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INTRODUCTION

Topicality of the Doctoral Thesis

In line with the ambitious objective set by the European Commission to ensure that by 2050
Europe has become a climate neutral continent and the interim outcomes set for achieving it,
such as the Fit for 55 package, an ambitious process of change has been defined in which the
cycle of the entire development cycle of the economy and the society has to transition from
development based on cheap resources and continuously growing demand to development that
is subordinate to the circulation of resources and sustainability. For effective progress of such
an ambitious socioeconomic cycle change, goals that have been set politically and linear
programmes developed for attaining such goals might not suffice. Change process management
must take into consideration the simultaneity of many processes, which will affect a wide range
of stakeholders and cause intense clashes between existing and new technologies, business
models, political opinions, and interest groups.

In the proposed ambitious transformation, heat supply will play a major role, as nearly half
of the total consumption of energy resources is used in construction and residential heat supply,
especially in northeastern Europe; therefore, the potential of replacing fossil energy resources
and reducing greenhouse gas emissions is key for heat supply.

However, rather small changes can be seen in the improvement of the regulatory framework
governing district heating (DH), unlike the electricity and gas sectors have seen the
development of a detailed uniform and rigid legal framework over multiple decades. This might
be due to the fact that this type of heat supply, because of the specifics of the climate, is not
significant and has not been widely developed in the most influential EU states, except for in a
couple of the largest cities. Also, DH is highly fragmented even within a single country, and,
apparently, because of this, a relevant EU-level regulatory framework that could apply to DH
has not been developed.

The transformation of industries required for the achievement of climate neutrality
objectives will also require investment of adequate scope. Although the estimated total amounts
of investment required for the transformation vary from study to study, the dimensions of the
total funding needs clearly amount to trillions of euros, and it will not be possible to fund this
merely by means of grants and subsidies. This means that the industries that are to be
transformed, including heat supply, must become commercially active enough to attract the
necessary funding based on the principles of the market.

This may turn out to be a critical challenge to DH, which is strictly regulated by traditional
methods, because, although the existing methods of regulation seem to guarantee returns to
investors, they will fail to provide sufficient risk premiums to ensure the entry of new
technologies into such a dynamic environment.

The need for regulation is usually substantiated first by consumer protection when the
opportunities to choose another service supplier or find a replacement for the same service are



very limited. However, on the other hand, the inability of the regulators to prescribe a moderate
return on capital ratio, to prevent inexpedient investment and to correctly assess the generation
costs of DH companies are criticised as the main flaws of regulation, as well as the very
common so-called overregulation, which manifests itself as inexpedient use of the regulator’s
resources in a detailed analysis of minor issues and substantiation of relatively insignificant
costs and in prolonged discussions.

An exaggerated regulatory regime with a maximum focus on the reduction of prices and
consumer protection in the short term will delay DH companies from becoming more flexible
or even prevent them from adapting to the new circumstances, sometimes including the
circumstances dictated by the very consumers to be protected. If all the wealth obtained due to
arise in DH efficiency is immediately redistributed in favour of the consumers by reducing the
heat energy tariff, DH company's ability to invest in future development decreases sharply.

Currently, in the setting of public service fees and tariffs, the overall trend is to move
towards a softening of the regulatory regime, whereby the end state of the process would be a
total deregulation of fees and tariffs and the subjection thereof to the forces of competition.
However, there is still no unequivocal answer as to what extent deregulation is economically
justified and expedient, even in the Nordic countries, where deregulation processes were carried
out several decades ago. At the same time, it must be kept in mind that, at least in northeastern
Europe, heat supply is an existential matter for the functioning of the society. Therefore, even
when moving towards a highly liberal regulation for the DH industry, the way it will affect the
accessibility of the service in the long term must be evaluated. Thus, giving up the supervision
of the industry entirely would also be irrational.

Accordingly, similarly to the way it is in many areas, in the regulatory practice in the DH
industry, a single correct method cannot be defined — to fully deregulate or to regulate strictly
and, if regulate DH, then choose a single ideal method for the regulation and governance. Thus,
the sustainable development of DH would most likely require creating a combination of
regulatory methods and approaches.

Meanwhile, solutions of narrower scope have also reached maturity in the DH industry that
affects the involved participants of the industry more — consumers of thermal energy and DH
companies.

Consumer needs and options have changed significantly because of the development of heat
supply and energy efficiency technologies. Consumers request a more flexible service, and the
number of consumers who are not only able to produce a fraction of the energy needed but also
wish to hand over the surplus to the DH system becoming prosumers.

The willingness of new producers of thermal energy to enter the heat supply market both
with prospective zero-emission and traditional technologies, including the willingness of
various industries to offer low potential residual heat,! which in turn will make DH companies
direct the adjusting of the infrastructure to lower temperatures of the heat carrier, transitioning
to DH of Generation 4. Accordingly, the regulatory regime should not only promote the
transformation of DH companies and investing according to the comprehensive challenges of

! Heat that inevitably originates as a by-product in industrial equipment, power plants or in the tertiary sector,
which would inevitably be lost in the environment without the use of the DH system.



the Green Deal but also ensure that DH companies are able to do the pricing of energy in a
flexible and operative manner.

A more flexible and more dynamic DH pricing system would be a benefit not only to DH
companies and consumers of thermal energy. While efficient hydrogen and electricity
accumulation technologies have not reached TRL? Levels 8 to 9, a flexible DH System in which
heat pumps, peak load electric boilers and heat accumulators have been integrated, could
theoretically also be, as an accumulator and balancer of a large volume of energy, an effective
solution for improving the flexibility of electricity supply systems, which will be the deciding
factor in the transforming of electricity supply and an as effective as possible integration of
fluctuating and difficult to control renewable energy resources power plants.

Therefore, as fundamental transformations are taking place across the entire European
energy sector towards the objective of decarbonization, the regulation of DH must also
transform itself, focussing on stimulating DH companies for both effective investment and the
needs of the consumers.

The regulatory environment for DH must adapt to the new circumstances and future
challenges because the long-term political objectives, technology development, business
models, the requirements of heat energy consumers and the needs of DH companies have
already surpassed it.

However, despite the increasing importance of DH in the context of decarbonisation goals,
the issues of liberalizing DH regulatory regimes and the elaboration and use of benchmarks
have not been much explored. A large part of the research found in this area is devoted to the
analysis of the full liberalization of DH in Nordic countries. Similarly, the transfer of methods
tested in practice in the electricity market (third-party access to infrastructure, day-ahead hourly
wholesale market, auctions, etc.) to DH has been modelled. However, most of these studies
have used DH systems of large cities (Stockholm, Helsinki, Vilnius) as a modelling field.
Therefore, it is relevant to look for solutions and methods for bringing DH regulation and
supervision closer to market principles, which would be suitable for use in medium and small
DH systems as well.

The Aim and Enabling Objectives of the Doctoral Thesis

The aim of the present Doctoral Thesis is to develop a regulation method for aligning the
DH regulatory regime with market principles to improve the DH industry's ability to contribute
to the process of achieving climate neutrality objectives.

To achieve the aim, the following enabling objectives were addressed:

1) toanalyse and evaluate general theories of regulation and state interference, methods
of regulation, DH governance and deregulation experiences of other countries in
which the DH industry is well developed;

2 Technology readiness level — a widely used system for the assessment of the maturity of technologies.



2)

3)

4)

to analyse actual operational and financial data of Latvian DH companies to seek
potential regularities and correlations for creating a thermal energy tariff benchmark
model,

to develop an algorithm for a thermal energy tariff benchmark method that would
ensure a significant alignment of the regulation regime with the market principles
while maintaining sufficient supervision of the DH industry;

to develop proposals for the fundamental principles for the practical use of the
thermal energy tariff benchmark method.

Hypothesis

It is possible to develop an optimal DH regulation method based on tariff benchmarks that

would replace excessively strict ex-ante® regulation by ex-post’ supervision promoting

investment in zero-emission and efficiency-improving technologies while ensuring sufficient

protection of consumers.

Scientific Novelty of the Doctoral Thesis

Several scientific research methods were used and mutually integrated into the Thesis:

1.

The evolution of the various schools of thought and approaches to regulation;
qualitative content analysis and comparative research methods were used for
researching the regulation methods and deregulation results.

For the analysis and processing of actual operational and financial data of DH
companies, statistical data processing, analysis and hypotheses testing methods were
used.

The most important scientific novelty is the creation of a thermal energy tariff
benchmark method that is based on virtually generating conditions in the thermal
energy market by using the Monte Carlo imitation model, which in turn is based on
the results of analyses of actual data of DH companies.

The algorithm and model developed in the Doctoral Thesis opens further research
opportunities, as it can be used not only for practical regulation of DH but also for
studying the dynamics of tariffs under the influence of changes in various external
factors.

For an evaluation of the adequacy of the results and for interpretation, statistical data
processing methods were used.

3 From Latin — prior to that. An analysis, evaluation of the foreseeable impact and results of a document or
decision before its adoption.

4 From Latin — after that. An analysis, evaluation of the results of a document or a decision after a defined period
of its activity.



Practical Value

In the Doctoral Thesis, a thermal energy tariff benchmark method was developed, as well
as fundamental principles for its practical use in DH regulation.

By using the proffered regulation method, the DH industry could be aligned with the market
principles, and its regulation could be decoupled from various short-term interests. This would
promote a sustainable business for DH companies and the opportunity to receive adequate
profits for increasing efficiency and readiness to take the risk of using new technologies.
Meanwhile, the use of the method would balance the interests of the companies and the needs
of the consumers, as well as the transformation of the industry and its movement towards
climate neutrality.

Potential users of the developed algorithm and method could be not only Regulators but
also industry policy makers and planners.

The fundamental principles for DH regulation developed within the framework of the
Thesis could also be used in other countries where DH plays a key role in energy supply.

Scientific Approbation of the Doctoral Thesis

Scientific conferences

1. Zigurs, A., Sarma, U., Ivanova, P., Implementation of the energy efficiency
directive and the impact on district heating regulation: European Energy Market
(EEM), 2015 12th International Conference. 19-22 May 2015, Lisbon, Portugal.

2. Bazbauers, G, Sarma, U. District Heating Regulation: Parameters for the
Benchmarking Model: International Scientific Conference "Environmental and
Climate Technologies" CONECT 2015, 14—16 October 2015, Riga, Latvia.

3. Sarma, U., Zigurs, A., Bazbauers, G. Correlation analysis for district heating tariff
benchmarking model.: 13th International Conference on the European Energy
Market (EEM), 6-9 June 2016, Porto, Portugal.

4. Sarma, U., BaZzbauers, G. District Heating Tariff Component Analysis for Tariff
Benchmarking Model: International Scientific Conference “Environmental and
Climate Technologies", CONECT 2016, 12—14 October 2016, Riga, Latvia.

5. Sarma, U., Bazbauers, G. Algorithm for calculation of district heating tariff
benchmark: International Scientific Conference “Environmental and Climate
Technologies”, CONECT 2017, 10-12 May 2017, Riga, Latvia.

6. Sarma, U. Towards a new regulatory model and market in district heating sector:
The 6th WEC EU Baltic Sea Round Table 2019, 12—13 August 2019, Riga, Latvia.

7. Sarma, U., BaZbauers, District heating production tariff benchmark for energy
regulation policy: International Scientific Conference “Environmental and Climate
Technologies", CONECT 2022, 11-13 May 2022, Riga Latvia.

Scientific publications on the topic of the Doctoral Thesis



Zigurs, A., Sarma, U., Ivanova, P. Implementation of the energy efficiency directive
and the impact on district heating regulation. International Conference on the
European Energy Market, EEM, Lisbon, Portugal, 19-22 May, 2015, 2015-August,
art. no. 7216630, DOI: 10.1109/EEM.2015.7216630 (Indexed in SCOPUS).

Sarma, U., Bazbauers, G. District Heating Regulation: Parameters for the
Benchmarking Model, Energy Procedia, 2016, Vol. 95, pp. 401-407. ISSN 1876-
6102 DOLI: 10.1016/j.egypro.2016.09.046 (Indexed in SCOPUS).

Sarma, U., Zigurs, A., Bazbauers, G. Correlation analysis for district heating tariff
benchmarking model, 2016 13th International Conference on the European Energy
Market (EEM), Porto, Portugal, 2016, pp. 1-5, doi: 10.1109/EEM.2016.7521208.
(Indexed in SCOPUS).

Sarma, U., Bazbauers, G. District Heating Tariff Component Analysis for Tariff
Benchmarking. Model Energy Procedia, 2017, Vol. 113, pp. 104-110. ISSN 1876-
6102 DOLI: 10.1016/j.egypro.2017.04.029 (Indexed in SCOPUS).

Sarma, U., Bazbauers, G. Algorithm for calculation of district heating tariff
benchmark, Energy Procedia, 2017, Vol. 128, pp. 445-452. DOI:
10.1016/j.egypro.2017.09.029 (Indexed in SCOPUS).

Sarma, U., Karnitis, G., Karnitis, E., Bazbauers, G. Toward solutions for energy
efficiency: Modeling of district heating costs. Energy Transformation Towards
Sustainability, editors M. Tvaronaviiené, B. Slusarczyk. Amsterdam: Elsevier,
2019. pp. 219-237. ISBN 978-0-12-817688-7. DOI: 10.1016/B978-0-12-817688-
7.00011-2 (Indexed in SCOPUS).

Karnitis, G., Bicevskis, J., Pukis, M., Sarma, U., Gendelis, S., Eihmanis, A.,
Virtmanis, A., Karnitis, E. Methodology for Mathematical Determining Key
Performance Indicators of Socioeconomic Processes. Baltic Journal of Modern
Computing, 2023, 11 (1), pp. 114-133. DOIL: 10.22364/bjmc.2023.11.1.07 (Indexed
in SCOPUS).

Other scientific publications

8.

10.

Pukis, M., Bicevskis, J., Gendelis, S., Karnitis, E., Karnitis, G., Eihmanis, A.,
Sarma, U. Role of Local Governments in Green Deal Multilevel Governance: The
Energy Context. Energies, 2023, 16 (12), art. no. 4759. DOI:10.3390/en16124759
(Indexed in SCOPUS).

Gendelis, S., Bicevskis, J., Eihmanis, A., Karnitis, E., Karnitis, G., Pukis, M.,
Sarma, U. METHODOLOGY OF SUSTAINABLE MANAGEMENT OF THE
URBAN HEATING SYSTEM IN CASE OF MASSIVE BUILDING
RENOVATION, International Multidisciplinary Scientific GeoConference
“Surveying Geology and Mining Ecology Management” SGEM, 2023, 23 (6.1), pp.
391-398. DOI: 10.5593/sgem2023/6.1/s27.49 (Indexed in SCOPUS).

Zigurs, A., Balodis, M., Ivanova, P., Locmelis, K., Sarma, U. National Energy and
Climate Plans: Importance of Synergy, Latvian Journal of Physics and Technical

10



11.

12.

13.

14.

15.

16.

17.

18.

19.

Sciences, 2019, 56 (6), pp. 3—16. DOI:10.2478/Ipts-2019-0031 (Indexed in
SCOPUS)

Kunickis, M., Balodis, M., Sarma, U., Cers, A., Linkevics, O. Efficient Use of
Cogeneration and Fuel Diversification. Latvian Journal of Physics and Technical
Sciences, 2015, 52 (6), pp. 38—48. ISSN 0868-8257 DOI: 10.1515/Ipts-2015-0034
(Indexed in SCOPUS).

Zigurs, A., Sarma, U. Implementation of the Energy Efficiency Directive:
Opportunities and Challenges. Latvian Journal of Physics and Technical Sciences,
2015, 52 (6), pp. 3—12. DOI: 10.1515/1pts-2015-0031 (Indexed in SCOPUS).
Vostrikovs, S., Turlajs, D., Kundzina, A., Sarma, U. Energy policy in the combined
heat and power (CHP) sector of Latvia. Proceedings of the 3rd IASTED Asian
Conference on Power and Energy Systems, AsiaPES 2007, pp. 365-368. (Indexed
in SCOPUS).

Kundzina, A., Sarma, U. Efficient use of wood resources on the power industry of
Latvia [Koksnes resursu efektiva izmantoSana Latvijas energetika], Environment.
Technology. Resources — Proceedings of the 6th International Scientific and
Practical Conference, 2005, pp. 11-15. DOI:10.17770/etr2007vol1.1726 (Indexed
in SCOPUS).

Vostrikovs, S., Turlajs, D., Kundzina, A., Sarma, U. Modelling fuel and energy
supply for central and regional levels of Latvia, WSEAS Transactions on
Information Science and Applications, 2006, 3 (5), pp. 927-933. ISSN 1709-0832.
(Indexed in SCOPUS).

Sarma, U., Karnitis, G., Zuters, J., Karnitis, E. District heating networks:
enhancement of the efficiency, Insights into Regional Development, 2019, 1(3):
200-213. DOI: 10.9770/ird.2019.1.3(2)

Kunickis, M., Balodis, M., Sarma, U., Cers, A. Efficient Utilisation of Cogeneration
and Fuel Diversification. In: International Symposium, Dedicated to the 150
Anniversary of the Faculty of Transport and Mechanical Engineering: Scientific
Program and Book of Abstracts, Latvia, Riga, 16-20 October 2014. Riga: RTU,
2014, pp. 35-36. ISBN 978998499909-8.

Vostrikovs, S., Turlajs, D., Kundzina, A., Sarma, U. Usage of Renewable Energy
Resources for the Combined Heat and Power Generation in Latvia. In: Proceedings
of the XII International Symposium on Heat Transfer and Renewable Sources of
Energy (HTRSE 2008), Poland, Szczecin-Migdzyzdroje, 11-14 September 2008.
Szczecin: Wydawnictwo Uczelniane Politechniki Szczecinskiej, 2008, pp. 1-8.
ISBN 978-83-7457-055-8.

Sarma, U., Kundzina, A., Turlajs, D., Vostrikovs, S. Simulation of Energy
Development Scenarios in Latvia on Regional Level. In: 6th EUROSIM Congress,
Ljubljana. Vol. 1: Book of Abstracts; Vol. 2: DVD Volume with full papers and
multimedia files, Slovenia, Ljubljana, 9-13 September 2007. Ljubljana: EUROSIM,
2007, pp. 1-6.

11



20.

21.

22.

23.

24.

25.

26.

27.

28.

Svetlicka, K., Sarma, U., Blumberga, D. External Costs of Electrical Power
Generation from Renewable Resources [Argjas izmaksas elektroenergijas razosanai
ar atjaunojamajiem energoresursiem]. Energétika un elektrotehnika. No. 21, 2007,
pp- 191-199. ISSN 1407-7345.

Zosare, 1., Sarma, U., Blumberga, D. V&ja un saules elektroenergijas razo$anas argjo
izmaksu analize. Energétika un elektrotehnika. Nr.17, 2006, 233.-239. Ipp. ISSN
1407-7345.

Sarma, U., Kundzina, A., Turlajs, D., Vostrikovs, S. Simulation of Fuel and Energy
Supply in Latvia by Using MESAP Programming Model. In: Proceedings of the 8th
WSEAS International Conference on Automatic Control, Modeling and Simulation,
Czechia, Prague, 12—14 March 2006. Prague: WSEAS, 2006, pp. 226-231.

Sarma, U., Kundzina, A., Turlajs, D., Vostrikovs, S. Biomass Usage Potential in
Power Industry of Latvia. In: Heat Transfer and Renewable Sources of Energy:
Proceedings of the HTRSE-2006, Poland, Miedzyzdroje, 13—16 September 2006.
Miedzyzdroje: HTRSE-2006, 2006, pp. 141-146.

Blumberga, A., Sarma, U. Argjo izmaksu analize Latvijas elektroenergijas
razosanas sektora. Energétika un elektrotehnika. Nr.14, 2005, 241.-249. Ipp. ISSN
1407-7345.

Sarma, U., Kundzina, A., Turlajs, D., Vostrikovs, S. Planning of Fuel and Energy
Supply in Latvia by Using MESAP Programming Model. In: Proceedings of the
45th Conference on Simulation and Modelling (SIMS-2004), Denmark,
Copenhagen, 23-24 September 2004. Copenhagen: SIMS-2004, 2004, pp. 223-229.
Sarma, U., Kundzina, A., Turlajs, D., Vostrikovs, S. Optimal Fuel Wood Modelling
in Latvia Using MESAP Program. In: Proceedings of the Heat Transfer and
Renewable Sources of Energy (HTRSE-2004), Poland, Miedzyzdroje, 8-11
September 2004. Miedzyzdroje: HTRSE-2004, 2004, pp. 75-80.

Bazbauers, G., Sarma, U., Kundzina, A. Tarifu noteikSanas metodes ietekmes uz
vidi samazinoSam siltuma un elektroenergijas raZoSanas procesam Kogeneracijas
iekartas. Energétika un elektrotehnika. Nr. 9, 2003, 242.-246. Ipp. ISSN 1407-7345.
Bazbauers, G., Sarma, U. Bazes slodzes elektrostaciju razotas elektroenergijas
ilgtermina robezizmaksu prognozes. Energétika un elektrotehnika. Nr. 6, 2002,
236.-242. lpp. ISSN 1407-7345.

Structure of the Doctoral Thesis

The Thesis has been written as a dissertation, and its structure was made following the

common format for structuring scientific research, the so-called /MRaD structure: introduction,

methods, results, and discussion. The Thesis comprises an introduction and four chapters:

literature review, methodology, results and discussion, conclusions and recommendations. The

structure of the Doctoral Thesis is schematically illustrated in Fig. 1, also showing the sequence

of the steps taken.
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The introduction substantiates the topicality of the topic of the Doctoral Thesis and the
issues to be researched, defines the goals and enabling objectives of the Thesis, proposes a
hypothesis, describes the scientific novelty, practical value and the approbation results of the
Doctoral Thesis in scientific conferences and publications.

The literature review examines the general theory of regulation and state interference,
focussing in more detail on the various schools and methods of economic regulation, as well as
a comparative analysis of the advantages and disadvantages thereof, especially in relation to
the DH regulatory environment.

The methodology chapter describes the results of the data analyses that were carried out and
the results thereof, which feed into the development of the thermal energy tariff benchmark
algorithm to be described below.

The results and discussion chapter evaluates the results obtained via the thermal energy
tariff benchmark calculation model that has been created, analyses the compatibility thereof
with the set goals, and develops principles for practical use of the benchmark model in the DH
industry supervision and policy creation.

The conclusions and recommendations chapter summarises the key conclusions drawn
during the writing of the Doctoral Thesis and suggestions made.

Topicality 4 Literature review ) { Methodology \
Schools and methods .
of regulation Hypothesis Data processing
C and analysis
Regulation vs
\ deregulation of DH Y,
The algorithm &
MC simulation
N 7 Principles for Evaluation of\
practical use results
Tools for stimulation obea:l;l:rt-:)ar:ks
Conclusions) ofinnovations and efficiency Results and discussionj \

Fig. 1. Structure of the Doctoral Thesis.
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1. METHODOLOGY

To test the hypothesis, studies were carried out, and solutions were sought for how to create
an algorithm for a benchmark-based DH tariff-setting method that would meet the following
requirements:

o the fundamental principles for the formation of the tariffs should be close to those
that would occur in a sufficiently liquid competing market if such DH were possible;

o at the same time, the algorithm must also ensure that it is possible for the Regulator
to oversee processes within the DH industry and to adjust them if necessary;

o the use of the algorithm must not create more obligations either to the Regulator or
to the DH companies in comparison with the strict regulation model that is currently
in use — conversely, the burden of the processes should decrease on both sides.

1.1. Data Processing

In the initial phases of the study, data analyses were carried out across various dimensions
regarding real regulated DH companies operating in Latvia to find correlations between the
final thermal energy supply tariff and parameters characterising the DH system: the amounts of
thermal energy supplied, the type of fuel used, thermal energy production technology, and the
length of the DH networks. Tariff structures and the features and nature of the elements that the
tariffs are comprised of were also analysed, which could then be used when creating the
benchmark model for setting DH tariffs.

For the purposes of data analysis, a population dataset (limited, finite and existing in real
life) was created comprising data regarding 97 real regulated DH companies operating in
Latvia: 57 vertically integrated DH companies and 40 independent heat producers.’ Information
on each DH company's tariff levels, most significant cost groups and technical and operation
indicators were included in the dataset.

The population dataset was created using publicly available sources: Regulator's decisions
on the approval of tariffs, information to the public about the most important components of
tariff projects, registers of thermal energy producers, electric power producers, thermal energy
supply transmission and distribution operators and thermal energy vendors, information about
fuel consumed by energy producers from the air pollution reports database "2-Gaiss" of the
Latvian Environment, Geology and Meteorology Centre and other publicly available studies
and sources, as well as voluntary surveys of members of Latvian Association of Heat Supply
Companies that were carried out directly.

The population dataset to be analysed within the framework of the initial processing of the
data was divided into smaller datasets, forming samples based on the most relevant factorial
properties of the real DH companies: company size, production technology, and fuel type used.
Heat supply end tariff was selected as the resultative property.

5 For the purposes of the regulatory framework of the Latvian heat supply industry, independent producers are
companies that are only engaged in the production of energy and sell the energy produced to a vertically
integrated heat supply company or heat supply system operator.
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Data analysis was initiated by using the simplest data processing methods first: correlation
and single-factor regression analyses. The results obtained by means of these simple data
analysis methods showed that a tendency could not be identified that would indicate distinct
connections between the dominant type of fuel used, the technology of production applied, the
amount of energy supplied, the intensity of the use of the networks and the level of the tariff in
the respective DH system. Certainly, each of the factorial properties characterising a DH system
per se affects the tariff, however, the effect of shifting the tariff in one direction or the other
apparently decreases or erases itself due to other factors.

From the above-mentioned results, it was concluded that the real DH companies and
systems are vastly different — even if they can be grouped together into a single dataset based
on one parameter, at the same time they differ substantially in terms of other parameters.
Therefore, the creation of a benchmark model cannot be based only on regression calculations
obtained in an empirical manner, and a simplified approach to setting tariffs cannot be used, for
example, trying to find a single tariff ceiling benchmark that is expressed using an absolute
value and that all DH companies should aspire towards, or a few different benchmarks for the
most typical groups of DH companies or systems.

Therefore, when creating a benchmark algorithm, rather than looking at a total final tariff,
the tariff must be split into at least three key components that constitute it: production tariff —
Tpr; transmission and distribution tariff — Ti; and trade tariff — Ts.

The proportion of the thermal energy trade tariff 7s within the final tariff is small — in the
population of the analysed DH company data, it ranges from 0.58 % to 2.85 %, and it basically
depends only on the organization of invoicing and collection management within a DH
company. This means that the effect of 7 on the final tariff is smaller than, for example, a 1 %
deviation from the projected fuel price included in the tariff, and it can be acknowledged as
insignificant. Therefore, when creating the framework of the algorithm and the structure of
the DH tariff benchmark model, 75 can be disregarded.

Whereas thermal energy production tariff 7, makes up approximately 60 — 80 % of the total
heat supply costs, the remaining part of the costs is made up of thermal energy transmission
and distribution costs. Analysing the formation of thermal energy production costs, as well as
transmission and distribution costs and the factors that affect them, it was concluded that the
substantial differences of both these technological processes lead to the need to analyse them
separately and also to create different algorithms for determining benchmarks.

On the one hand, the technical production and cost indicators of the real DH companies
vary in terms of scale and are rather scattered, but on the other hand, in general, the production
cost results tend to group themselves around certain values. Moreover, a single qualitative
parameter — fuel type — in fact, determines the formation of the entire production costs. The
choice of fuel type determines the production technology, whereas the selected technology
determines the technical indicators of production to a sufficiently unequivocal degree:
efficiency ratio, specific electricity consumption, etc. Therefore, the variable costs within the
process of using a specific type of fuel will depend on a single external factor — the price of
fuel. Whereas, provided that adequate production capacities have been chosen to meet the
demand and that the indicators characteristic of the operation process are optimal, operational
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costs (OPEX) and capital costs (CAPEX), in fact, depend only on the technology. The
formation of the total thermal energy production costs and the determinative role of the choice
of fuel type are illustrated in Fig. 1.1.

Fuel type
\
Technology > Adequa(.:y 2
capacity
Fuel price n p Investments
i v '
Variable costs OPEX CAPEX
v i f
Total costs

Fig. 1.1. A diagram showing the formation of the total thermal energy production costs.

Thus, the costs of fuel clearly are the element determining the production tariff, but the
other components of the costs making up the production tariff, although significantly smaller
than the fuel component and to a large extent determined by the choice of the fuel type, still
depend on multiple external factors, which in every specific instance affect the size of the
component and accordingly affect the production tariff with various degrees of intensity.
Therefore, to balance out and consolidate the impacts of the factors while further developing
the method, the following solutions were chosen: to introduce a dimensionless indicator for
further analyses and simulations — the ratio of the real thermal energy production tariff to a
theoretical efficient thermal energy production benchmark, a component of fuel costs that might
be obtained at the so-called BAT® boiler plant, and that is calculated according to Formula (1.1):

Rign=T"@/! Cp , (1.1)
where
Ryi) —the dimensionless indicator characterising the respective (;) DH company's
production tariff;
Tyr) —the production tariff of the respective (/) DH company, EUR/MWh;
Oy — the fuel cost component as it would be at a BAT heat source, calculated according to
Formula (1.15), EUR/MWh.

¢ Best Available Technology.
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As a result, by introducing, instead of the absolute value of the thermal energy production
tariff, a dimensionless value that characterises the deviation of a specific producer's total
production costs from a simple efficient production benchmark, the following is achieved:

o itis simple and clear to compare any of the production tariffs to the most significant
thermal energy production benchmark — BAT boiler plant production efficiency
indicator;

o it is also easy and convenient to compare the production tariffs of various DH
companies among themselves;

o the introduced thermal energy production benchmark could be a highly convenient
and effective tool for the Regulator to guide the motivation of DH companies to
improve efficiency.

Continuing to process the data of the real DH companies and the calculated Ry values by
using the methods of descriptive statistics, a significant effect of the structure of the fuel used
in the production of thermal energy was observed on the indicators characterising the tariffs (in
Latvia, two fuel types dominate in the heat supply: biomass and natural gas). It was concluded
that the parameters forming the tariffs show a distinct trend of grouping themselves within
specific ranges depending on the structure of the fuel. Whereas when analysing the data samples
pertaining to borderline cases (DH companies using only natural gas or only biomass), it was
observed that Ry frequency distribution might display properties of normal distribution. By
using the most significant indicators of descriptive statistics — means, standard deviations, etc.,
Ry frequency graphs were created. In the first approximation, to estimate whether Ry frequency
distribution might possess properties of normal distribution, frequency graphs were created for
both samples under the circumstances of identical standard deviations, for the case if Ry
frequencies precisely complied with the normal distribution. The graphs that were obtained are
shown in Fig. 1.2.
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Fig. 1.2. Ry frequency distribution for two groups of DH companies that differ in terms of the
type of fuel used: a) DH companies using only natural gas, b) DH companies using only
biomass.
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Using this simple approach, it was possible to arrive merely at a general hypothesis
regarding the potential correspondence of Ry of both samples to normal distribution. Therefore,
in-depth data analysis was carried out afterwards using the statistics package “/BM SPSS
Statistics for Windows version 23" (IBM Corp., Armonk, N.Y., USA).

First, using Kolmogorov—Smirnov and Shapiro—Wilk and Levene tests, it was checked
whether the differences in the Risvalues of both samples are statistically significant, as well as
whether the output data values for both samples that were calculated based on the data of real
Latvian SCA companies and that were input are statistically significant. The tests that were
carried out proved that the differences in both the Ry and the output data of both samples are
statistically significant. This means that it is justifiable to create separate benchmark algorithms
for thermal energy production from biomass and natural gas.

Proceeding with further data analysis, the results of statistical analyses showed that the null
hypothesis that the empirical distribution of the Ry values of both samples corresponds to
normal distribution cannot be rejected. The distribution of Ryvalues for producers using natural
gas and producers using biomass, which have been calculated using the data of the real DH
companies, are presented in Figs. 1.3. and 1.4., respectively.

Mean=1.37
Std. Dev. =0.186
N=18

51

Frequency
9

0 o[
1.00 1.20 1.40 1.60 1.80 2.00

Rtf for natural gas-fired boilers

Fig. 1.3. A histogram showing Ry value frequency distribution for Latvian DH companies
using natural gas. BAT heat source efficiency quotient was established at nsp = 0.92 (printout
from SPSS).

Also, an analysis of the most significant technical parameters in the production of thermal
energy — efficiency quotients and real data pertaining to the capacity usage indicator — and the
tests of statistical analyses that were carried out showed that with a 0.95 probability, it cannot
be rejected that these parameters are normally distributed. An efficiency quotient value
distribution for real boiler plants using natural gas is shown in Fig. 1.5.
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Mean=2.73

Std. Dev. =0.45
N=26
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Fig. 1.4. A histogram showing the frequency of Ry values for Latvian DH companies using
biomass. BAT heat source efficiency quotient was established at s, = 0.85 (printout from

SPSS).
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Fig. 1.5. A histogram showing efficiency ratio frequencies for Latvian DH companies using
natural gas (printout from SPSS).

However, for some of the parameters required for calculating thermal energy tariffs, it is
not possible to obtain enough unmediated and precise data either from the Regulator or from
information released by DH companies to carry out descriptive statistics calculations at a
sufficient confidence level and tests for testing data distribution hypotheses. This pertains to
parameters characterising the prices of goods, services and technologies that DH companies
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purchase in an open market from various suppliers. Therefore, information on these parameters
was obtained in the form of generalized and collated data from several publicly available
sources:

o Data on energy resource prices and the situation in the Latvian market and globally —
from reviews on the gas, electricity and woodchips from wood markets published
by the Regulator, timber industry market reports, Furopean Energy Exchange (EEX)
data and market reviews, International Biomass Exchange Baltpool, Nordic and
Baltic power exchange wholesale platform Nord Pool data, and the freely accessible
economic and financial data platform Trading economics.

o Data on technical parameters characteristic of thermal energy production, specific
OPEX and CAPEX were obtained from the technology data catalogue maintained
by the Danish Energy Agency. The above-mentioned source can be considered one
of the most authoritative data sources in this field, as it contains a wide range of
sufficiently detailed data and has been developed over a long period of time while
also being regularly updated, keeping up with the development of technologies.

Data on specific transactions of specific DH companies cannot be obtained from the
publicly available sources listed above: prices of fuel purchased, the actual operational and
maintenance cost items of a specific company, and actual investment amounts for creating
production assets. Therefore, it is also not possible to analytically draw conclusions regarding
the nature of the distribution of these data. However, from the above-mentioned sources, it is
possible to obtain means and the most characteristic ranges for a number of parameters. The
values of the parameters that are identical for all the commercial operators, for example,
wholesale prices of natural gas and electric power, were also obtained from the above-
mentioned public sources.

Lacking an opportunity to analytically estimate the data distribution of the above-mentioned
parameters, it was presumed with a high confidence level that these data are also normally
distributed, based on the following judgments:

o In a general case, if nothing were known about the nature of the value distribution
of the parameter being studied, a hypothesis could be assumed regarding an even
distribution of the parameter. In this case, there is an identical probability that the
parameter being studied could take any value from the range.

o However, taking into consideration the fact that most of the unknown data are
determined by a number of prices (labour, materials, technological equipment), real
experience regarding the formation of prices under the conditions of competition
shows that the market prices of a product or goods have a tendency towards a most
common mean value and the variance of its deviated values is not large — the further
from the mean, the rarer the occurrence, i.e., most often, price value distribution in
the market is close to the normal distribution.

o Most natural processes and processes created by human activity that result in a
sufficiently large number of empirical values of a specific parameter most often are
normally distributed, and, therefore, normal distribution is of very wide use. Thus,
it is implausible that the parameters affecting the thermal energy tariff, which can
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take various values due to market forces, would not be subjected to the principles of
normal distribution.

Even if the actual values of one of the parameters were not normally distributed, they would
most likely be distributed in a way that is close to log-normal distribution, which can be
substantiated by the fact that a number of parameters of economic nature under real
circumstances usually tend not to take negative values.

Neither would the functional form of individual parameter values change the fundamental
principle of the method discussed below because all the actual data pertaining to the parameters
affecting the tariff clearly are at the Regulators® disposal, and, applying the methodological
approach proffered below in practice, Regulators can determine and use the actual distribution
of the values of the specific parameter.

1.2. The Algorithm

The number of real Latvian DH companies is finite, which means that all the analyses of
the real data were carried out using finite populations in which the number of variations does
not exceed a few dozen. The results of processing such rather small datasets usually show rather
significant uncertainties; therefore, it was necessary to find a solution for how, when forming
the tariff benchmark model, to reduce uncertainties in the results of the calculations. A method
suitable for processing uncertainties is the Monte Carlo simulation (MCs), which is commonly
used to analyse the features of large sets of results for which it is difficult or impossible to use
deterministic analyses. The method is based on a simulation of the values to be calculated in
accordance with a set probability distribution using a large number of randomly generated
values.

Taking into consideration the fact that, with a high confidence level, the value probabilities
of both the dimensionless value Ry, characterising the actual levels of the real thermal energy
production tariffs, and the factors relevant for forming the tariff can be deemed normally
distributed, it can be presumed that, obtaining a sufficiently large number of values of these
factors by means of the MCs method and using them in the calculations of the production tariff
Ty, uncertainties could be reduced and a more objective picture could be obtained of the
possible variations of both 7, and Ry and the probability distributions of the frequencies
thereof.

Thus, for calculations of the parameters forming the tariff, the values of the production tariff
Tpr itself and, accordingly, the dimensionless indicator Ry; an algorithm for calculating thermal
energy production benchmarks was created in MS Excel, incorporating MCs modules into the
algorithm. In cases of similar conditions (high uncertainty, finite amount of real data but with
determinable parameters of distribution rules), the MCs method is being used successfully in
the simulating of various processes, including in the energy sector for cost and price analysis
and for forecasting under uncertainty.

Taking into consideration the conclusions drawn from the real data analysis that it is
justifiable to carry out separate calculations for the thermal energy production tariffs if natural
gas or biomass are being used, the calculation algorithm was adapted for carrying out two
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separate calculations while keeping the fundamental principles of the calculation algorithm
constant.

Simulations of the parameters forming the tariff and a block diagram of the calculation
algorithm are shown in Fig. 1.6.

® ' ©

Input block for the data to be
simulated by MCs Tariff calculation block

®

Input block of the fixed Ry calculation block

parameters

v

Fig. 1.6. A block diagram of the thermal energy production tariff benchmark calculation
algorithm.

Input block for the data to be simulated by MCs

This block includes those parameters forming the tariff that can take a unique value for each
specific DH company, thus forming a population dataset. A mean value and standard deviation
are input for each of the parameters included in this block, and the mean and the standard
deviation are then used by MCs, obtaining a set of simulated variations for each of the
parameters. Data to be input was obtained from analyses carried out based on data of the real
DH companies, if such data were available, or based on data from the public data sources
mentioned previously.

The input block for the data to be simulated is illustrated in Fig. 1.7, and a characterization
and data sources of each parameter are provided in the description of the algorithm principles,
and the significance of each parameter within the benchmark calculation model has been
interpreted. Carrying out calculations for each of the parameters, 1,000 simulations were run,
obtaining 1,000 values, i.e., i = [1;1000]. Thus, the results represent the data of 1000 simulated
DH companies.

@ Input block for the data to be simulated by MCs
Utilisation of the installed heat production capacity, h/p.a. t(m),' t(a) MCs }-—-w
Retail markup on fuel, EURMWh | PPy [ mcs —{ P |

Efficiency of heat production Mm)s M(o) —— | MCs 74)
Specific consumption of electricity , kWhe/ MWhy, Em); B — | MCs =
Retail markup on electricity, EURMWh Pr{m):' sz’) — | MCs FEW

Variable operating expenditure, EURMWh CO&MV{m); CO&MV(U) MCs CO&MV(/)
i i i &MF, - (CO&MF
Fixed operating expenditurg 1000 EUR/MWp.a. CO m); Co () MCs CO&M(:)
Specific investment in equipment,, 1000 EUR/MW | )5 P I—» MCs qu(,-)
Specific investment in construction and installation , 1000 EUR/MW I'"S(m); II"S{J) —.| MCs '___| /ms{i) |
i=[1; 1000]

Fig. 1.7. The input block for the data to be simulated by MCs.
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Input block of the fixed parameters

This block comprises those benchmark calculation model parameters (see Fig. 1.8), the
values of which for all the DH companies vary to an insignificant degree under real conditions,
and, therefore, in the model, it can be assumed that they are identical for all the DH companies
in a specific period of time. Thus, when using the model, the values of these parameters would
be fixed for a specific period of time, for example, a year, if the macroeconomic situation is
rather balanced, or for an indefinite time, i.e., the values would be changed when drastic
changes take place in the external economic and financial environment, as it was seen in 2022.

Input block of the fixed parameters

Wholesale fuel price, EURMWh P, The GHG emission facto; kgMWh | E,,
The other components of the fuel price , =5
EURMWh oc Economic life cycle of the heat source, years n

Wholesale electricity price, EURMWh P Weighted average pretax price of capital, % wacc

Electric power system tariff, EURMWh P

Installed heat production capacity , MW Q
GHG emission permit price, EUR/ Efficiency of heat production in BAT boiler house Top

Fig. 1.8. Input block of the fixed parameters.

Tariff calculation block and R/ calculation block
The structure of the tariff calculation block is illustrated in Fig. 1.9.

@ Tariff calculation block

H{i): (Pfl‘(i) Jrwa+‘Hroc)*C"Vg/(’an""Pfc‘oz (1.4)
or

Py = Plyiogy + E o1 *Pruy (1.7)

Clo=Fu/ng 13 4

|P(i)=Pw+Pr(l)+FDns (1~9)

_| Cy=EyxPy (1.8)
| Iy =+ 1) * 0 * (I-s) (1.11)

Coy=wacc *l,/(1-(1+wacc)’)  (1.10)

—| Qp=t)x Q (1.2) |

Ty = Oy + Coy + COMY gy 4 (COM 1 C) /O (1.14)

v

Fig. 1.9. Tariff calculation block.
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The tariff calculation formulae block includes traditional formulae for the calculation of
thermal energy production tariff that are necessary to calculate several interim results and
components of the thermal energy production tariff.

The calculation ends in the Rycalculation block, where fuel cost component in a BAT boiler
plant C'sp, Ryrvalues and the distribution of frequency of these values are calculated (see Fig.

1.10).
@ Ry calculation block

Cyy =P /1, (1.15)

Rg’m = pr(l)/Cfbp (L.1)

Calculation of frequency distribution of R, values

Fig. 1.10. Ry calculation block.

For all of these parameters (except for the fuel component in a BAT boiler house), the sizes
of the calculated result datasets correspond to the size of the input datasets obtained by means
of MCs, i.e., i =[1;1000].

1.3. Parameters and Data for Calculating Benchmarks

Volume of thermal energy, installed capacity, load of the installed capacity

Thermal energy production volume is a critically important parameter for determining the
thermal energy production tariff because the proportion of the fixed components within the
tariff depends on it. The proportion of the fixed costs in the thermal energy production process
varies from 15 % to 20 % (if using natural gas) to 40-60 % if using biomass.

To create a thermal energy production benchmark simulation model, the absolute indicators
of the real systems had to be abandoned and the possibility of generalizing the defining of the
demand for thermal energy. Taking into consideration the fact that plausible heat load indicators
that would allow to define the volumes of thermal energy from the side of the demand are not
available, but information regarding installed thermal energy production capacities could be
obtained from the register of thermal energy producers, installed production capacity utilisation
indicator ¢ was calculated for every DH system that was included in the dataset to be analysed.
The data analysis that was carried out showed that its mean value within the dataset to be
analysed is 1492 hours, and with a probability of 0.95, this indicator is normally distributed.
Carrying out MCs of the values of this indicator, a dataset is obtained that is sufficiently
representative and characterises at an adequate confidence level the demand for thermal energy
in various DH systems because, in fact, it is a resultant indicator for all the factors (climatic,
energy efficiency, the condition of DH networks, consumer structure and behaviour, etc.),
which both increases and reduces the demand for thermal energy in real DH systems. This
indicator mainly depends on processes on the side of the thermal energy consumption. It can
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be forecast that in the real DH systems, this indicator will predominantly tend to gradually
decrease due to energy efficiency measures, development of active consumer and energy
communities, improvement of DH network efficiency, depopulation and other factors. Whereas
looking from the perspective of the thermal energy producer, the higher this indicator, the more
efficiently the production assets are being utilised. However, the producer cannot control and
independently influence this indicator, being only able to influence it in a stepped manner,
reviewing and reducing the composition of the production assets after rather long active
operation periods.

A DH system, the indicator of the load of the installed production capacity of which would
be pronouncedly low and only reach a few hundred hours per year, is unthinkable. Meanwhile,
the Regulator, with the current tariff regulation methodology, stimulates DH companies to not
maintain surplus production capacities, prescribing that the profitability permitted within the
tariff may reach the maximum value if the installed capacity usage indicator ¢ is at least
1200 hours per year.

From the goal set for the creation of the benchmark model — to create a model simulating
efficient heat supply market conditions in which convenient tools for the Regulator for
purposefully directing the market processes would also be incorporated — it can be concluded
that on the one hand production asset load indicator values must reflect the reality of the market,
but on the other hand, this indicator must be used as a critically important tool for the Regulator
for stimulating an efficient use of assets. Therefore, when carrying out the testing of the model,
the following approach was used in the selection of indicators to be input into MCs:

o The mean obtained via an analysis of the real companies” data was used as the mean
value of the usage of the installed capacity indicator #m). Thus, a link between the
simulated value dataset and the real conditions is ensured.

o Whereas the standard deviation of the installed capacity usage indicator #) was used
to represent the difference between 7w and the current efficient usage of capacity
criterion that has already been set by the Regulator. This choice ensures a link
between the model and reality, given that the criterion set by the Regulator is already
in operation (it is known to DH companies, and they are interested in exceeding it),
and also ensures that the Regulator can continue to use this indicator as a tool for
stimulating efficiency.

Using the i values of the installed production capacity usage indicator obtained by means
of MCs, the values of the volumes of thermal energy produced are calculated in the model
according to Formula (1.2):

0”0 =tw x 0, (1.2)
where
OF"»)— the volume of the thermal energy produced in a heat source, MWh;
t@) — the usage indicator of the capacity installed at the heat source, h;
QO — installed thermal energy production capacity, MW.

In a general case, the model operates on the assumption that the installed production
capacity O = 1 MW, but it is possible to input any value of installed production capacity in the
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fixed input indicators block if, to use the model in a more precise way, it has been envisaged to
run simulations for multiple installed production capacity ranges, at the same time accordingly
changing the values to be input in the input block of the indicators to be simulated for those
parameters that show the scale effect, for example, for specific investment in equipment Zins or

fixed operating expenditure CO4M,

Fuel costs
The fuel cost component is calculated according to Formula (1.3):

Cloy= P/ n, (1.3)
where
Cy»— fuel costs, EUR/MWh;
P)— fuel price at the time of being entered into the boiler, EUR/MWh;
1w — thermal energy production efficiency quotient.

The values of the thermal energy production efficiency quotient 7 are obtained by using
MCs. Whereas the fuel price P/ represents the costs of fuel at the time when it is being entered
into the boiler, i.e., this price comprises all the costs related to transporting the fuel to the boiler
plant, taxes pertaining to the use of fuel, etc. Therefore, prior to the input of the fuel price into
the tariff calculation block, preparatory calculations of the input data are carried out. Taking
into consideration the substantial differences between the population datasets comprising data
of the companies using natural gas and biomass, two unrelated calculation algorithms were
created within the model: for thermal energy production using gas or biomass. This separation
was necessary not only for calculations of fuel costs but also for many of the other parameters
that are to be input into the algorithm.

If natural gas is used for thermal energy production, the calculation model envisages the
following preparatory calculation for establishing the fuel price according to Formula (1.4):

Ply= (Pl + Pho+ Ploc)x CVy/ CVn + Pleoa, (1.4)
where
P/yy— the price of natural gas at the time of being entered into the boiler, EUR/MWh;
P — retail markup on natural gas, EUR/MWh;
P,— wholesale price of natural gas, EUR/MWh;
P/oc— the sum of the other components of the price of natural gas, EUR/MWh;
CVyq; CVn— gross heating value and net heating value of the combustion of natural gas in
accordance with ISO standard 6976:2016, MWh/1000 m?;
Plco2— greenhouse gas emission permit cost component, EUR/MWh.

In the tariff calculation model, it is easier to carry out the calculation of fuel consumption

and, accordingly, cost calculation as well, by using the net heating value of natural gas
combustion. Whereas in the trading of natural gas and setting of the system tariffs, the gross
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heating value of natural gas is used; therefore, prior to the input of the total price of natural gas
into the tariff model, a recalculation from gross heating value to net heating value is carried out.

Natural gas retail markup P/ (i) is the only element in the calculation of natural gas price for
which MCs is carried out because it is assumed that some nuances in natural gas supply
contracts may vary for each specific commercial operator, as multiple merchants that fiercely
compete with one another and have different appetites for risk offer natural gas on the market,
supply contracts are entered into at various points in time, the contracts may comprise prices
that have been fixed according to different principles and for a term of different duration or the
prices may fluctuate freely according to the European gas market indices.

However, at the same time, it can be concluded from the publicly available gas market
reviews that the range of retail margins is not very wide and very small or very high surcharges
above wholesale prices of gas are very rare on European gas trading platforms, and in most
cases, the margins tend to approach a mean value. This can be explained as due to the well-
integrated common market area of Latvia, Estonia and Finland, in which all merchants have
equal access both to the entrance/exit points of the unified transmission system of these three
countries and to the subterranean gas storage facility in Latvia. Taking into consideration the
fact that physically, natural gas deliveries to the unified area mentioned above are only possible
in the form of liquefied natural gas (LNG) from the Inkoo LNG terminal in Finland or from
the Klaipeda LNG terminal in Lithuania through the border crossing between Latvia and
Lithuania, gas wholesalers and retailers that operate in the region operate under highly similar
conditions, and accordingly, price deviations from mean values are small.

In the Baltic states’ natural gas market, a reference to the wholesale price of natural gas P/
in one of the European gas trading platforms is used in most retail contracts as the most
significant element to define the price. Over the last couple of years, natural gas price indices
in the Dutch TTF (Title Transfer Facility) natural gas trading platform, which is one of the three
most important points in Europe for natural gas price formation, have been preferred more and
more in the Baltic states™ natural gas markets.

The wholesale price of natural gas is a figure that is independent from any of its individual
consumers or even groups of consumers, and it is a changeable external value that reacts only
to global objectives (climatic conditions, economic growth indicators, changes to energy policy,
relevant geopolitical processes) or sometimes speculative processes. Current experience shows
that it is not possible to identify any specific regularities in its formation, and even the most
authoritative forecasts come true to a very limited extent. For example, over the last two to three
years, gas prices were seen to fluctuate within a massive range from 9 EUR/MWh to
345 EUR/MWh (see Fig. 1.11).

If the record price levels seen in 2022, shown in Fig. 1.11, can be attributed to the market's
reaction to the war in Ukraine initiated by Russia and the collapse of several customary supply
chains, finding an explanation for the price trends seen in 2020 to 2021 is difficult.

Therefore, in the tariff benchmark calculation algorithm, when modelling tariff levels for a
specific period of time, the wholesale price of gas in this time period has been assumed to be
identical for all DH companies. Accordingly, it has been built into the model as a single constant
that is to be input separately, and that can be changed, if necessary, if the selected gas price
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index changes. In sample model calculations, it has been assumed that the 7TF price index is
being used.
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Fig. 1.11. Natural gas price (next month's futures) fluctuations in the 77F trading platform
over the past ten years, EUR/MWh (source: Trading Economics).

The sum of all the other components of the gas price P/oc consists of multiple elements, and
it is calculated carrying out a data preparation calculation according to Formula (1.5):

Ploc = Plys + Py, (1.5)
where

Ploc— the sum of the other components of the gas price, EUR/MWh;

Ysys — the sum of natural gas supply system usage tariffs, which comprises natural gas
transmission, storage and distribution tariffs; these tariffs are regulated and therefore
remain constant and identical over a specific time period for all the users of the natural gas
supply system, EUR/MWh,;

P — excise tax on natural gas, EUR/MWh.

If an energy producer uses fossil fuel and, as of 1 January 2023, biomass as well, and it is
not possible for the energy producer to prove the compliance of its origin to the requirements
set out in the EC directive on the promotion of the use of energy from renewable sources, the
producer must obtain greenhouse gas emission permits according to the volume of CO2 emitted
during the fuel combustion process, i.e., it must participate in the European Emission Trading
System (ETS).

Relatively long transition periods were granted for the heat production industry, during
which the required volume of greenhouse gas emission permits was granted for free, but the
volume of free permits was gradually reduced year on year, and currently, for 2023, it has been
set at 30 % of the required number of permits. Accordingly, the remainder of the emission
permits must be purchased on the market. As a result, purchasing the required emission permits
constitutes an additional cost component, which must be included in the calculation of the fuel
price. The component is calculated according to Formula (1.6):
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Plcor = Eco2 XPEua x (1 — k)/1000, (1.6)
where
P/ co2— GHG emission permit purchase component, EUR/MWh;
E co2 — the emission factor characteristic of the specific type of fuel, kg/MWh;
k — free-of-charge emission permit allowance quotient pursuant to the provisions of EC
legal acts on greenhouse gas emission permit trading;
Prus — GHG emission permit price, EUR/t.

If emission factors and the free permit allowance quotient can be considered constants, Pru4
is a variable whose value forms in the external environment and tends to fluctuate quite a lot;
however, over the last couple of years, it has been showing a tendency to increase (see
Fig. 1.12).
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Fig. 1.12. GHG emission permit price fluctuations over ten years, EUR/t (source: Trading
Economics).

It is not sensible to carry out statistical analysis of the GHG emission permit price and to
seek to define frequency distribution and regularities. The fluctuations and trends pertaining to
this indicator comply with neither statistical regularities nor even with the stochastic process in
open markets because the GHG emission permits are a financial product that was created by
means of political decisions and is intended for circulation in a politically designed quasi-
market, or, in fact, a parafiscal instrument for raising the cost of using fossil energy sources.

Like for any product on the market, there exists supply and demand for emission permits
and, at first appearance, forces like those in an open market act influence them. However, both
parties are, in fact, manipulated by means of legitimate political instruments:

o Demand is created by legislating that a number of subjects are obligated to use the
product, i.e., must purchase GHG emission permits. Demand is gradually increased
both by including new participants in the obligatory market and by gradually
reducing the free quota allocations.
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o The so-called market stability reserve has been envisaged for influencing supply. Its
goal is to remove a volume of emission permits if climate policymakers believe that
the GHG emission permit prices are too low.

Thus, it can be forecast that, although the political direction is directed towards raising the
price of GHG emission permits, attempting to quantitatively forecast it is not expedient.
Therefore, it is useful to enter the price into the model as it is at the time of running the
simulation.

When biomass is used, the formula for calculating the fuel price to be input into the model
is much simpler:

Py = Plyioy + E coz X Peua, (1.7)
where
P/i)— the price of fuel at the time of being entered into the boiler, EUR/MWHh;
Phioi) — biomass sales price with delivery at the heat source. MCs is carried out for this
value, using information about the biomass market as raw data, EUR/MWh.

Whereas the addend E co2 x Prua must be used in the event when biomass that is compliant
with the sustainability requirements set out in the EC directive on the promotion of the use of
energy from renewable sources is not available on the market and the thermal energy producer
must purchase GHG emission permits.

Costs of electricity
The electric power cost component is calculated according to Formula (1.8):

Cew = Eq x P, (1.8)
where
C*w— electricity cost component, EUR/MWhe;
E —specific consumption of electric power for thermal energy production, kWhet / MWhin;
P¢@)—the total price of electricity, EUR/MWhin,

The values of the specific consumption of electricity are obtained by means of MCs, in
which data from the technologies database maintained by the Danish Energy Agency is used as
input data. If the Regulator were to use the proffered benchmark model, input data for MCs
shall be retrieved from reports received by the Regulator from real DH companies.

The total price of electric power is calculated according to Formula (1.9):

Peiy = P+ P + Plns, (1.9)
where
P¢) — the total price of electricity, EUR/MWh;
P¢,, — the wholesale price of electricity, EUR/MWh;
P¢ri)— retail markup on electricity, EUR/MWh;
P¢us— the sum of power supply system usage tariffs, EUR/MWh.
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In a manner analogous to that of calculating gas prices, the wholesale price of electricity is
a key element of the end price of electricity, and it can be assumed that it will be identical for
all DH companies in one and the same time period and within a specific geographical area.
Therefore, it is input into the model as a value that is constant within a specific time period,
which is assumed from the data of electric power trading platforms.

In a manner analogous to that of calculating the prices of natural gas, MCs is carried out for
calculating the retail markup on electricity, based on the assumption that various suppliers that
compete with one another offer electricity to DH companies, offering slightly different
electricity products.

The sum of power supply system usage tariffs consists of power transmission and
distribution tariffs. The tariffs are regulated and, therefore, constant within a specific period of
time and are identical for all the users of the electric energy supply system.

Capital expenditure

In the tariff benchmark calculation model, capital expenditure is calculated according to
Formula (1.10):

Cew =wacc* Iy /(1 — (1 + wacc)™), (1.10)

where

C¢w — capital expenditure, EUR,;

wacc — weighted average pre-tax price of the capital, %;

n — the economic life cycle of the heat source assets (investment made), years;

1) — the volume of investment into the creation of heat source assets, EUR.

Weighted average pre-tax price of the capital is a widely used parameter in a number of
financial analysis calculations, and its calculated value comprises and reflects in a single
number of the indicators of financial markets, countries, industries, as well as company capital
structure and capitalisation indicators:

o risk-free rates of return on investment;

o premiums of various risks (of countries, industries, company size);

o various components of credit rates;

o ratios of correlation between the industry or company returns and security market
returns (the so-called B-quotient).

The practice whereby the Regulator sets an identical wacc for specific groups of companies
to be regulated or even industries for the purposes of regulation is rather widespread. Taking
into consideration the fact that in the proffered tariff benchmark determination model, the wacc
rate has been envisaged to be input as a single constant, the setting of it will remain within the
competence of the Regulator and it will continue to be a sufficiently significant regulatory tool.

In the calculation model, the economic life cycle of the heat source assets (investment made)
is used as a constant variable. In the sample calculation, the variable "15 years" has been used,
which, on average, corresponds to the technical and economic life cycle of a modern heat
source.

Investment into the creation of heat source assets is calculated according to Formula (1.11):
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Ty = (I + I @) x O < (1 ), (1.11)
where
I»— the volume of investment in the creation of heat source assets, EUR;
s — co-funding support intensity ratio;
I — specific investment in equipment, 1000 EUR/MW;
I — specific investment in construction and fitting up, 1000 EUR/MW.

The co-funding support intensity quotient has been included in Formula (1.11) because co-
funding support was rather easily accessible to DH companies in Latvia and in other Eastern
European countries for a transition from power production from fossil to renewable energy
sources. Within the regulatory practice, the exclusion of non-refundable co-funding from the
capital expenditure to be included in the tariff is considered a balanced approach. In the sample
calculation, the number 0.00 was assumed as the value for this parameter for heat sources that
use natural gas, whereas for biomass, the value was assumed to be 0.30.

MCs is carried out for the values of specific investment in equipment because it has been
assumed that the costs of heat source equipment vary case by case, but the technological
solutions and composition of the equipment are rather homogeneous; therefore, the costs of the
real projects should have a tendency towards an average value. The values required as input
data for carrying out MCs were taken from the technologies data catalogue of the Danish
Energy Agency; there is an extensive common European market for modern thermal energy
production technologies; therefore, technology costs can be transferred for use in calculations
under the conditions of another country without special adjustment. Whereas in case the
Regulator were to use the method and benchmark model described herein, the input data could
be created from the datasets accumulated by the Regulator from the reports submitted by the
real companies.

MCs is also carried out for the values of specific investment in the construction and
installation of equipment, and the technologies data catalogue of the Danish Energy Agency
was used as the primary source of the input data values. However, in this case, an adjustment
is made to account for the circumstances existing in Latvia because clearly, unlike the costs of
technological equipment, the costs of construction and installation in Denmark differ
substantially from those in Latvia. This is because of the vastly different levels of labour
remuneration and the substantial proportion of labour costs in the costs of construction and
installation. To adjust the data pertaining to Denmark to the circumstances existing in Latvia,
the most simple variant of the benefit transfer method, which is widely used in environmental
economics calculations, was used, whereby a value of a variable that has been expressed in
terms of money and that has been determined in one country is transferred to another country,
adjusting it by using a ratio of gross domestic products (see Formula (1.12)). The values of the
indices of gross domestic product per capita in purchasing power standards (PPS)’ for both
countries from the Eurostat database are used for the calculation:

7 Purchasing Power Standards.
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I"s = [mspxx (GDPrv/ GDPpk ), (1.12)

where

I — the value of the specific investment in construction under the circumstances existing
in Latvia, 1000 EUR/MW;

I"™spx — the value of the specific investment in construction sourced from the technology

data catalogue maintained by the Danish Energy Agency, 1000 EUR/MW;

GDPry — the index of the Latvian gross domestic product in PPS;

GDPpk — the index of the Danish gross domestic product in PPS.

Variable and fixed operational expenditure

Both the value of the variable operational expenditure component CO“V; and the value of
the fixed operational expenditure CO4"; are obtained by means of the MCs method, using the
data sourced from the technology data catalogue of the Danish Energy Agency as input data.

The most significant components of fixed operational expenditure are the costs of both
operative and managerial personnel, including taxes, the costs of service agreements, real estate
management expenses and taxes. The size of these expenditure items is substantially affected
by the levels of prices, wages and taxes within a particular jurisdiction where thermal energy
production takes place. Therefore, in a manner analogous to that of specific investment in
construction, the Danish data pertaining to fixed operational expenditure is adjusted to account
for the circumstances existing in Latvia by means of the value transfer method according to
Formula (1.13).

COM = COMIpg x (GDPLv | GDPpr ), (1.13)

where

CO%Mf _ the value of fixed operational expenditure under the circumstances existing in
Latvia, 1000 EUR/MW;

CO%Mipk — the value of the fixed operational expenditure sourced from the technology data

catalogue maintained by the Danish Energy Agency, 1000 EUR/MW;

GDPLy— the index of the Latvian gross domestic product in PPS;

GDPpk — the index of the Danish gross domestic product in PPS.

If the regulatory authority chooses to use the proffered benchmark calculation method in
practice, it will be possible to considerably improve the suitability of the input values for the
simulation of operating expenses. If enough mutually comparable data from the reports of the
real companies has been accumulated and is at the disposal of the Regulator, it will be possible
to use the means and standard deviations of these real datasets as input data for MCs.

Calculation of tariffs and R values
In the benchmark model, Formula (1.14) is used for calculating the thermal energy
production tariff:
iy = Cly + Cop + COMy + (COMy + Cop) 1 O, (1.14)
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where
TP — thermal energy production tariff, EUR/MWh;
C»— the fuel cost component (calculated according to Formula (1.3)), EUR/MWh;
C*q) — the electricity cost (calculated according to Formula (1.8)), EUR/MWh;
CO4&Mvy) _ the variable operating expenses component, EUR/MWh;
CO™Mfy, — fixed operating expenses (calculated according to Formula (1.13)), EUR;
C¢w — capital expenditure (calculated according to Formula (1.10)), EUR;
OF"q)— thermal energy production volume (calculated according to Formula (1.2)), MWh.

All the variables included in Formula (1.14) that are required for calculating the tariff
depend on the MCs that has been carried out and, accordingly, in the sample calculation, each
of them has i = 1-1000 values. Thus, in the sample calculation, 1000 values are obtained for
the thermal energy production tariff.

The calculation of the thermal energy production tariff benchmarks concludes with a
calculation of dimensionless indicator Ry that characterises thermal energy production tariffs,
and it is calculated according to Formula (1.1).

The efficient thermal energy production benchmark that is to be input into Formula (1.1) —
the fuel cost component in a BAT boiler plant is calculated according to Formula (1.15):

Clop=P'/1p, (1.15)
where
C'sp — the fuel cost component in a BAT boiler plant, EUR/MWHh;
P/ — the price of the fuel prior to being entered into the furnace, EUR/MWHh;
msp — the fuel use efficiency ratio in a BAT boiler plant.

When calculating the efficient thermal energy production benchmark, a variable that
includes only those components forming the end price of fuel that the DH company is unable
to influence is used as fuel price P, i.e., it does not comprise components the value of which
may depend not only on the situation in the market but also on the commercial operator's skills
and wishes to find the most economically advantageous offers in the market, for example, retail
margin and GHG emission permit price.

The efficiency ratio in a BAT boiler plant is one of the tools envisaged in the benchmark
model that can be used by the Regulator to shape a specific policy of the industry by freely
choosing the value of this parameter. If the policy envisages an aggressive stimulation of
efficiency, a value that is close to the BAT indicator value available at that time or even identical
to it should be chosen. Whereas if a policy aimed at gradually stimulating efficiency has been
chosen, such a value for this parameter must be chosen that includes a tolerance in relation to
the BAT indicator's value while defining a trajectory for gradually increasing this indicator’s
value.
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2. RESULTS AND DISCUSSION

The calculation of the thermal energy generation tariff indicator R was carried out in three

scenarios according to the algorithm presented in Chapter 1:
1) thermal energy generation with the use of biomass;
2) thermal energy generation with the use of natural gas — moderate price scenario;
3) thermal energy generation with the use of natural gas — high price scenario.

The third scenario was developed due to the extremely rapid price increases observed after
the full-scale war launched by Russia in Ukraine in February 2022 and the stabilisation of prices
at a rather high level in the 2022/2023 winter season, which made us consider the hypothesis
that the disruption of natural gas supply chains could sustain such high price levels (100—
150 EUR/MWh) for a sufficiently long period of time.

Respectively, verification of whether the algorithm of the model would provide reliable
prima facie results that were also sufficiently reliable over a very wide range of fuel prices had
to be implemented. This is particularly relevant in the event of natural gas use, as the analysis
of real company data demonstrated (see Chapter 1) that the fuel cost component of the thermal
energy generation tariff was 80-85 % when using natural gas during the moderate price period,
while processes in the wholesale natural gas market demonstrated that the price of natural gas
could fluctuate by as much as 9-345 EUR/MWh over a two-year period.

2.1. Description of Results

For all three scenarios, result samples R;#2¢, R,£"¢" and R were calculated. Each of these
samples contains 1,000 calculated Ry values. From these result samples, the most important
descriptive statistics parameters of the Ry values corresponding to each scenario were
calculated: the mean value, the standard deviation, the frequency distribution of the values in
10 bands, and an estimate of the probabilities of these frequencies.
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Fig. 2.1. Calculation results for the Rsgas baseline scenario: a) Ry frequency distribution; b)
probability distribution of Ry frequencies in standard deviation bands.
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The illustration of the R/2*¢ results in Fig. 2.1 shows that approximately 67 % of the Ry
values will be within £ 1 standard deviation of the mean value of the sample, and as many as
96% of the values will fall within the + 2 standard deviation band. Thus, given the fact that the
MCs of all the variables used in the calculation were requested to follow a normal distribution,
the expected distribution of the Ry frequencies is also close to a normal distribution and,
therefore, sufficiently consistent with the set objective.

The results obtained in all three scenarios in graphical form are summarised in Fig. 2.2.
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Fig. 2.2. Graphical summary of the results of the three scenarios: a) frequency distributions of
absolute values of Ry; b) distributions of normalised values of Ry.
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The summary of results is represented in two ways:

1.

Frequency distribution of absolute values of Ry (see Fig. 2.2 a)). The graphs of the

absolute values of Ry can be assessed as sufficiently consistent with the prima facie
results, as they fit well into logical patterns. With the use of biomass, the values of
the Ry dimensionless characteristic of the thermal energy generation tariff range
from 1.9 to 3.9 but are most commonly found at around the mean value of 2.4. These
values are significantly higher than in the baseline scenario of natural gas use: 1.5—
1.7 and 1.6, respectively, and even more so — in the extreme natural gas price
scenario: 1.2-1.4 and 1.3, respectively. These ranges of values are very easy to
explain if the actual tariff structure of real companies is examined. The share of
capital and operating costs in the thermal energy generation structure most often fall
within the range of 30-50 % when using biomass, but there are cases where it even
exceeds half. In contrast, the share of capital and operating costs for natural gas, at
reasonable prices for natural gas and emission permits, is most commonly below
20 %. Meanwhile, at very high fuel prices, this share falls even further.
Respectively, the resulting Rirvalues reflect the tariff structures reasonably well in
the event of different fuel use and price levels — the higher the fuel price and the
lower the share of capital and operating costs in the tariff, the lower the Ry values.

Frequency distribution of normalised values of Ry (see Fig. 2.2 b)). Evaluation of
normalised Ry values is also useful for better interpretation of the results. The
normalised values are calculated by relating each real value against the mean value
of the result sample, and the distribution graphs thereof provide a good indication
of the dispersion of values in different scenarios. The conclusion can be made that
the lower the fuel price and the higher the share of capital and operating costs in the
cost structure, the higher the frequency dispersion of Ry values. In the high natural
gas price scenario, all 1,000 Ry values fall within the range of 0.9—1.15 of the mean
value of the sample, while in the biomass scenario, they fall within the range of
0.75-1.58 of the mean of the sample. The large difference in these dispersions can
be explained by the differences in the cost structures of the different modelled
scenarios. When using natural gas, the full price of natural gas has a decisive
influence on the thermal energy generation tariff and, consequently, on the Ry
values. Meanwhile, the determining parameter of the fuel price is the price of natural
gas on the wholesale market, which is the same in all MCs 1000 calculations. At the
same time, the fuel cost component of the heat source with the so-called BAT, which
is again directly dependent on the price of natural gas on the wholesale market, has
an equally large impact on the Ry values. The values of all other cost items, on the
other hand, have much less of an impact on the results, despite the fact that 1,000
values of the constituent parameters obtained with MCs and the values of each
parameter have a certain dispersion. Thus, the high share of fuel costs and the
relatively small impact of operating and capital costs on tariff values also result in a
low dispersion of R values (the value of standard deviation is low). The opposite is
true for biomass: the cost items for which MCs were carried out account for
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approximately half of the production tariff. Accordingly, the dispersion of these cost
items significantly disperses the Ry values as well (the standard deviation value is
high).

The graphical representations of the results of the Ry calculations in Fig. 2.2 clearly
demonstrate the positive asymmetry of the graphs: the result samples also contain Ry values
that are greater than the mean value by more than two standard deviations (right branch of the
distribution graph), while not containing symmetrically lower Ry values (left branch of the
distribution graphs). This asymmetry is observed in the results of all three scenarios, and the
prima facie distributions of the Ry results resemble a log-normal distribution function. When
analysing real economic processes, empirical distributions are quite often asymmetric and log-
normally distributed, as various sample limitations are possible in the real economy. These are
usually determined administratively: national governments tend to legislate minimum wage
levels or, conversely, maximum levels, for instance, price caps and such.

If such an asymmetric distribution were obtained by processing the empirical data,
according to statistical data processing theory, it is obvious that some methods of smoothing
the empirical distribution will have to be used: logarithmic, square root, etc. However, the
results of the tariff calculation model are derived from parameter values obtained with MCs.

In general, the MCs random number generator can generate any rational number. Depending
on the nature of the input data — the mean value and standard deviation of the respective
parameter — MCs can also generate negative values. However, a number of parameters (prices,’
costs, consumption) are unlikely to have negative values under real conditions. Therefore, a
restrictive selection is built into the calculation model for the MCs for these parameters —
negative values are discarded. In assessing the potential impact of this limitation, it was found
that the number of negative discard values for some parameters ranges from 0 to 20. If 1,000
values are generated by MCs, a 0.5-1.5 % shortage of values in the low-value branch of the Ry
beyond two standard deviations from the mean arises as a result of this limitation, but this does
not significantly affect the frequency distribution of values up to two standard deviations from
the mean value.

At the same time, the eventual result sample, with the very low values of Ry being absent,
is an adequate reflection of the economic nature of Ry. The calculation of Ry (see Formula (1.1))
shows that Ry= 1.0 in the event that the heat is sold at a price that corresponds to the fuel cost
component of the BAT boiler plant. This would mean that all other costs (operating, capital,
etc.) are equal to zero. This could be considered as a borderline case that, in practice, could only
occur in a few specific cases where a number of factors coincide: the assets are fully
depreciated, but the operation thereof continues, fuel has been purchased at a particularly
favourable price, and the efficiency of the boilers is higher than at the BAT boiler plant. Values
that are even lower (Ry < 1) should already be considered impossible under real circumstances,
which would imply that the trader sells their product at a price below the cost component of the
main input. However, such extremes could be observed in cases where the regulated merchant

8 In practice, there are exceptions. For instance, electricity wholesale platforms sometimes, at certain hours,
experience negative spot prices. However, the tariff calculation model uses average prices observed over a longer
period of time where short-term fluctuations are smoothed out.
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is overregulated to the point where it is no longer able to recover the full economic cost of
production while using the regulated tariff. Such extremes are caused by subordinating
regulation to short-term political or even populist objectives, which in the long run would
inevitably lead to a reduction in the quality and security of supply of the regulated service and
even to the inability of the service provider to continue its operations.

2.2. Assessment of the Adequacy of Results

When assessing the results obtained as a result of a simulation, it is important to make sure
they are sufficiently adequate to be accepted as representative of the actual situation.

It was initially assumed that running 1,000 simulations for each parameter would result in
a number that is sufficient to ensure that the sample obtained as a result of simulations would
not deviate significantly from the master set. In order to assess whether the assumption was
sufficient, the required calculation of the sample size was carried out for the modelling result
samples Ri#b%e, R&Meh and R,

A significance level of o = 0.05 was assumed, and in this case, the probability that the mean
value of the sample does not differ from the mean of the population dataset by more than the
random error Az is P=1— 0 =0.95. At P = 0.95, the critical value of the standardised normal
distribution z, = 1.96. It was assumed that the permissible random error Aj; in relative terms
should be no more than 1.0 % of the mean value of the sample. The standard error describes
the dispersion of the mean value of the set around the mean of the population dataset, or how
high error is introduced by replacing the population dataset by the result sample, which, in our
case, means replacing the real parameters by parameters obtained by means of MCs. The
required sample size under the above assumptions is calculated by using Formula (2.1):

ZZx0?
2 )
As

@.1)

where
n is the required sample size;
Za— the critical value of the standardised normal distribution at the probability of P = 0.95;
Az - random error;
o — standard deviation of the sample.

An inverse test calculation was performed for the Ryresult samples of all three scenarios in
order to determine the size of the random error if a sample size is 1,000 simulations. The results
summarised in Table 2.1 demonstrate that the results obtained by 1,000 MCs are sufficiently
adequate, as the deviation of the mean of the set of simulated values from the mean of the master
set is less than 1.0 % in relative terms at the probability of 0.95 %.
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Table 2.1
Assessment of the Adequacy of Results

Calculation of the required sample size ata | Random error calculation at the number of
given random error simulations performed
Scenario Permissible | Permissible Required Number of Actual Actual
random random number of performed | random error | random error
error in error simulations MC in relative
relative simulations terms
terms
Ryshigh 1.00 % 0.0123 57 1,000 0.0030 0.24 %
R{/gbase 1.00 % 0.0159 60 1,000 0.0039 0.25 %
R[ﬁm 1.00 % 0.0242 734 1,000 0.0208 0.86 %

2.3. Adaptation of the Benchmark Model for Use with a
Mixed Fuel Structure

The benchmark model algorithm was originally developed for the cases where the structure
of fuels used for thermal energy generation is homogeneous.

In practice, however, the number of DH companies using only one fuel for thermal energy
generation is low. In Latvia, the most common fuel structure used by DH companies includes
both fuels discussed above: biomass and natural gas. Typically, biomass accounts for the most
significant fuel used in the fuel structure, which is typically used to power the major heat
sources of a given DH system and provide the bulk of the base load of the respective system.
Natural gas is used to cover peak loads and at smaller capacity fully automated unmanned boiler
plants, where building a rational biomass logistics system is impossible due to technical and
territorial constraints. There are also cases where gas is used because of its exceptional
flexibility, for instance, along with a solar collector thermal system to cover for summer heat
loads.

Respectively, most DH companies in Latvia that are using both fuels have in practice
developed a fuel structure where 50-85 % of thermal energy is produced from biomass.
Therefore, in order to make the developed benchmark algorithm applicable in practice, an
adaptation for its use in the event of a mixed fuel structure needs to be developed.

As already concluded in Section 1.1, the type of fuel chosen for thermal energy generation
determines all the parameters of such thermal energy generation: technological as well as
financial. Furthermore, all correlations for the calculations of the cost of thermal energy
generation are linear. Therefore, the assumption that it is adequate to base the algorithm for the
case of a mixed fuel structure on the proportion of energy produced from different fuels was set
as the guiding principle for the adaptation of the benchmarking algorithm. This approach is also
consistent with the methodology of the Regulator used for calculating the thermal energy
generation tariff in Latvia.

In accordance with this approach, a simple conditional limit case was selected for the
algorithm adaptation calculations. It was assumed that the DH company has only two heat
sources: one that uses biomass and the other that uses natural gas. Respectively, in this
borderline case, the thermal energy generation tariff benchmark simulation algorithm for the
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heat source that uses natural gas is used for one heat source, and the thermal energy tariff
benchmark simulation algorithm that uses biomass as fuel — for the other heat source.

In accordance with the algorithm described in Section 1.2, two sets of thermal energy
generation tariff values are obtained as a result of MCs, each containing an i number® of distinct
generation tariff values. Using the elements of both samples and applying an approach
analogous to the methodology for calculating the thermal energy generation tariff, the i number
of weighted average thermal energy generation tariff values is calculated according to the
formula:

T mix@) = T’ bio) X qbio + TP gasiy * (1 - qbio), 2.2)
where

T wix » — the weighted average thermal energy generation tariff, EUR/MWh;

T bioy — thermal energy generation tariff for thermal energy generated from biomass, EUR/MWh;

T qusy — thermal energy generation tariff for heat generated from natural gas, EUR/MWh;

qbio— the proportion of heat produced from biomass, calculated according to the structure of thermal

energy generation according to the formula:
Gbio = Qbvio | (Qvio + Qgas), (2.3)
where

Obio — the amount of thermal energy generated from biomass, MWh;

Qgas — the amount of thermal energy generated from natural gas, MWh.

Meanwhile, in order to establish benchmarks and to be able to assess heat tariffs according
to this approach, it is also necessary to calculate the values of the dimensionless tariff variable
Ry for the mixed fuel case according to Formula (1.1) by attributing the thermal energy
generation tariff values to the mixed fuel cost component of the heat source with the best
available technology. In separate calculations for natural gas-only and biomass-only heat
sources, the relevant BAT fuel components have already been calculated. By using these values
and the characteristics of the fuel structure used by a particular DH company, the fuel cost
component of a heat source with the best available technology in the case of a mixed fuel
structure can be calculated in accordance with the formula:

Clopmix = Copbio % qvio + Clopgas * (1 — qbio), 2.4)
where
Cspmix— the fuel component at the BAT heat source at the specific share of biomass in the
fuel structure of the DH company, EUR/MWh;
Clipbio— fuel component at a biomass-only heat source with BAT, EUR/MWh;
C'ppeas — fuel component at a natural gas-only heat source with BAT, EUR/MWh.

The calculation of benchmarks in the case of a mixed fuel structure, as with a single fuel, is
completed by the calculation of the set of R/"™ i number, which is carried out according to
Formula (1.1). For illustration, Fig. 2.3 demonstrates the resulting frequency distributions of

% In accordance with the conclusions of Section 2.2, the number of MC simulations performed in the benchmark
model to obtain sufficiently adequate results is assumed to be i = 1,000.
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absolute Ry values for the cases of a mixed fuel structure at different biomass proportions
compared to the frequency distributions of Ry values, if only natural gas or only biomass is used
for thermal energy generation.
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Fig. 2.3. Graphical comparison of the absolute frequencies of R,/ with R;2"*¢ (gpio = 0.00)
and R (gvio = 1.00) if the biomass share in the fuel structure is: gsio = 0.50 and gsio = 0.75.

The principal parameters that characterise the sample were calculated for all four Ry result
samples as well. These parameters are summarised in Table 2.2.

Table 2.2
Characteristics of Ry Result Samples

Rygbase Ri"™, gvio = 0.50 | R/"™, qrio = 0.75 R/
Mean value 1.588 1.875 2.090 2.389
Standard deviation 0.062 0.126 0.198 0.305
Min — Max 1.409 — 1.860 1.603 —2.500 1.642-3.114 1.692 —3.969
Kurtosis 0.157 1.831 1.958 1.904
Skewness 0.208 0.916 0.999 1.000

The numerical values of the parameters of the result samples demonstrate that for a mixed
fuel structure, the modelled frequency distributions of the absolute Ry values and the nature of
these distributions reflect a logical dependence on the gnio parameter that characterises fuel
structure.

1. If R and R, are assumed to be borderline cases, then both the frequency
distribution graphs of the R/"™ values and the parameters of the result samples lie
between the corresponding parameters of R2"*¢ and R,/". Furthermore, as the value
of gnio increases, both the graphs and the aforementioned values move in the
direction of R.
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2. Skewness, which describes the symmetry of the distribution of values, is positive in
all cases. This means that the graphs have an extended right branch and a reduced
left branch. The distributions of Ry scores have this character due to the constraints
introduced in the benchmark algorithm, which are explained in Section 1.2. As the
value of grio increases, the asymmetry ratio increases slightly. This trend can be
explained by a greater dispersion of values as g»io increases, which is also evidenced
by the trend in the standard deviation.

3. Kurtosis in all scenarios is positive, which means that the graphs are more peeked
compared to the ideal normal distribution, but within acceptable limits (do not
exceed 2).

2.4. Assessing Tariffs for the Transmission and Distribution
of Thermal Energy

If the benchmark model is applied to thermal energy generation tariffs, regulatory
simplification would affect at least 70—80 % of the total heat supply tariff. The remaining 30—
20 % of the total tariff is constituted by the thermal energy transmission and distribution tariff,
which is an important component, and therefore, it should be considered whether the regulation
of this tariff could also be simplified and how.

The modelling and research of the costs of the transmission and distribution network of DH
systems have led to the conclusion that the technological and economic process of thermal
energy generation is fundamentally different from that of heat transmission and distribution, as
described in Table 2.3.

Taking the aforementioned important differences into account, it has been concluded that
the dimensionless solution Ry, which is adequate for thermal energy generation, is unsuitable
for the analysis and modelling of the costs of heat transmission and distribution systems.
Therefore, the R programming environment and the so-called black box'® modelling approach
were used as a tool to find relationships between parameters characterising heating networks
and transmission and distribution costs. As a result, relationships were found to determine the
total cost of heat transmission and distribution in both linear and non-linear forms (see Formulae
(2.5) and (2.6)) by using only two input parameters.

Cror = —176.71 + 2304 X L + 0.99 X D0y , (2.5)

Cror = 254142299 x L +5.77 X 107° X D}t 15 , (2.6)
where
Cror is the cost of heat transmission and distribution, EUR 1,000 per year;
L — total length of the heat network system, m;
Dmax — the largest diameter of piping in the heat network, mm.

19 An approach to process and system modelling that looks for relationships between known input parameters (in
this case — technical and operational performance of heating networks) and known output parameters (in this
case — the costs of heat transmission and distribution), without studying and describing the internal aspects and
relationships of the system under study.
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The obtained results are illustrated in Fig. 2.4 and reflect the relationship between the actual
total heat transmission and distribution costs of specific DH companies (represented by the
dots) and the costs estimated by using the obtained relationships (the line in the graph represents
the results obtained by a linear relationship).

Table 2.3

Comparison of Heat Supply Processes

Generation

Transmission and distribution

Elements of competition can be observed; in large
systems, they can be approximated to market
principles

A local and natural monopoly

Dynamic business environment, investments are
coming in fast

The business environment is relatively stable over
time

The economic life cycle of technologies is 1015
years

The economic life cycle of technologies is 3040
years

A very wide range of capacities and technologies,
but, in fact, technologies can be divided into large
nominal groups by fuel type

Each specific system is unique in terms of
configuration, but at the same time, the systems are
homogeneous and can be accurately described by
geometric parameters (pipeline lengths and
diameters)

All cost groups are subordinated to the choice of
fuel type

All cost groups are subordinated to geometrical
parameters

One technical indicator — efficiency ratio — affects
60-85 % of the cost of the production tariff

There is no single indicator with such a large and
pronounced impact on the tariff. Technical
indicator that is analogous to the production
efficiency ratio — specific losses affect up to 30 %
of the transmission and distribution tariff costs

Simple mathematical tools are sufficient for
analysis and modelling

Sophisticated mathematical methods must be used
for analysis and modelling
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Fig. 2.4. Results of modelling the total costs of heat transmission and distribution.
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Despite the fact that only two parameters are used as inputs in these relationships, the
characteristics of the two relationships shown in Table 2.4 not only demonstrate that the
relationships found between the modelled and actual values of the target indicator are very
strong but also that the two inputs have a decisive impact on the results.

Table 2.4
Characterisation of Relationship of Modelling the Costs of Heat Transmission and
Distribution
Type of relationship R? p-value
Linear regression 0.9636 5.9E-13
Non-linear regression 0.9747 7.9E-16

Thus, adequate modelling results can be obtained with a small number of input parameters,
provided they have a significant impact. Respectively, modelling and benchmarking of heat
transmission and distribution costs and tariffs is feasible and could be based on a small number
of the most relevant parameters. This approach could be developed further in an attempt to
strive for even greater precision if the heat transmission and distribution tariff is considered as
the sum of its most important components. In general, the heat transmission and distribution
tariff can be broken down into three main components:

7 = (CM + COM,,, + Ceun) | O, 2.7
where
T — tariffs for the transmission and distribution of thermal energy, EUR/MWh;
Q¢ — the amount of heat energy supplied to end-users, MWh;
COM,.,,— operating costs of the DH network system, EUR;
C¢nw — capital cost of the DH network system, EUR;
C" — cost of heat losses, EUR, calculated according to Formula (2.8):
Chl = th x v, (2.8)
where
On — heat losses in networks, MWh;
77" — thermal energy generation tariff, EUR/MWh.

In this approximation, the heat loss component can be assumed to represent the variable
costs of heat transmission and distribution, while the operating and capital costs of the heating
network system can be assumed to be fixed.

Cost modelling studies of heating networks and analysis of the actual tariff structure for
heat supply make it clear that heat loss costs typically account for around 2545 % of total heat
transmission and distribution costs. Meanwhile, Formula (2.8) demonstrates that this value is
determined equally by the thermal energy generation tariff and the heat losses in the networks.
Losses in the networks are, in practice, usually characterised by the relative indicator gu, which
shows the % of the heat input to the system that is lost in the networks. In modern DH systems,
relative network losses in high-density building areas do not exceed 5—8 %, while in low-
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density areas, they can reach 15-25 %. The heat losses of the systems covering areas of different
building densities typically account for 9-10 % of the heat. The main factors that determine this
figure are the technical condition of the heating networks and the load. Thus, similar to the
efficiency ratio of a heat source in heat generation, the relative losses in heat transmission and
distribution could be the most important indicator that characterises the technology itself and
the efficiency of its use. Like the efficiency ratio of thermal energy generation, the Regulator
could set an adequate reference value for this indicator, which, in combination with the
benchmark for thermal energy generation, would effectively lead to a benchmark for the
variable costs of heat transmission and distribution.

Thus, it can be assumed that if the model of thermal energy generation tariff levels facilitates
the regulation of 70—80 % of the total tariff, the direct extension of this approach to the variable
costs of heat transmission and distribution would already cover 85-95 % of the total heating
supply tariff.

As regards the remaining part of the tariff — the fixed costs of heat transmission and
distribution — the Regulator could use the findings of the heat network parameter modelling
studies referred to in this chapter for obtaining sufficiently adequate results by using a small
number of parameters, which are, however, crucially important. In addition, the Regulator has
the advantage of possessing complete information on all regulated DH network systems,'! while
the voluntary participation of the most responsive members of the Latvian Association of Heat
Supply Companies in a survey was used for the analysis in this chapter, resulting in data on 21
DH transmission and distribution systems.

2.5. Basic Principles for the Practical Use of the Benchmark
Model

The following assumptions were made to define the basic principles for the practical use of
the tariff benchmark model:

1. The Regulator shall continue to perform the monitoring function of DH companies
and to receive annual performance reports from all energy sector merchants, which
include both technical and financial data. Thus, the Regulator obtains accurate data
on the real values of all parameters required for the determination of the heat tariff
during the same reporting period from all regulated merchants, including not only
the real data of all DH companies but also the actual values of the parameters that
characterise the principles of price formation for the external resources that affect
DH (natural gas, biomass, electricity).

2. The condition that the calculation of the heat production tariff must consistently
follow a certain methodology is maintained. The algorithm formulas of this
methodology are built into the benchmark model. The format of the annual reports
of the heat supply merchants is also consistent with the tariff calculation
methodology.

' More than 60 in Latvia.
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For the practical application of the benchmark model, the Regulator should perform the
following activities:

1. By using the information contained in the reports of DH companies, the Regulator
establishes and maintains a database of parameters required for the calculation of
thermal energy generation costs.

2. For the sets of real parameter values accumulated in the database, simple descriptive
statistical analysis methods are used to calculate the characteristics of these sets
(mean value, standard deviation), which are further used as inputs for the MCs of
these parameters to obtain, for instance, a 1,000 value variations, which, as
concluded in Section 2.2, is a sufficient number to recognise that the resulting
distribution of values is an adequate reflection of real market-like conditions.

3. The thermal energy generation tariff result samples are calculated according to the
formulae described in Section 1.2.

4. The Regulator shall select the thermal energy generation efficiency ratio for the
thermal sources with BAT that are using natural gas and biomass as fuel,
respectively, and calculate the result samples of dimensionless indicator Ry that
characterises the thermal energy generation tariff and the probability distribution of
these results. The considerations and recommended approach for the selection of
the BAT efficiency ratio are described in Section 2.6.

As aresult, the Regulator, with the use of MCs, has obtained an overall view that adequately
reflects the market in the situation where 1,000 companies produce heat from natural gas or
biomass and keep accounts and calculate their costs according to common principles. Real data
from any single trader is not decisive but it influences the overall data set and shapes trends,
just as it would do in a real market.

Next, the Regulator selects and sets the benchmark R;”" for the frequency probability
distribution of Ry values. This selected benchmark would, in fact, be the resulting decision of
the Regulator, as it would set a threshold up to which the Regulator would consider the Ry
parameter characterising the tariff of a given operator to be appropriate for the market situation
and beyond which the Regulator would have to intervene.

However, the actions and obligations of a DH company under the proposed regulatory
model would be as follows:

1. The companies shall structure and account for the costs of thermal energy generation
in accordance with the methodology established by the Regulator and shall submit
to the Regulator reports on their performance parameters in accordance with the
established form and within the established deadlines.

2. The tariff (sales price) of the thermal energy produced shall be determined by the
merchants themselves in accordance with the methodology established by the
Regulator.

3. The companies shall submit the tariff determined by them and the information on
the actual fuel structure indicator, gsio, to the Regulator.

Next, the Regulator shall examine the tariffs submitted by the merchants against the
benchmark. If the particular merchant uses a mixed fuel structure, the Regulator shall first, from
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the R, and R,/ data samples, calculate the R,/ dataset corresponding to the actual fuel mix
indicator gsio of the respective merchant according to the principles proposed in Section 2.3.
From the tariff determined by a particular operator (for instance, operator 4), the Regulator
shall calculate the corresponding Ry! and compare it with R,#". The evaluation of tariffs against
the determined benchmark is illustrated graphically in Fig. 2.5.
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Fig. 2.5. Evaluation of specific merchant tariffs against the Benchmark.

The schematic illustration of tariff evaluation provided in Fig. 2.5 demonstrates the Ry
values corresponding to the tariffs of two DH companies (merchant 4 and merchant B) relative
to the frequency probability distribution and benchmark R,#" of the entire set of Ryvalues:

o If Ry <R (for the tariff of the merchant 4 in Fig. 2.5), then the Regulator
concludes that the tariff for thermal energy generation established by the
merchant in question corresponds to the market situation, the operations of
the merchant are sufficiently efficient, and the profit is reasonable.

o IfRy> Ry (for merchant tariff B in Fig. 2.5), then the Regulator concludes
that the particular case does not fit within the framework of optimal
operation, and the intervention of the Regulator is required.
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2.6. The Benchmark Model as a Regulator’s Tool for the
Implementation of Energy Policy

The development and use of a heat tariff benchmark model would enable a fundamental
change in the regulatory regime — moving away from scrupulous ex-ante regulation and
focusing the activities of the Regulator on monitoring and providing incentives for the
efficiency of DH companies. The use of the proposed benchmarking algorithm would also
drastically simplify and speed up the regulatory procedure, as the proposed approach would no
longer require the Regulator to scrutinise the detailed calculations of the draft tariffs of each
DH company and the huge volume of supporting documents, which would free up resources of
both DH companies and the Regulator to address more important issues.

The Regulator, as an energy policy enforcer, could use the benchmark model for incentive
regulation, as the mechanisms built into the algorithms of the model provide the Regulator with
the tools that enable the Regulator to direct DH companies towards efficiency improvements.

By setting certain thresholds for the calculation of benchmarks in line with best practice
indicators, as well as tolerances for deviations from the model results, the Regulator can achieve
benchmarks that promote efficiency on the one hand and are realistically achievable on the
other. Furthermore, as technology advances, the Regulator may gradually notice them, thus
stimulating DH companies to move closer to best practice examples.

With the use of the proposed benchmarking model, the Regulator has four tools or activities
for the implementation of incentive regulation:

1. Updating the input data needed by MCs in line with the upward trend in the actual

performance of DH companies. The Regulator should update the data used for the
MC simulation and recalculate the benchmarks with certain regularity, including the
use of certain parameter values as a specific incentive tool by the Regulator (for
instance, the standard deviation #c) of the installed capacity utilisation parameter
mentioned above). This would ensure that the benchmark model is always up-to-
date and adequately reflects trends occurring in the sector. In practice, it would be
useful to align this process with the periodicity of reporting by regulated companies.
2. Incorporating new thermal energy generation technologies into the benchmark

model. The design of the model for the benchmark algorithm was based on the
analysis of real data. Therefore, the model elaborates on the formation of thermal
energy generation costs in detail in the situation where the dominant energy
resources used in heat supply in Latvia — natural gas or biomass — are used. At the
same time, new technologies for thermal energy generation are developing rapidly
and are likely to make a decisive contribution to the conversion of DH to climate-
neutral solutions. Accordingly, with the use of the algorithm for the cases of mixed
fuel structure, the benchmark model can be extended with new calculation modules
to simulate the use of new thermal energy generation technologies.

3. Energy production efficiency parameter at a BAT heat source. The Regulator must

follow the technological developments in the sector and, if necessary, update the
BAT efficiency figures for thermal sources used in the benchmark model.
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4. Defining the R;*"” benchmark. This value is the decisive and aggregating instrument
for incentive regulation. It depends on all inputs to the benchmark model and
summarises the impact of the three previous instruments. On the other hand, the
definition of this value is a comprehensive formulation of the opinion of the
Regulator, as an implementer of sectoral policy, regarding the efficiency of thermal
energy generation.

Based on the characteristics of these regulatory instruments, a conclusion can be drawn that,
when using the benchmark model, the decisive choices of the Regulator involve the definition
of the BAT efficiency indicators and R/". Both of these values cannot be defined in exact
terms, but, in practice, they should be used by the Regulator to simulate the behaviour of market
forces.

In an absolutely competitive market, which is only a theoretical construct, the Ry values
characterising the tariffs of all companies would tend towards a single Ry value — in the graph
provided in Fig. 2.5, this would be the mean value of the Ry distribution. However, in the real
market, there is quite a lot of diversity. Suppliers of fuels, technologies and other goods and
services required by DH companies compete in these markets. Thus, the market is subject to
interacting forces of suppliers, buyers, as well as many other variables (consumer behaviour
and habits, general business regulations, industry policies, national and local taxes and duties,
etc.). Therefore, in the real market, the distribution of the indicator that characterises tariffs
would be similar to that obtained in the benchmark model.

In a real competitive market, the strongest and most efficient players should survive, as
market forces would also conditionally draw a benchmark line. In reality, of course, no such
single marker exists, but the most efficient market members or new entrants exert the most
pressure on the less efficient. In the Ry distribution graph (see Fig. 2.5) obtained with the help
of the benchmark model, these are most likely to be represented by the right-hand branch of the
plot beyond 1-1.5 standard deviations from the mean value of the distribution, i.e., 9-16 % of
most inefficient companies out of the total number of merchants.

Similarly, as the Regulator simulates market forces, the pressure to become more efficient
should be exerted on the DH companies exactly in this range. By drafting R,/ at the distance
of one standard deviation, the Regulator would effectively have decided that around 84 % of
the tariffs of DH companies are compliant, and the Regulator could authorise their use without
scrutiny. However, the Regulator may gradually shift the boundaries of this range to stimulate
improvements in efficiency.

The regulator, when using the tools offered by the benchmarking model, should act in a
balanced way, both in terms of increasing the efficiency of existing technologies, as well as
introducing new innovative solutions.

In terms of improving the efficiency of already proven and widely used technologies,
incentive-based regulation would work quite simply in a purely technical sense. By regularly
updating the inputs to the benchmark algorithm, the algorithm will gradually incorporate both
the latest up-to-date technology performance indicators and market-appropriate investment and
operating costs. Accordingly, the benchmark model would follow the real developments in the
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sector, and the simulated values would incorporate the impact of both technological
developments and changes in price indices.

The most complex issue in motivating DH companies to adopt newer efficient technologies
lies in the balance of efficiency requirements and the ability of companies to recover the
investments made in adopting these technologies and in the question of how to simulate the
conditions under which a free-market company would make investment and innovation
decisions.

However, in an over-regulated business environment, like the one observed in the regulation
of heat supply in Latvia, it is not expected that merchants will have a genuine initiative to
innovate and seek efficiency solutions. An over-regulated environment creates a stationary,
reactive and self-replicating economic process that, in fact, only reproduces existing assets at a
very limited rate of return, often not even covering the true cost of funding.

Incentive regulation should, therefore, ensure that those companies that invest first in new
efficient technology, while at the same time incurring new capital costs, benefit from a
sufficiently rapid return on investment and also make a reasonable profit — as an adequate
reward for investing in innovation and risk-taking. This could be achieved if a new technology
benchmark module or a dramatic improvement in efficiency parameters of a traditional
technology were not included in the benchmark model as soon as the relevant data is collected
and accumulated, but with a certain time lag.

A similar process naturally occurs in competitive markets. Early adopters can make
significant profits for a certain period of time, until the technology is gradually taken up by
competitors, and their pressure reduces prices and the profit of the early adopter.

Respectively, when using the benchmark model, new technologies should be included as a
new calculation module in the algorithm once their use and distribution have become more
widespread. From then on, the tariff characteristics simulated in the benchmark model will also
reflect the impact of the new technology, which will result in DH companies having to gradually
reduce their product prices, which will, in effect, mean that the benefits of the new technology
will start to be redistributed to the benefit of consumers.

Although the proposed method for the benchmark model is not complex in principle, in
practical terms, it requires work with large data sets. At first sight, this would seem to contradict
one of the original requirements of the envisaged regulatory model — a reduction in the
consumption of Regulator resources. However, on the other hand, once the benchmarking
algorithm is set up, further data processing can be broken down into simple, repetitive
procedures. In practice, therefore, both the extraction of data from DH companies and the
processing of the obtained data should be fully supported by modern information technology
solutions. Furthermore, it can be presumed that data processing, simulations, Ry calculations
and analyses necessary for the decisions of the Regulator should be entrusted to Al tools.

In turn, the creative expertise, competence and experience of the Regulator should be used
to select the benchmark itself and the decisions on action to be taken regarding DH companies
above the benchmark that have been outlined below.

In cases where the tariff applied by a particular DH company would fail the test built into
the benchmarking algorithms, the Regulator shall conclude that the particular company has
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earned income that is unreasonable for the market situation and order a tariff reduction

sufficient not only to meet the benchmark test requirements but also to compensate for the

excess income earned in the previous period.

The way forward could be twofold: either the DH company agrees to revise its tariff, find

ways to reduce it and resubmit it for retesting, or the respective company submits the full tariff

calculation to the Regulator for due diligence that follows the full tariff test procedure. When
reviewing the full draft tariff, the decisions of the Regulator could take three forms:

L.

The Regulator verifies that the DH company in question is currently unable to
provide heat at a benchmark-compliant tariff but, at the same time, concludes that it
is possible to implement improvements and bring the tariff into compliance within
a certain timeframe. In this case, a fixed-term tariff may be approved, specifying a
transitional period within which compliance must be reached.

The Regulator verifies that the DH company in question is subject to objective
circumstances that are beyond its control which make it impossible for the company
to provide heat supply at a tariff that complies with the benchmarks and shall
approve the tariff.

The third could be an extreme case where the Regulator concludes that there is no
economic justification for maintaining a DH system in the particular location (for
instance, DH systems with critically low load factors in small settlements with a
strong depopulation trend). In such cases, the Regulator should make a drastic
recommendation — to carry out planned decentralisation of the DH system and the
construction of local heating sources.

Finally, the Regulator should also pay due attention to those cases where the tariff indicator

Ryis skewed to the extreme left of the R/rdistribution graph. Such cases may point to a risk that

the company in question is unable to recover all the costs necessary for sustainable heating

supply due to some circumstances. Given the fact that the Regulator is responsible not only for

consumer protection but also for the sustainability and development of the business activities.
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3. CONCLUSIONS AND RECOMMENDATIONS

Conclusions
In a context where the whole European energy sector is undergoing a fundamental
transformation towards decarbonisation, DH regulation also needs to transform and move
as closely as possible to market principles, not only to stimulate DH companies to raise their
operational efficiency but also to guide them towards investing in technologies relevant for
achieving climate neutrality, while adapting to new consumer demands.
The analysis of regulatory theories, methods and practices leads one to the conclusion that
no ideal approach can be defined for the regulation and no universal and ideal method of
regulating prices and tariffs can be found. Both a fully liberalised heating supply market
and strong regulation of the heating sector have multiple drawbacks. Therefore, an optimal
middle ground between these two alternatives must be sought, and the approach to the
regulatory regime must be subject to certain objectives.

The DH tariff benchmarking method developed within the framework of the Thesis, based

on the simulation of virtual DH market conditions using a Monte Carlo simulation model,

is proposed as an optimal compromise between the over-regulation and full liberalisation
of the DH sector.

From the results of the analysis of actual DH company data used to design the tariff

benchmarking model, it was concluded:

o  The design of a benchmark model cannot be based solely on empirically derived
regression equations, and tariff setting cannot be simplified, for instance, by trying to
find a single tariff ceiling benchmark expressed in absolute value that all DH companies
should aspire to or some different benchmarks for the most representative groups of
DH companies or systems.

o The processing of real company data with more sophisticated statistical analysis tests
shows that the samples of both the tariff values and the values of the most important
elements of their calculation, stratified by the type of fuel used, possess statistically
significant differences and that the empirical distribution of these values follows a
normal distribution with a high degree of confidence. Therefore, for benchmarking
purposes, calculation modules for MCs should be created separately for each fuel type
that is used.

The key element of the tariff benchmark model is a dimensionless value of Ry, which

describes the ratio of the thermal energy generation tariff of each DH company to an

efficient heat generation benchmark — the fuel cost component of the BAT heat source.

Frequency distribution of Ry values generated by MCs simulates the situation that would

arise in a specific DH supply market under competitive conditions.

The assessment of the obtained results shows that they are sufficiently adequate:

o The evaluation of the random error of the results is estimated to be less than 1 % for all
calculation scenarios, and thus, the general results generated by the MCs can be
accepted as adequately describing real-world conditions.
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o The values of the parameters that characterise the samples of results obtained by
different calculation scenarios correctly reflect the specific nature of the thermal energy
generation costs depending on the structure of the mix of fuels used. The higher the
share of fuel costs in the cost of thermal energy generation, the narrower the range of
Ry values and the lower the standard deviation. In the moderate natural gas price
scenario, with the use of natural gas only, the Ry averages at 1.875 and the standard
deviation is 0.126. As the share of biomass in the structure of the fuel mix increases,
both the mean Ry value and the dispersion of these values gradually increase until the
mean Ry value reaches 2.389 and the standard deviation — 0.305, if biomass alone is
used. This trend reflects real-world conditions, where using biomass for heat
production increases the impact of operating and capital costs, resulting in more
dispersion of heat tariff values.

The model of heat tariff benchmarks developed within the framework of the Thesis is not
complex, and widely available everyday IT solutions are sufficient to support its use. Thus,
it is not difficult to add user-friendly interface solutions to the model and put such into
practice. Practical use of the benchmark model enables the Regulator to easily calibrate it
to a higher degree of accuracy, as the Regulator has access to all the real data of all regulated
companies that can be used to determine the inputs to the MCs.

An overall conclusion can be made that the developed benchmark model, its properties and

possibilities of application bear evidence that the hypothesis is fulfilled, the objective of the

Thesis is achieved, and the tasks are fulfilled.

Recommendations

The development and use of the proposed algorithm for setting the thermal energy tariff
benchmarks would drastically simplify and speed up the regulatory procedure. The
Regulator could fundamentally change the regulatory regime — moving away from
scrupulous ex-ante regulation and scrutiny of the detailed calculations of the draft tariffs
of each DH company. This would free up the resources of both the DH company and the
Regulator to address more important issues.

The Regulator, as an energy policy enforcer, could use the benchmark model to provide
incentive regulation, as the mechanisms built into the benchmark model algorithms provide
the Regulator with the tools to drive DH companies towards efficiency improvements. By
setting certain thresholds for the calculation of benchmarks in line with best practice
indicators, as well as tolerances for deviations from the model results, the Regulator can
achieve benchmarks that promote efficiency on the one hand and are realistically
achievable on the other. Furthermore, the Regulator may gradually reduce them in line with
technological developments, thus stimulating DH companies to move closer to best
practices.

Meanwhile, for DH companies, the introduction of a DH regulation method that mimics
market conditions would:

o improve long-term business planning;
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o increase incentives to invest on a commercial basis in efficiency and emission
reduction technologies such as heat pumps, use of low potential residual heat;

o create the conditions for a flexible pricing and tariff structure to adapt to new consumer
demands and the integration of active consumers into DH systems;

o facilitate the preparation of DH systems as large-scale and controllable energy storage
elements for synergies with the electricity supply system to increase its resilience,
which will be a key factor in transforming the electricity supply and integrating
fluctuating and non-controllable RES generation sources as efficiently as possible.

4. The algorithm and model developed in the Thesis also open further research opportunities,
as they can be used not only for practical regulation of DH but also for studying the
dynamics of tariffs under the influence of changes in various external factors.
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