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1. CURRENT SITUATION OF THE STUDIED PROBLEM

The public discussion about new and innovative neldgies implemented into energy
industry is mostly done only to the end of popwation. The expert discussion deals with
technical problems. Arguments that are used aretlynpartial and do not provide the
complex view. The whole Energy Industry (EI) is nomw the crucial point. The socio
economic aspects begin to impacts on this industagsively. The customers are now
connected to energy industry as a direct marketcgaant and electricity market undergoes
more or less successful changes in the way of hitiperalization, represented mostly by
legislation changes in the whole Europe Union (ETHe lots of such aspects and changes
cause brand-new energy smart technologies (ST)|af@went. This dissertation thesis
represents a short introduction into way how tastd and describe these smart technologies
implementation. It suggests using systematic amgbré@athis end.

2. AIMS OF THE DOCTORAL THESIS

Public articles concerning with SG are mostly diggime and marketing aimed, explaining
the promises of manufacturers of advanced metenfigstructure (AMI). There are very
little scientific articles describing SG from thgsgematic viewpoint. Author’s thesis therefore
represents first-of-its-kind analysis of real SGiementation impacts. Author’s goals for his
thesis are as follows:

« Description of Main Aspects of Energy Branch As a basis for research the author has
conducted description of today’s energy branch stimain aspects. Smart grid in this point
of view constitutes one representative of smatirietogy applicable into the energy branch.

e Description of Today's Theoretic Framework for ST @ncept Implementation. For the
deep analysis of SG implementation the author cotedudescription of state of the art of
smart technologies implemented into the energy diraas well as the financing methods
applicable for research and development (R&D) ahdhiplementation.

e Formulation of Systematic Description of Energy Braich. The Author’s analysis is based
on the application of systematic approach. Energgndh represents system with its
infrastructure of market participants and intew@inections between them. In addition to that
any structural change would provoke a feedback.rSgréd represents subsystem of the
energy branch.

e Formulation of Methodology for Smart Grid Impacts Valuation. Formulation of cost
benefit analysis of SG implementation is one ofatis results. This result originates in
application of analysis based on the systematicosgp.

* ldentification of Real Impacts of SG Implementation Author has identified lots of
consequences originating in SG implementation. &ltesisequences are highly applicable for
future development of business for commercial mapketicipants.

* Author’s Hypothesis. Author’s hypothesis is that implementation of sngitls concept
would influence energy branch as a system; all etgplrticipants and relationships between
them as well.

3. WORKING METHODS

The energy branch (EB) can be generally seen agstens transforming of inputs
originating in its environment. The outputs represesults of transformation process in the
system. The transformation process is moreoveuentting the inputs by the feedback [1],
[2]. This fact represents first resolution approalthmore detailed resolution each system
consists of its sub-systems, creating its structliteese sub-systems have its inputs and
outputs as well. Method of author’s research itesyatic analysis of EB. Smart technologies
(ST) and in more detailed view smart grids (SG) dassified as a subsystem of the whole
EB. Author utilizes the analysis to investigate #teicture of the sub-system as well as the
relationships between elements creating it. Thetimeed sub-systems, presented in EB are



investigated using method of analogy between @xjssub-systems and future sub-system,
mostly smart grids. The systematic analysis pravigdevant description of today’s energy
branch. In the way of more detailed descriptiondeelefor case studies author of this thesis
applied deduction process.

Systematic Approach to Energy Industry

The attributes of system application is based @symnption that each impact (regardless
of the fact that influences directly the customepther participant) represents finally benefit
or cost for customer and to its social welfare (3WIFis idea is based on the fact that the
customer is the final market participant who paysrot only market, but also regulated part
of electricity price. Moreover electricity price tems to all other goods and services cost-
calculations and influence their market prices.réhae internal mutual connections between
the particular subjects in the power industry. Thkisucture is valid under simplified
presumption that it is isolated entity. Via somedeexal connections (let it in general call
motivation), the financial and electricity flowsside of the electricity market are influenced.

Energy Industry as a System

During research author of this thesis reveals nmpbrtant aspect of ST implementation.
This implementation exhibit attributes of systenplagation. Situation in the power industry
differs from lots of other industries. It is mostigused by duality of this industry represented
on the one hand by regulated and on the other Ihgntberalized part. Therefore final
electricity price for customers consists from twartp. One part is set by competition on
liberalized market; the second part as a majofithe price is set by regulation authority.
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Fig 1. System in the second resolution — energy Industry

For the correct methodology the author will suppthee Customer to be final investor of
all ST system and related costs as well as fidestolder of such implementation.



Economic Effectiveness

Before direct discussion about SWF the economiectffeness criterion shall be defined.
The economical effectiveness expresses basic duhtgaf some investment [3]. In the most
trivial case it represents calculation (balancdubfire costsCost(t) and benefitB(t)) with
regard to the time value of money by net preseltev@NPV) method.

T CF
NPV = L
2 er)

where NPV is net present value of some investment, CF; is cash flow in some year t, r
is discount (time value of money) and T is lifetime of particular investment.

(1)

Refer to equation (1) the futur€F is the most important aspect of the economic
effectiveness. Therefore calculation of fut@e represents the most important aspect of SG
implementation. Such calculation would be utilizedy by correct estimation of future cash
costsCost(t) and benefit8(t) regarding the evolution and liberalization tdatricity market.

General Principles for Economic Motivation

It is pretty obvious that each rational market ipgyant behaves in the way of its utility
augmentation. It is much more serious question whbast utility for some market participant
mean. Ultimate utility can according to author meanything according particular market
participant willingness. Therefore the analysis tmesich real basis of utility which is the
only correct manageable criterion and the firstseanf system development. Ultimate utilities
of legal persons differ from ultimate utilities jpiiysical persons.

Physical Persons Motivation — Social Welfare

The change of social welfare (SWF) from costumpogt of view can be expressed by
equation (2). According to [4] the aggregate NPY dostomers can influence the change of
SWEF. The relation depends on customers NPV chdmagjesmas chosen by the author of this
thesis as criterion for SWF evaluation. Therefalatron in equation (2) represents only the
pure cash benefit for customers.

ASWF :g(NPVCUS)k =i[i (B (t)-Cos, (t))j , @)

k=1\ t=0 (1"' r)t

where 4SWF is change of social welfare, NPVcys is net present value of benefits
brought by SG implementation during its lifetime T to the customers, B; is benefit of SG
implementation in the year t to the customers, Cost; are costs of SG.

Advanced Metering Management (AMM)

It is obvious that management of local consumptisnmost important aspect of
decentralized power industry. SG concept in theesame is supposed to bring large savings
by the means of AMM. According to author’s opiniappropriate price management will
represent the only way how to motivate consumdretioave (and manage his consumption)
according to needs of the grid. It is not admissitd constrained consumers in their free
consumption behavior by ordering when and how malgctricity are they allowed to
consume. Therefore in this thesis the price managem proposed to serve as an appropriate
method of demand management in the decentralizedmpadustry.

Free-Market Legal Persons Motivation

The behavior of legal person’s free-market paréinig is according to author driven by
market value added (MVA) maximization, because o&nagement motivation. This
maximization is according to author set by follogrequations.



Regulated-Market Legal Persons Motivation

Regulated market participants can reach only réggdilaarnings. Mostly the real value of
regulated earnings is set by particular per cemwdsted capital. The regulation is performed
by regulation authority. In case of Czech Reputhle regulation authority uses methodology
of revenue-cap. The regulation of e.g. distributBystem operator (DSO) is set by exact
methodology of earnings regulation [5].

4, RESULTS

RES-E are components of decentral EIS as well asd@®Gept. Considering the mentioned
growing share of RES-E we logically come to theatasion that growing percentage of
generation becomes an independent variable, tageilie an increasing share of these non-
manageable resources involved in the grid. Moredtsgye RES-E installations are mostly
concerned to some areas with suitable weather wonsli Transporting capacity is in the
same time strictly limited by physical conditiofiiis could result in congestion occurrence.
Only G managanift) can be utilized as decentral ancillary serviceA§ From long term
strategic grid planning point of view the real ocemce of bottleneck depends on N-1
criterion fulfilment as it is described in [6]. €hinterruption of N-1 criterion can cause the
virtual bottleneck. Overload of this bottleneckuis not in blackout, but in interruption of N-
1 criterion which massively jeopardizes grid st&épih case of some additional not favorable
event occurrence.
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Fig 2. Local electrical grid is element of global grid aested by congestion.

Local grid for each customer differs. It is dividébm global grid by nearest local
congestion (LC).

C * (t) = Gnon—manageable (t) + G * manageable (t) + GG (t) - L(t) ! (3)
Gs(t)sLCC (4)

where C(t) is maximal electricity consumption in some local grid, Gg(t) is available
generation capacity in global grid, Gnon-managabie(t) IS generation in non-manageable
local resources, G* ranagabie(t) represents generation in manageable local resources, L(t)
arelossesin local grid and LCC islocal congestion capacity (regarding N-1 criterion).
Operand * (star) markstime variable in real grid which can be managed by local AMM
/ AMI devices.

Bottleneck is caused by insufficient conductor catyaaccording to [5]. This fact as well
as exact value dfCC is set by physical conditions (according to cordiscdimensioning



methodology [5]). The following analysis was contgdutcregarding presumption of demand
side management. Each case represents only onmgiarachange. Real situation will be
accompanied by coincidence of more cases of giictson.

Local grid consumption surplus
In case local consumption intends to transgresmstgaquation (4) the grid stability 3(t)
growth can be ensured as follows:
Critical point is LCC transgress.

- Local generatior* manageanid) increase. This possibility can be used only talo
areas where manageable resources e.g. micro carioerae and power (CHP) are
presented. Such generation devices shall be thereéguipped by AMI
management — smart trading system (STS).

— ConsumptionC*(t) decrease. The prices in local grid in that casmodples from
global ones. Price increase must at any time ensuffcient consumption
decrease.

Existence of local congestion capacityCC) would cause price decouplingR) between
local and global grid. Shown increment of consuelectricity price shall secure stability of
the grid, because local consumption will be chanfyeth first stabilized stat€yo to Qg1
which is maximal volume of electricity that can tensumed without jeopardizing of grid
stability.

Qa represents avoided amount of electricity that wochuse overload without AMM
management. The dashed part of local supply cusveut by AMI. Electricity price is
changed by the market froRy (Pso = Ro) price level toP; (Ps1 = R1) price level in both
local and global grid. Price lev#l, is managed by the means of AMI and occurs only in
local grid to secure grid stabiliti?s is price in global grid.

Local grid generation surplus
LCC can be also transgressed by local generaBaa,managabidt). In that case for grid
stability there are following possibilities:
Critical point is production in local non-manageable resources impossible to export via LCC.
— Local generatiors* nanageankd) decrease. This possibility can be used onlpadal
areas where manageable micro generation is presedteh generation devices
shall be therefore equipped by AMM management dsageonsumers.

— ConsumptionC*(t) increase. The prices in local grid in that caseodiples from
global ones. Price decrease must at any time ersuffecient consumption
increase.

As it is shown on Fig 2, existence b€C would cause price decouplingR) between
local and global grid. Shown descent of consumexctetity price will secure stability of the
grid, because local consumption will be changethffiost stabilized stat€yo to Qg1 which is
minimal volume of electricity that can be consunweithout jeopardizing of grid stability.
The dashed parts of local supply curve are cut MMA Price levelP,, is managed by the
means of AMM and occurs only in local grid to sexgrid stability.



Global grid generation surplus
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Fig 1. (on the left side) Local Grid Consumption Surplus

Fig 2. (on the right side) Local Grid Generation Surplus

Another case is represented by situation when gadbility intends to be violated by
insufficient consumption in global grid. For grithbility there are following possibilities:
Critical point is LCC transgress in combination with global grid ancillary services capacity.

— Global grid generation shall be decreased. Thipomse could be done by
ancillary services descent or by management ofuress (not only ancillary
ones) equipped by AMM. Author deal with presumptibat ancillary services
will not have to be equipped by AMM because they rmanaged by the needs of
grid (by dispatching) according to the contractthwiSO.

— ConsumptionC*(t) in local grid can increase only to the limit bgtequation (4)
to avoid overload olL.CC capacity. Other local grids have also if€C. The
maximal regulation potential is therefore set bysaf all congestion capacities of
local grids. Additional increment of consumption emhall LCC is used shall
happen in other parts of global grid. This impliesrease of global price.

As it is shown on Fig 3 below, existenceldfC would cause price decoupling between
local and global grid. Shown decoupling of consuelectricity price will stop the growing
volume of electricity consumption on lev@}; which is maximal volume of electricity that
can be consumed without jeopardizing of grid stigbib consume at least local production
and not to overloatdCC.
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Electricity price is changed by the market fr@nprice level taP; price level in both local
and global grid. Price levéls, occurs only in global grid.

Global grid consumption surplus

In that case all manageable resources will havectease its generation.
Critical point is production in local non-manageable resources impossible to export via LCC.
— Decentralized micro generation shall increase. Lifer maximal possible
regulation from (decentralized micro generatiorotgses) is set by localCC. In
other words sum dfCC of all local grids set again the maximal regulatemergy
provided by decentralized manageable micro gemgratgsources equipped by
AMM (not their aggregate capacity).

- In the same time resources connected to globalegpdpped by AMM devices
shall be forced to increase their generation atagehncillary services.
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Electricity price is changed by the market fr@nprice level taP; price level in both local
and global grid. Price lev@s, occurs only in global grid and by the means of AMM not
occur in the local grid to secure grid stability.

Cost — Benefit Analysis
Capital Expenditures (CAPEX) Inputs into SG System

These investment and other costs occurring in tbgnining of decentralized power
industry (DPI) and SG operation have mostly captedracter. Therefore they can be called
CAPEX costs. These costs as system inputs areytigidgited from SG benefits as outputs.
Therefore appropriate way of financing method shalemployed for that.

— Threshold investment into SG infrastructlye



— Interim investment into state of the art mainteraotSG systen
— Financing capital costs that originate from sel@cteethods of financin@pent

— Costs into establishment of marketing communicatiand market share
POSSESSIORy

Operating Expenditures (OPEX) Inputs into SG System

These costs occurring mostly during operation oflAMve mostly operating character.
These costs as system inputs are not timely sHifteal SG benefits as outputs.
— AMI communication cost€aw

— Operating costs of AMM devic&3op

Benefit Outputs from SG System

— Benefits of increased price of energy producedESHEBres.£
— Decrease of necessary amount of grid regulationcsBrec

- Benefit of various consumption monitoriBgegration

— Benefit of cross-border monitoririjonitor

— Implementation of brand new intraday price chansart tariffs) that would
motivate the customer to move consumption (e.g. asheinresponse, load
Shiﬂing)- BMarket

— Avoidance part of future investment cost into traission and distribution grid
infrastructure, necessary without SG concBpt.p/rso

— Benefit of accumulation utilizatioBacc
— Benefit of illegal consumption avoidanBg
Optional outputs from SG System

Some outputs represent optional future benefitvitluation depends on future market
conditions. Today it can be evaluated by pricehefdption..
— Benefit of electromobility utilizatioByos

— Benefit of mutual concurrence between various gneognmoditie Beoncurrence
Smart Tariff Formulation

The smart tariff will motivate the customer on tbee hand for energy (and capital)
savings in the way of SWF maximization and on thileepohand to shift the consumption in
the way of grid stability. According to author’s injpn smart tariff will be based on
combination of two basis, availability and pricéraday development. Availability is based
on possibility of appliance demand response. Maalalgeconsumption represents value of
possible ancillary services as well as potentiadusitomer savings. Structure of price changes
represents motivation for customer demand respassell as customer financial savings.

5. CONCLUSION

Description of Main Aspects of Energy Branch

The main feature of electricity is higher usabilihan other forms. The main physical
aspect is unstorability of electricity. Therefohete is the necessity of massive investments
into the grid stabilization. This fact influenced.iregulation of EB and thus infrastructure of
market participants. The main structural aspetiesfact that EB is in fact divided into two
parts, liberalized and regulated. This fact inficesh price structure as well as relationship



between particular market participants. The impletaggon of any ST in fully liberalized part
of energy branch should subordinate this new teloigyaunder market optimization. The risk
is connected with the fact that liberalized capi@| tries to avoid the capital-intensive
technologies with long construction and life timesd prefer capital less intensive
investments.

Description of Today’s Theoretic Framework for ST @ncept Implementation

The massive structural change has recently takaceph the EB. It was motivated by
liberalization of energy branch and the second @speprevailing opinion that global climate
change is influenced mostly by human activitiese Bapport of energy produced in RES-E
(as a regulation) was applied and it influencedsygtem of EB massively. As a feedback it
influenced market participants not only in regulapart but also in liberalized part of EB,
because it results in massive decrease of elaégtpdce on the market (not for customers).

Formulation of Systematic Description of Energy Brach

The author utilizes systematic analysis for desionp of EB system relations. The
feedback is identified as a crucial aspect of ®itaystem behavior and possibility of its
management. Free market optimizes in the real tiBectors with large inertia (long
construction times and tricky sub-contractor chamesessary for construction) cannot be
flexible for rapid market changes. The most impartact that author identifies is, that this
system has its specific feedback, influencing aghm inputs. As a criterion for system
development the social welfare of market participavas chosen by the author. This criterion
motivates market participants for some specificavadr.

Author expresses opinion that appropriate prinsigé motivation represent instrument
applicable for system management. Incentive stiedefpr system regulation manifesting
aspects of the future system development can badaa only by the qualified legislation.
Bad legislative regulation can cause on the othedSWF descent.

Formulation of Methodology for Smart Grid Impacts Valuation

Future development of SG concept will be reinfortgddevelopment of AMI devices,
conducted together with growing share of distriduRES-E and PHEV. According to
author’s research this fact can result in risk axfal grid overweighting. The real time
measurement of electricity flow will moreover erabbdal structure of electricity price level.
When local consumption of electricity or generatadrelectricity in intermittent distributed
resources grows, the pressure for local transmmssdaditions of the grid grows as well. The
fact of intermittence makes this situation moreowarse. The above mentioned findings
(previously published by the author in [8] and )1@kre by the author analyzed by the means
of described systematic analysis. Potential nottacsire of electricity price influences the
future economic effectiveness of SG concept malsitPeesence of AMM / AMI elements in
the grid should logically results in establishmehtdata management system, called by the
author data pooling system. Such a system willdo®ring to the author necessary for grid
stability. This fact will eliminate the mentionedsk of grid overloading. It can partly
eliminate problems with land purchase or easements.

Identification of Real Impacts of SG Implementation

Author identified lots of impacts that will repregeopportunity for the future market
participant’s behavior. These findings originate anthor’s systematic analysis of SG
implementation.

e Smart Tariff. The smart tariff is presented as a condition fornecsical and
sustainable development of the presented SG s@nsyshs an important aspect
(output) of SG implementation is according to adthomethodology (previously
published in [7]) occurrence of local prices (cdllsmart local price — SLP). To



determine such SLP, it will be needed to createaadnew kind of market, called by
the author local balancing market (LBM) parallelciorrent global market. Existence
of such market can enableyBe: benefit which represents output form the SG
subsystem as well as important motivation (feedp&ok market participants. This
market will associate more consumers, decentrakRde8-E generators, accumulators
or CHP and last but not least more traders in saictvay which would allow
determination of optimal SLP. Existence of moreilabde traders in local balancing
market complies with generally accepted doctrine libéralization and market
management Third Party Access Platform.

e Compliance of Grid Management One important output of SG concept
implementation would be according to the authothes thesis that the AMM allows
demand management according to the needs of ttiertraherefore there should be
the merger of the needs of trading and distributibine optimally market-oriented
model of smart grid management therefore presureesadd response upon trader
(SLP management) limited by physical condition pded by DSO as a limiting
condition. This fact requires data providing (dawlmg, this concept described and
published in [11]) between market participants arh be in contradiction with
unbundling. The mentioned facts would require thyerapriate legislation change.

» Data Energy Coupling (DEC) and System of Datapoolim The concept that will as
a feedback from SG implementation emerge is cddiethe author datapooling. This
concept would provide necessary data for marketggaants and it is obvious that it
represents direct impact of SG concept implemematiPotential way of
communication - the data energy coupling (DEC) woaafter implementation of SG
represent opportunity for energy utilities to spre¢heir commercial activities to the
area of data transport because communication claforeelevant AMM data would
require related infrastructure.

* Local TPA. As it was many times mentioned above, the deakrdtion of energy
branch connected with SG concept would accent lomadlitions in the grids. Access
to the grid as well as to the market would neebdealecentralized as well. The author
called this concept local TPA and it representdofahg impact of SG concept
implementation. Each market participant should raf8G implementation has
opportunity to access and behave in the markefophatto utilize potential benefits
described above. Particular condition for behawitirbe set by local conditions in the
grid and by behavior of other local consumers. Tieeessary related legislation
should be discussed in the future in more detail.

Author’s Hypothesis

As it is obvious from the goals reached in thisstbethe influence of SG implementation
on EB will be massive. It would change status ofrket participants as elements of EB
system. It will establish opportunities and marletrticipants will have to adapt. The
hypothesis “that implementation of smart grids @ptovould influence energy branch as a
system; all market participants and relationshiggwken them as well” is therefore
confirmed. Real examples of such changes will ith éxtend appear after roll out of SG
concept, if it will be forced by the EU. The firgteces of evidence are nevertheless visible
today. European energy utilities are now orientimgustomers with complex services and
not only with electricity supply. These companies massively investing into ICT systems,
telecommunications, electric vehicles promotionaficial services, etc...
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SUMMARY

Autor se ve své praci zabyva problematikou systekeho gistupu k implementaci
moderni techniky a Zyigohi tfizeni do energetiky. #iem svého vyzkumu autor aplikoval
postup systematické analyzy dané problematiky. dgdkem jsou zakladni vlastnosti
sektoru energetiky v s¢asné dob. Podstatou autorovatiptupu je rozéleni nadazeného
systému — sektor energetiky na mensi sub — systéakpvymi sub-systémy jsou i moderni
postupy a technologie, tedy i inteligentni¢siha ¥z se autor podroldji zamétuje. Autor
podtrhuje nutnost popisu transformace vétum vystupy v takovych sub — systémech.
Dulezitym aspektem je ipdevSim existence &mé vazby, kterda méa Zmy vliv na
transformaci vstujp V autoro¥ pohledu je navic moZnotipadné ovlivini zptné vazby
vnimat jako moznost ovli\ovat vlastnosti sub — systému a motivovat jednétélementy (v
autorow pojeti &astniky trhu). Zakladni premisou ovSerfegto Zistava nutnost popisu
dusledka jakéhokoliv vigjSiho zasahu.

Autor si vytyil nékolik cila, kterych v pébéhu vyzkumu docilil. Z&arove autor
formuloval hypotézu, Ze implementace inteligentng&iti ovlivni cely sektor energetiky,
stejreé jako vSechny &astniky trhu. Zasadni vliv inteligentnich siti n@loei energetiku je
dokumentovan prav dosazenymi cili. Autor ve své praci formuloval odiku pistupu
k hodnoceni dsledka zavaéni inteligentnich siti, vychazejici z porovnani bucich naklatl
a vynosi pro jednotlivé dastniky trhu. Konkrétnéiselné zhodnoceni v stasnosti ovSem
neni mozné pro zjevnou nedostupnostegmtych dat.

Autor dale pedpovida w#které disledky a moZznosti pro ¢astniky trhu, plynouci
z piéipadné implementace inteligentnich sitild¥itou moZnosti, ktera se otewro @astniky
trhu, je moZzZnost zavedeni novych tarifkteré by motivovaly spégbitele kéasow
diferencované spieb: tak, aby pisluSny obchodnik dosahl vyrovnané bilancélelity je
piedpoklad neomezovani uzitku sfedtitele spolén¢ s nutnosti udrzeni fyzické stability &it
DalSim dilezitym identifikovanym faktem je moZnost zavedepble&né sluzby dodavky
energie a zprogdkovani penosu dat. Roz&ni konceptu inteligentnich siti by totiz s sebou
piineslo vhodné komunikai kandly. \&tSi mira sdileni dat je pak vniména jako nutné pro
optimalni obchodni motivaci zakaziika sodasného udrzeni nutné stabilityésit

VySe popsana fakta znamenaji zdsadnérmmpostaveni jednotlivych¢astniki trhu na
jedné straé a moznost komplexisich sluzeb spojenych s dodavkou elektrické erengi
straré druhé. Neni fitom bez zajimavosti, Ze podobné&avani Ize v posledni débvycist
z chovani mnohych energetickych firen€R i Némecku. Zavedeni inteligentnich siti by pak
logicky doprovazelo postupnou Upravu&ovani tchto spolénosti.



