, the
highest rating was given to reusable tableware. However, comparing all four groups, the best
alternative turned out to be minerals that are important for human health. In addition, the results
of this paper could be beneficial for farmers to get insight into useful GHG mitigation measures
and achieve higher added value from growing cereals. Regarding the second part of the research,
an additional investigation for the quantitative method application would be useful in the future,
to evaluate more precise cereal product use not only for farmers but also for more effective
decision making in the agricultural sector.
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