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It is not sufficient to treat energy systems iroagl term perspective as purely technocratic onesiaBactors, socio-
political dynamics, co-evolution nature of sociatyd technology should be also taken into accoupmplydng the framework
of a sociotechnical and multi-level theory on tigings it is investigated whether a technologicartsition in heating
service of Ukraine’s building sector is observedsishown that despite interacting dynamics atréggme and landscape
levels heating sector of Ukraine can consideretiaing in stagnation.

Succesful implementation of innovations requiredically new methodologies compared to currently liggb in
Ukrainian energy policy. Within the frameworks of #RM project socio-technical approach was adapted doenario
development of heating system for the Ukrainian aftBila Tserkva.

The article proposes to combine exergy-based arsfasability methodologies as nich-cumulation prxefor
development of new types of heating systems. Ertentithe combined exergetic and sustainabilityrapph to meso-level
as standards, rules will accelerate transitons iatifeg service.
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Henpasunvno posensdamu enepeemuyni cucmemu 6 008620CmMpoKo8iil nepcnekmusi sax cymo mexrnoxpamuyni. Coyianvui
Gaxmopu, coyianbHO-NONMUYHA OUHAMIKA, €BONIOYIsL NPUPOOU CYCRIIbCMEA | MEXHONO2IT NOBUHHI OYMU MaAKoC NPULHAMI
00 ysazu.

3a oonomozoio 3acmocyeanns cmpykmypu coyiomexniunoi i 6azamopignegoi meopii nepexody 00cnioxicyemovcsa numan-
HA, YU 8i00yBaecmbCa nepexio Ha HOGi mexHono2ii menionocmavanusa 06yoieenvroi eanysi Yxpainu. [logedeno, wo ycniwne
6NPOBAOIICEHHST THHOBAYII BUMA2AE NPUHYUNOBO HOBUX MEMOOONO0IU V NOPIGHAHHI 3 MUMU, WO HUHI 3ACMOCOBYIOMbCA 6
VKPAIHCOKIL eHepeemuy it noaimuyi.

YV mescax npoexmy ERAIHM coyianvro-mexuiynuii nioxio 6ys adanmosanuil 015 po3pooKu cyeHapHoi cucmemu ona-
JleHHs1 05 yKpaincokoeo micma bina Llepkos.

3anpononosano 06’ eOonamu memooonozii, 3acHo8ani Ha excepeii ma cmitkocmi Oas po3pOOKU HOBUX MUNI6 cucmem
onanemHs.

Knwuogi cnosa: enepeemuuna cucmema, mexHonr02iuHull nepexio, CYeHapHi cucmemu;, excepeemuyHull nioxio.
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Heoocmamouno paccmampusams snepeemuieckue cucnmembvl 6 00I20CPOHHOU NEPCneKmuge KaxK 4ucmo mexHoKpamu-
ueckue. Coyuanvhvle paxmopol, CoyuanbHO-NOIUMUYECKAS OUHAMUKA, I80TIOYUOHHAS NPUPOOa 0bwecmed U mexHoI02Ull
makaice 00NICHbL ObIMb NPUHAMBL B0 BHUMAHUE.

C nomowywio npumernenus CmpyKmypsl COYUOMEXHUYECKOU U MHO20YPOBHEEOT Meopul Nepexo008 Uccaedyemcs 60npoc
0 MoM, HAbBNI0Oaemcs U nepexoo0 Ha HO8ble MeXHON02UU MenaocHabicenus cmpoumensvrol ompacau Yxpaunut. Ilokasano,
umo ycnewinoe gneopenue UHHO8ayul mpebyem NPUHYUNUAILHO HOBbIX MEMmO00N02Ull, N0 CPAGHEHUIO C NPUMEHAEMbIMU 6
Hacmosujee 8pems 6 IHepeemuieckoll noaumuKe Ykpaunol.

B pamxax npoexkma ERAIHM 6b11 adanmuposan coyuanvno-mexnuueckuti nooxoo0 0as paspabomku cyeHapues cucme-
Mbl OmonnieHus Osl ykpaunckozo 2opooa benas I]epkogn.

Ilpeonooceno 0b6vedunums Memoooio2ul, OCHOBAHHBIE HA IKCEPSUU U YCMOUYUBOCMU 01 PA3PAOOMKU HOBbIX MUNOE
OMONUMENbHBIX CUCEM.

Knroueguvie cnosa: snepeemuyeckas cucmema, mexHoni02U4Hbl nepexoo; CyeHapHble CUCMeMbl; IKCepeemuieckuii nooxoo.

buén.: 10.
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The necessity for restructuring buildings environmeto more sustainable forms is
obvious and indisputable. The building stock is ofi¢he major actor contributing energy
related environmental problems. In many cases iegigechnological innovations in this
sector are implemented very slowely and do not idevransitions toward sustainability.
Changes in the existing institutions, professiamaims, belief systems and, in some cases,
also lifestyles are also required. Adoption of tvler system’ view to encompass not only
technical aspects about building infrastructuredsd the societal and institutional elements
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and understanding how such socio-technical tramstimight be brought about is one of a
major today’s interdisciplinary research challe(gg.1).

Today's most influential body of innovation-focustednsition research originates in the
Netherlands (“Dutch approach”). Approaches thateleded from the Dutch school and feature
most strongly in the study of “sustainability traiesis” are multi-level perspective (MLP),
transition management (TM), strategic niche manageniSNM), technological innovation
systems (TIS)2. The multi-level perspective wagiodlly developed to understand and
systematically analyse socio-technical transitimmg regime shifts. Understanding the nature of
transitions becomes particularly important in ligiitthe major changes that the world faces
currently. It can improve our knowledge of how s#ions might be managed in a more
sustainable manner. In recent years, the multiH@eespective has been used in several
empirical studies: transitions from sailing shigs dteamships; from horse-andcarriage to
automobiles; from propeller-aircraft to turbojetanalysing the failure of two niches in the
Netherlands — heat generation from heat pumps iargds production7; evolution of dynamics
in digital technology, analysing system innovatiorrelation to the uptake and integration of
decentralised CHP technology in Germany; transititoutch water management etc. Such
sudies can be used as a tool to look into how pais@ transitions might unfold in future. The
framework of MLP has been developed based on fgsdiftom evolutionary theory and
systems analysis. According to Geels ‘the stahilftgstablished socio-technical configurations
results from the linkages between heterogeneousesis’. For MLP, these are linkages
between three conceptual levels: macro, meso aci.mi

On the macro level ‘landscape events’ occur. Lamplsds associated with the material
context of society. It is made up of various mataotors such as fuel prices, interstate
geopolitical relationships and forthcoming evenlike( treaties and wars), political and
governmental coalitions, cultural values and magowrvironmental problems. The socio-
technical landscape forms the external contexafdion of, and interaction between, actors.
The meso level is referred to as the ‘socio-tedimegime’. These regimes encompass social
and institutional rules that enable and constraitiviies between actors. These rules are
related to several institutionalised factors, swsh markets, user preferences, (sectoral)
policies, industries, science, culture and techyyloAs a rule of thumb, socio-technical
regimes only change incrementally and contain defenechanisms to fend off attempts to
replace them with alternatives, typically radicahavations developed at the micro level in
‘socio-technical niches’. The micro level is retdrto as the analytical level in which ‘socio-
technical niches’ develop. The niche is one of ¢katral concepts in transition research.
Niches form protective spaces in which radical watmn can develop, while being protected
from regime defence mechanisms. An important qoestegarding the role of the niche is
upscaling (e.g. addressing the question how tceas® the take up and integration of the
niche within society). Smith and Raven differerdighree functions for niche protection:
shielding, nurturing and empowering. Shielding ref® processes that hold at bay selection
procedures from mainstream selection environmeéwisturing refers to processes such as
learning, networking and expectation formation.alyy empowering refers to the process
that makes niche innovations competitive withinhained selection environments (‘fit-and-
conform’) and processes that restructure mainstresmbection environments in ways
favourable to the niche (‘stretch-and-transforniPplitical, administrative, managerial and
academic interest in how to encourage (sustainabéesitional change have led to the
development of managerial transitional change fraonks, notably the Strategic Niche
Management (SNM) and Transition Management. Therlinked character of the macro,
meso and micro levels means that regimes are eratleglithin landscapes and niches within
regimes. Innovations (and hence attempts to biwogtatransitional change) take off in niches
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in the context of existing regimes with their sfiegproblems, rules and capabilities. Thus, in a
transition process, interactions between dynamitt between the three levels. Theoretically,
the systemic dynamics that result in transitiorfsinge follow a typical pattern. Landscape
events (like new political situation, environmenpabblems, increase of fuel prices) create
pressure on socio-technical regimes which resufirablems that regimes cannot solve from
within. Solving these problems via incremental megioptimization will not suffice to solve
these problems and creates opportunities for altiemradical innovations with the potential to
overthrow the current regime. This provides opputies for new innovations that is developed
in niches and are supported by social networkerAtérative sets of niche experiments (e.g. by
organising demonstration projects), innovationsumeaénd have the potential to gain a foothold
in the existing socio-technical regime. If succeksit can eventually replace the existing
regime and hence the socio-technical system as Bobn replacement of an existing regime
by a novel regime takes place, one can speak ¢&¢mysinovation. When this concerns a
radical innovation, one can speak of transitiomgnge. Breakthroughs of radical innovations
consequently depend on interactive systemic presesgthin and between the macro, meso
and micro levels (i.e. between landscape evenés,stitiotechnical regime and niches). In
general, transitions are context dependent. Arabyisimportant lessons from long-term (1990-
2015) performance of the sector providing heatiagds for buildings in Ukraine is made in
this work using a sociotechnical and multi-levedahy on transitions. Among others we will try
to answer the following questions: Do we observee@hnological transition in Ukraine’s
heating systems? And is this transition managethtosake of overcoming today’s challenges?
During Soviet period Ukrainian heating as one o$ibaervices had been supplied fairly
cheaply and abundantly. Although the standards inr@guments (SNiPs) to insulation
characteristics of envelopes had been changedgdtivat period more than ten times thermal
performance of buildings was quite poor. The ma&ason was very low prices for energy
which were set administratively by the state. Itwents expenditures for construction
materials were of high priority. No heat or hot @ranetering existed in Ukrainian residential or
commercial and public buildings. Consumers didhaste the technical capacity to regulate the
heat supply individually nor has it been possitdaally at the level of an individual building —
it was performed only centrally at the heat produncplants and at the substations according to
outside temperature levels. Heating servise wasséiids based mostly on district heating
(more than 60 %) and natural gas. Up to 2013 ni@e 85 % of Ukraine’s oil, about 75 % of
its gas and all of its nuclear fuel came from Rassi through Russia. Ukraine has some
domestic resources of coal, gas and oil but theynat sufficient to meet the country’s energy
demand. Little attention was paid to energy effitimeasures because of low prices on fuel.
Although during Soviet period novelties in heatimgre being developing in the nich-level the
mesolevel regime did not provide the opportunityniplement them widely. After fall of the
Soviet Union in 1991 Ukraine became independerindition from centrally planned economy
to market-based one at the end of the 20th cectawmged considerable pressure on landscape
level in Ukrainian society. It stimulated changésreeso-level. But generaly speaking socio-
technical modes in the sphere of heating servisaireed the same. Reforms in heating sector
of residential sector have been too socially expéoto touch. In 1994 Ukraine governed the
Law “On Energy Conservation” No 74/8P dd. 01.07.1994. This Law stipulates a number of
principles in the energy conservation sphere. Aotdhem are either declarative or too general,
for instance:

— combination of methods of economic stimulatiord dinancial responsibility for the
purpose of rational and efficient use of fuel andrgy resources;

— popularization of economic, ecologic and socthiamtages of energy conservation,

— increase of public educational level in thisesgh
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After 1994 Ukraine started liberalising its energgctor. But this reform touched only
electricity market. The heating sector is beingutagd by central state bodies up till now
(today National Commission for State RegulatiorEaergy and Public Utilities provides this
function and is subordinated to the President afaldle and accountable to the Parliament of
Ukraine). Electricity prices are set by the markenf the state regulator can still apply
compulsory cost allocation for setting heat tarifectricity prices vary according to market
conditions, while heat tariffs reflect the shareo$ts allocated to it. Such regulation is reasoned
by an effort to decrease pressure on householatcyparly low-income families which
constitute the majority of Ukrainian population.diag service in households seems to have a
higher priority than electricity one especialy iouatries with cold climate. Radical policy in
heating seems to be too socially explosive to toAchong possible changes in space heating
technologies in Ukraine (main competitors of thstrdit heating) are building or apartment-
level natural gas boilers. Consumer dissatisfactih service quality in district heating and
low tariffs for gas favours such changes but notida-income families (about 70%). On the
other hand, installation of such boilers and irdlinal disconnecting from district heating caused
new problems. It unbalanced hydraulic modes, owedsioned capacity and increased
maintenance expenditures in existing district Imgasystems. Moreover this worsened air
quality near buildings. As a result the state fddauch installation.

According to the Order of the Ministry of Constioat Architecture and Housing and
Communal services of Ukraine new Ukrainian Buildidgdes were issued in 2006 carrying
stronger, about 2 times higher, requirements orggreonsumption for spaceheating buildings.
The new Codes propose design guidelines for bo#scpptive and performance-based
compliance paths. According to the prescriptivehpéirther improvements in thermal
resistance values for individual building envelopéements have been defined. The
performance path requires specific energy conswomggvels for space-heating the whole
building, allowing for trade-offs in the energy ftemance of individual envelope elements and
giving possibilities to implement a wider range agtions for increasing energy efficiency.
Methods and paths for achieving requirements of Goees are chosen during the design
process. Achieving requirements of the Codes inpbamce with the performance path
introduces a wider range of energy efficiency aitido implement. This path considers a
building envelope and a HVAC system as a whole d¢exafd he results of calculations showed
that combination of measures for decreasing ensvggumption in space-heating buildings in
compliance with the performance path of the Codesgive an optimum solution which has
investment feasibility. Some increasing envelomartal resistance in combination with more
efficient ventilation systems, improved control teyss, more efficient sources of heating
energy, alternative sources of energy, appropchtece of shape, size and orientation of a
building can be proposed to implement in curremtdations of Ukraine as energy efficiency
solutions which achieve requirements of the newaukan building Codes. Although, the
amount of buildings which are operated in compkamnadth the new Ukrainian Codes is still
limited due to lack of economic feasibility.

Currently insulation of individual dwellings in niiistory residential buildings can be
observed in Ukraine. Such measures are impleméetmlise of poor thermal comfort inside as
a result of low quality service of existing distrizeating systems. For final customer of heat
energy two main pricing models are used in Ukramedel 1 — price for 1 square meter of
heated area, calculated on the basis of “norm&ain&” (widely used at present); model 2 —
price for 1 Gcal of consumed energy (applied iresashere the heat metering is installed). In
model 1 a dwelling doesn’t not save any costs adidditional insulation of its external
constructions. In a case of building-level heatemeg (only such installation is permitted in
Ukraine) insulation of the individual apartmentuks in decreasing consumption-based bills
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for the whole building but not for this apartmehedting bill is divided among apartments
based on the living area each apartment occupes)the main reason of this retrofitting is
improving indoor thermal conditions. Although, & not financially feasible for residential
buildings but mostly for commercial and budgetang®

So far, the government has not implemented manisoplanned reforms, which thus
remain political declarations. Most of the laws deelarative, very general and technocratic.
For example, in two versions Energy Strategy ofdifle for period till 2030 too technocratic
approach is used. These Strategies lack well-dedigmd coordinated with other documents
policy framework. New political situation in Ukrarafter 2013 formed a new landscape shock.
The EU-Ukraine Association Agreement was complegbned on June 2014. But such
Russia’'s actions as annexing Crimea, establishmgsapporting a separatist movement in
Eastern Ukraine, have fundamentally changed thetgin. Gazprom (the largest Russian
statecontrolled gas company) increased Ukrainesspgae by 81 per cent from US268.5 per
thousand cubic meters in late 2013 to US485 in 2Ql4aine considered this new tariff -
Russia’s highest gas price in Europe - as unfaruarsustainable. Since that Ukraine has been
trying to cut its dependence on Russian gas, bwymgpiping it back from European countries
that had imported it from Russia at a lower prid&r@ine is one of the most important energy
transit countries in the world: about 70% of the gad 15% of the oil that Europe acquires
from Russia travels through Ukraine.). Accordinghe national oil and gas company Naftohaz
in 2015 Ukrainian gas consumption fell significgnffrom 42.6 bcm in 2014 to 33.8 bcm).
Domestic gas production decreased less signifigatati19.9 from 20.5 bcm. Gas imports fell
to 15.3 bcm in 2015, from 19.5 bcm in 2014, anddrtgpfrom Russia in particular plunged to
6.1 bcm in 2015, from 14.5 bcm a year earlier. ¢amparison, Ukraine imported 45 bcm of
gas from Russia in 2011. At the same time, Ukralnmeost doubled gas imports from the EU to
9.2 bcm in 201528. Current Minister of Energy andalCindustry of Ukraine Volodymyr
Demchyshyn announced current heating season wiRugsgian fuel and Ukraine’s plans to cut
gas imports further to 11-13 bcm in 201629. Acaaydio requirements of the International
Monetary Fund to resume lending to Ukraine underStand-by program increase in tariffs for
housing and communal services took place in Ukraimee 2014 . But in dollar equivalent such
prices have decreased due to drastic fall of Ulkaaiourrency. Such situation is not attractive
for implementation of energy efficient and innowatitechnologies. Economic feasibility has
turned out to be lower due to the fact that iniitelestments in such measures are linked to
currency market. Such situation made Ukrainian gomss to install where it is possible wood
and pellet boilers. But, again, this quite new tetbgy resulted in additional operations and
maintanence problems and extra costs.

While sustainability transitions studies are ofteging criticized for its narrow focus on
European and other OECD countries, more and mbwass apply concepts and frameworks
like transition management or strategic niche mamant to countries in Eastern Europe,
Asia, Africa or Latin America. Using socio-techrlicapproach to system development,
adaptation and implementation of backcasting metlogy for strategic decision making in
the Ukrainian cities was realized within the franoeke of ERAIHM project (Advancing
Research and Cooperation Capacities of InstituteHgliromechanics of the National
Academy of Sciences of Ukraine towards Europeare&eh Area). Scenario development
for heating system in Bila Tserkva has been eldabdrdt should be noted that in Ukrainian
conditions this is the very first attempt of applyimodern techniques for solving of the
multi-factor transdosciplinary problems oriented tve middle- and long-term sustainable
development of social-economical systems. Today weserve development and
implementation of the next generation of principfes provision of thermal comfort in
buildings . One of the necessary niche level intioma for implementation of these new
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principles is exergy-based methodology which inekidhot only innovations in technical
components but also in the societal and institalicements. Exergy analysis is without a
doubt a powerful tool for developing, evaluatinglamproving thermal systems, particularly
when this analysis is applied to the built enviremi Today heating needs in building sector
are commonly satisfied by burning fossil fuels wakergy efficiency as low as 10 % even
when enthalpy efficiency can reach 90% and morelidation of low-exergy approaches to
design of new innovative energy use strategies uidding sector is one of the crucial
challenges for this sphere. Advanced exergetic yaigl exergoeconomics
(thermoeconomics), exergoenvironmental analysieesd new exergy approached methods
which are mainly developed and applied to chemimdilistry and power sector can also be
promoted for heating/cooling systems of built eamment. There are several works which
link the exergy concept with insights on sustairal@nergy supply and sustainable
development. But the exergy methodology does m&tindjuish between renewable and not
renewable energy sources. This distinction, crutmal finding options towards a more
“sustainable” energy supply, must always be reghragditionally to the exergy analysis.
Exergy approach is relatively new in the built @owment and it has not been implemented
in buldings standards. Extending the exergy-basethmdology to mesolevel is one the
current important challenge . Including exergy asseent in building energy codes would be
a very important step towards a more energy efficlauilt environment and would help
bringing the exergy approach to the public and giexi makers. There are some works
concerning including exergy in energy legislationBBis research needs additional attention.

Conclusion

1. On the base of socio-technical and multi-leygdraach the work has made an attempt
to identify and analyse change processes whictbées taken place in the heating sector of
Ukraine during the 1991-2015 period.

2. It is shown that historical change processesiwithe specified period in Ukraine’s
heating sector can not be characterized as atiansihere are interacting dynamics at the
regime and landscape levels (Ukraine independent891, implementation of market rules,
dramatic political changes in 2014-15), but wittlldi influence from niches. Such changes
can be regarded as some reproductions but notiticauss Moreover, heating sector in
Ukraine can be considered to be in stagnation.

3. Socio-technical regime of this sector remaimsosit the same as during Soviet period
of time (outside market rules, technocratic appnoéased mainly on natural gas, strong state
regulation of tariffs). The Ukrainian governmentshaot implemented many of its planned
reforms, which thus remain political declaratioAstion plans in Ukraine show very modest
developments for implementations of sustainabitéysitions in heating systems. Most of the
laws are declarative, very general, too technaceatd with poor policy coordination.

4. The main reason is that heating service haglagocial importance especially for the
major consumer — residential sector. Liberalisimgorporating into market rules, stronger
policy seem too socially explosive to touch for tigaine’s government.

5. Incremental solutions (windows replacement, alfston of individual gas boilers,
insulation of individual appartments, metering) ethhappen within the heating sector mostly by
chance are reasoned by not only economic feagillnlit also the necessity of provision of
thermal comfort inside buildings. Quite ofted sugh-controlled and not well-established
measures worsen technical functionality, econorarampeters and even comfortable conditions.

6. However, there are first attempts of applyingi®dechnical approach to system
developments in Ukrainian heating systems (examipERAIHM project).
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7. Exergy-based methodology linked with sustainabtiecators will enable to improve
nich-novelties in heating service and acceleragahs through for adjustments in socio-
technical regime of heating service.
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