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ENERGY MANAGEMENT IN INDUSTRIAL MICROGRID
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UPRAVLJIANJE ENERGIJOM U INDUSTRIJSKIM
MIKROMREZAMA U TRZISNIM UVJETIMA
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Abstract: The paper deals with the problems of Energy Management in industrial plants through the prism of new opportunities created
by introducing the electricity market and the new concept of Smart Grid. The Introduction gives an emphasis to the importance of elec-
trical power generation in Industrial environment. In continuation of the article, an overview of the properties of industrial microgrid as a
unique entity of the energy in a power system is given. The third chapter shares an overview of the electricity market as an introduction
to the analysis of the energy management possibilities in industry. The analysis of the concept of energy management with emphasis on
application in industrial environments is presented in the fourth chapter. Special attention is given to Electricity Demand Management and
the selection of appropriate strategies for Energy Management in the industrial plants.
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Sazetak: U radu je obradena problematika upravljanja energijom u industrijskim postrojenjima u svjetlu novih prilika nastalih uvodenjem
trziSta elektricne energije, te novog koncepta naprednih mreza. Uvod daje naglasak na vaznost elektriéne energije u industrijskoj proiz-
vodnii. U nastavku je dan pregled svojstava industrijske mikromreZze kao zasebnog energetskog entiteta u elektroenergetskom sustavu. U
trecem poglavlju napravljen je pregled trZiSta elektricnom energijom kao uvod u razmatranje mogucnosti upravljanja energijom u indus-
triji. RaS€lamba pojma upravljanja energijom s naglaskom na primjeni u industrijskom okruZenju dana je u ¢etvrtom poglavlju. Posebna
pozornost u radu je dana upravljanju potraznjom za elektricnom energijom, te odabiru adekvatne strategije za upravljanje energijom u

industrijskom postrojenju.

Kljucne rijeéi: upravljanje energijom, trZiSte elektricne energije, industrijske mikro mreze

INTRODUCTION

Planning the use of energy for the industrial needs gains
an additional dimension through development of free en-
ergy market. It is seen through new opportunities, but
also new risks. Energy management can be defined as
the group of activities related to procurement, supply from
the market, i.e. managing of own generation resources
and load management. Supply with electricity (buying at
the market or generation in own facilities) for the needs of
industrial production has a different framework of imple-
mentation in comparison to service sectors. Seen from
the viewpoint of energy consumption, industrial environ-
ment differs from the public sector mainly in the following:
- large number of different forms of energy,

- demands for quality (reliability of supply)’,

- added value (energy is raw material with a large added

value in relation to the market).

"These demands are frequently higher than the level of quality offered
by a public supplier.
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When we talking about the added value of energy in in-
dustry, the most important concept is the quality of en-
ergy. Industrial facilities are often equipped with own
systems for generation of useful energy forms due to the
fact that the demands for increased quality of energy are
sometimes not possible to be satisfied from the grid of
the public supply, i.e. distribution grid. Energy needs of a
technological process are most frequently heat (cooling or
heating) or mechanical work.

Thermal processes are the most frequently used forms to
transfer a primary form of energy into mechanical work
or electricity. Due to the very nature of thermal engines,
only some 20% to 50% of primary energy can be utilised,
while the remains are emitted into the environment. If,
nonetheless, two different forms of energy (heat, electric-
ity) are simultaneously used from the same process, then
we talk about co-generation. Industrial environment is a
good example of application of co-generation. In addition
to a more efficient utilisation of primary energy source,
the industry is a good environment for implementation of
the use of energy source in the remains of the industrial
production. This utilisation of the available energy, should
it be economically justified, yields a significant benefit,
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which gains its importance only in market conditions. De-
velopment of the market of energy sources brings new
challenges and risks before the process of planning en-
ergy sources in industry. Optimisation of energy resources
in industrial environment and managing production up to
a certain level can provide for management of the given
risks.

1. INDUSTRIAL MICROGRIDS

Independent energy source entities named industrial
microgrids emerge in industrial environments from the
application of advanced methods of networking of elec-
tric-power and information-communication technologies
(advanced networks, [1]). Basic scheme of (industrial) mi-
crogrid is given in Figure 1.

Possible benefits from introduction of industrial microgrids

are the following:

- savings due to local generation of heath,

- energy utilisation of leftovers from the process, such
as:

e waste heat from drying processes,

* heath emerging in exothermic reactions,

e mechanic energy available for relaxation of com-
pressed medium, as a part of technological pro-
cess,

e  material leftovers from processes (e.g. gasses
rich with hydrogen, being by-product from sugar
refinery, dry matter from wood or other herbal
matter processing),
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Figure 1: Basic scheme of a microgrid

- savings from non-engagement of labour force,

- savings from avoiding spending of reactive energy,

- possibilities to manage consumption (,Demand Side
Management” - DSM)?,

- decrease of costs of the emission by use of renew-
able sources and storing of energy.

When creating microgrids, one should primarily have in
mind the specificities of an industrial environment, such
as [2]:

- facilities are often located in rural areas,

- they are frequently connected to a weak distribution
grid,

- they have a large, but predictable energy consump-
tion,

- large demands for availability and quality of supply,

- relatively small number of manageable energy users,

Furthermore, when analysing the possible implementation
of the concept of advance networks, the following facts
need to be taken into consideration:

- making profit from sale of products or product-relat-
ed services is a primary mission,

- owners of industrial facilities are not primarily interest-
ed in doing business in the energy sector,

- energy supply is subordinated to process technolo-
ay,

- electricity is only one of the resources used for the
needs of production (often the non-dominating one),

- energy in industrial facilities are an integral part of the
future product, i.e. energy presents raw material,

- industrial facilities are large consumers of labour and
reactive energy with low load factor (P, /P_),

- quality of electricity and safety of supply are the key
demands for industrial microgrid,

- system of management of industrial microgrid is sub-
ordinated to at least two management systems: sys-
tem of management of industrial facility and system
of management of distribution grid (DMS),

- optimising the architecture and work of an industrial
microgrid is a multi-criteria, stochastic problem.

N

. ELECTRICITY MARKET - SOME ASPECTS OF KEY
IMPORTANCE FOR INDUSTRY

Fundamental premise at the energy market is that the
electricity is the good for trading at a specific time. None-
theless, electricity is an “easily perishable” good which
has to be delivered at a precise time, otherwise it loses
its value, and, moreover, it creates damages. Maintaining
balance between generation (distribution) and consump-

2 This is one of important components of advanced networks,
which is increasingly applicable in industrial environments [3];
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tion is important for delivery of this type of goods. Market
mechanism are useful because they inherently encourage
the flow of capital, decrease of prices and development of
competition, which is beyond the obsolete monopolistic
mechanisms. Still, market mechanisms are like fire: if they
are subjected to adequate control, they bring profit; other-
wise they can cause more damage. Market mechanisms
cannot ensure physical stability and balance. Technical
and regulatory mechanisms have that task.

Observing the electricity market through the prism of trad-
ing, the following particularities need to be emphasised:

- trade is done with goods for which origin and quality
cannot be determined at the time of trade,

- trade is actually done with the commitments to de-
liver and receive,

- there is no refund, but the financial system of settling
the claims is precisely developed,

- time constant of market mechanism is longer than
the time constant of a physical system.

Electricity market is made by a few compatible, mutual-
ly supporting markets, since the complexity of electric-
ity supply cannot be covered by one market; there are
service trade, corrective balancing of markets, long-term
energy markets.

As a precondition to introduction of electricity market,
traditionally vertically organised companies, as the sole
bearers of all activities in generation, transmission, distri-
bution and supply of power, had to separate market from
monopolistic activities. We differentiate two platforms
for electricity trade in the Republic of Croatia: service of
public supply of tariff buyers, and free electricity market
(wholesale and retail). Functions of transmission, distribu-
tion and supply of tariff buyers are regulated activities,
while generation, trade and supply of privileged buyers
are market activities.

Electricity market in the Republic of Croatia was made ful-
ly open on the 1st of July 2008, meaning that, since that
date, all buyers have the legal right to choose their own
electricity provider. Turning point in opening of the market
is when the buyers have the right to freely select the sup-
plier to purchase electricity from. Bilateral market model
was chosen in the Republic of Croatia. Such a model lies
at electricity supply contracts (by which the buyers buy
electricity from suppliers) and sale contract by which the
buyers and distributors buy electricity from producers or
traders.

In addition to the above contracts, producers and buyers
must contract the right to use of grid infrastructure used
for the electricity to enter the system or to be taken from
it. Grid infrastructure is a natural monopoly and the activ-
ity of conduction through distribution system is regulated
by a rulebook, while the costs of the use of the grid are
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publicly known. Since 2015, electricity exchange market
was founded in the Republic of Croatia, CROPEX, where
the service of anonymous trading is provided between the
market members through information system. Trading of
electricity is regulated by Market Rules [4] and the Law on
Electricity Market [5].

2.1. Participants and types of electricity markets

Participants of the electricity market, i.e. those who trade
directly at the wholesale market, are the following: pro-
ducers, traders, distributors, system operators and elec-
tricity exchange market. In addition to the wholesale mar-
ket, there is retail market with participation of distributors
and buyers. The freedom to choose a distributor is the
most important (and currently the only) act of participation
at the free market. Depending on a distributor and cate-
gory to which they belong, the majority of buyers does
not feel the variation of prices on daily basis. The price
paid by the end buyers is defined through the contract
in an obvious manner. A two-tariff system is applied in
the Republic of Croatia. The overall risk of price change
is borne by the distributor. Large buyers can participate
at the wholesale market directly, but only if they are regis-
tered as distributors.

Due to its characteristics, the overall electricity trade can
be divided into two groups: forward market and real time
market. Forward markets are characterised by trading
with time slots for delivery, or takeover in the future. Trad-
ing is done with commitments emerging in the future, af-
ter the day of purchase. Trading can be long-term, from
several days, weeks or months in advance, or just a day
in advance. Each day of trading is called the trading day,
and trade is done with deliveries in certain time intervals

(15-minute multiple events) on a precisely defined day

(day of delivery). There are two ways of trading at the

forward markets:

- Centralised trading done through a mediating,
neutral institution, which facilitates joining of demand
and supply. The most frequent form of it is the elec-
tricity stock exchange market trading. Members of
the stock exchange (market participants) are trading
at the market, after they have made a contract with
the exchange about the conditions of trade. Sellers
bid (sell) amounts of electricity for which they guar-
antee to be supplied to Power Electric System at the
given time interval, (e.g. 150,000 kWh in the period
from 10:15 to 10:30 on the 31st of May) at a given
price. The price of electricity being bided depends
on the costs of fuel, facility, maintenance and depre-
ciation. Competitiveness leads to bidding of lower
prices coming close to the marginal costs of produc-
tion. The price at the centralised market is the price
calculated as a section of a supply curve (border of
acceptable maximum price at which the buyer is pre-
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pared to buy a certain amount of energy), and curve
of demand (border of acceptable minimum price by
which the seller is prepared to sell electricity).

- Bilateral trading understands direct entering into
sale contract between a seller and a buyer. Trading
is done without a mediator and the price presents a
business secret. This method is favourable for a long-
term and mid-term trading, when large amounts of
electricity are being traded (or commitments for sup-
ply). Supply of base load is mostly traded using the
given market mechanisms.

Real time trading (Spot market) is the closest form of
true market of electricity as goods®. Delivery follows im-
mediately after the agreement on sale. Having in mind the
character of electricity, spot market would be the closest
form to the current market. Time constant of the market is
limited by the technology of communication. By its nature,
real time trading is a corrective market used for balancing
between a real demand and planned supply (which have
to be precise). Deviations occur due to various reasons.
System operator must react to stimulus received from the
system (e.g. announcement that a participant will not be
able to fulfil the plan, sudden failures) in a way to obtain a
certain amount of energy in a short period of time. There-
fore, this market is a discriminatory one for those technol-
ogies that cannot react promptly (therefore, they are not
present at this market). Spot market is characterised by
large variations of prices which keep up with the majority
of deviations to an extent.

There is no spot market as such in the Republic of Croa-
tia. The system operator (OS) is responsible for balancing
and they purchase energy for balancing through contract-
ing of auxiliary services: one buyer (HOPS d.0.0.) and one
seller (HEP Proizvodnja d.0.0.). Purchase of auxiliary ser-
vice is a forward purchase more than real time purchase
and cannot be seen as free market because there is not
enough of competition present. Namely, the OS contracts
the readiness of a producer for secondary or tertiary P/f
regulation. Should there be a need, the OS to directly
send automated or manual order for activation of reserve.
Development of competition will lead to organisation of
auxiliary services market where it will be possible to imple-
ment purchase of balancing energy. Balancing can also
be implemented by purchase at specialised, open balanc-
ing market based on the same principles as those at the
forward market. Such a market is named controlled spot
market. Further development of the market can lead to
emergence of efficient spot market where the participants
of the market will be able to purchase energy they lack for
fulfilment of their plans, by which they will avoid payment
of large penalties for failed supply.

8 True market would be the one where an agreement of supply
would be made at the time of imbalance emerging, followed by
the supply at the same time.
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3. ENERGY MANAGEMENT IN THE INDUSTRY

Energy management in the industry is efficient, econom-
ical and sustainable use of energy for the purpose of in-
dustrial processes. Strategies for energy management
in the industry have been developing in parallel with in-
troduction of electricity and other energy source markets
and development of Smart Grids. Energy management in
the industry equally motivates both supply and consump-
tion (of industrial facility, as a consumer).

From the position of PES, industrial consumers are rel-
atively large individual and concentrated consumers of
electricity and their impact to the PES stability is signifi-
cant. On the other hand, consumption of electricity is a
key component in a large number of industrial entities
(e.g. production of paper and cellulose [6]). From the po-
sition of System Operator, energy management at the
place of consumption (managing demand for electricity)
provides an additional method for balancing between pro-
duction and consumption of electricity. Traditional strat-
egy of maintaining balance through adjusting produc-
tion to consumption is expanded by a new paradigm of
“adjusting consumption to production” (resulting from the
overall evolution of PES). Possibility to impact the profile
of consumption without disruption to the targeted effect
(profitability from main activity) and making an additional
profit in addition to it, is an attractive possibility for users
of industrial facilities. Both aspects of the use of electricity
in industry justify a rather large importance for implemen-
tation of energy management measures.

Having in mind the method of supply (from the public
supply system, market purchase or own production), or
the way of use, energy management in the industry can
be viewed from two aspects: supply management (SM)
and demand side management (DSM).

The link between the two terms can be seen in Figure 2.
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Figure 2: Energy management in industrial microgrid

Briefly: demand side management is related to consump-
tion and supply management is related to production or
procurement of energy. The problem of energy manage-
ment is an optimising problem with stochastic variables
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made out of several problems: problem of investment de-
cision-making, problem of optimum size of facility, prob-
lem of optimum work strategy.

3.1. Supply management

Supply management understands management of energy
procurement processes at the open market, production
in own facilities or direct supply from producers. When
talking about the industry from the aspect of energy sup-
ply, one should always consider multi-vector energy pro-
file of consumption: electricity, thermal energy (in different
forms), mechanical energy, cooling energy, etc.

Supply management can also be seen in the context
of demand management, but the free market of energy
sources opens the new possibilities for its users, so the
process of contracting and procurement of energy com-
bined with own production can additionally increase the
income, i.e. increase the safety of facilities.

Supply management has two aspects:

- market supply understanding participation at the
energy market through:
« selection of suppliers,
« participation at the market as a buyer,
« participation at the service market,

- independent supply understanding production in
own facilities.

Solving a long-term selection of strategy for supply (sup-
plier selection, participation at the energy or service mar-
kets), and short-term operational strategy (nomination
of load power, engagement of own sources), consider-
ing limitation of an industrial facility (order value, dead-
lines, delays, loss of production) generally presents a
multi-criteria, stochastic, optimisation problem. This
paper will not deal with supply management in detail.

3.2. Demand management

The term “demand management” has been used in lit-
erature for almost 40 years and it presents a group of all
measures with the goal to decrease demand for electric-
ity, and by that to decrease the consumption of electric-
ity in the point of use. The term “demand” is equivalent
to the power of load of consumers burdening the PES.
Decreasing the load, or demand, does not necessarily
mean the decrease of the total energy consumption in the
given time frame. The literature uses the term “Demand
Side Management”, (DSM), i.e. managing the demand at
the place of using the electricity. According to [6], DSM
includes many activities with the aim to impact and modify
the way of using electricity in order to form a satisfac-
tory profile for electricity consumption by the end user.
The aim of DSM is to create an appropriate consumption
profile to satisfy the needs of the buyer (not to lessen the
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purpose of use), i.e. to maintain productivity. Similarly, in [7],
DSM is defined as a group of mutually linked flexible pro-
grammes providing a larger role to the end buyer in moving
the demand for electricity in the period of higher load and
the overall decrease of electricity consumption. In [8], it is
simply stated that DSM includes everything that goes on
at the side of electricity consumption: from change of tradi-
tional bulbs with compact, fluorescent lights up to sophis-
ticated dynamic systems for consumption management.

Somewhat different definition of DSM is given in [9] where
the responsibility for DSM is turned to the network op-
erator. Therefore, the reference states that DSM is used
only with the aim to decrease energy consumption and
improve the overall efficiency in electricity consumption
through implementation of different policies and proce-
dures controlling the demand. DSM is usually a task of en-
ergy companies towards decrease or total elimination of
peak load, which delays installation of new capacities and
distribution structures. Usual DSM methods are: com-
bination of high efficiency generation, decrease of peak
load, distribution of peak load and operational procedures
facilitating efficient electricity consumption.

Until recently, DSM was considered as simple decrease
of peak load with users, i.e. levelling of the curve of con-
sumption [6]. Nonetheless, after a while, a wider list of
measures was introduced to the term, including over-
all decrease of consumption. Therefore, it is said that
DSM has two key components: energy efficiency and
demand response (DR).

3.3. Measures of energy efficiency

Application of measures in energy efficiency brings the
fastest results. Devices and appliances are replaced with
same or similar, but more efficient products. Energy con-
sumption is decreased, while effects are the same. Ex-
amples from the industry include:

- boailers - better insulation, better maintenance,

- steam systems - better insulation, maintenance, use
of condensate return, use of energy from waste heat,
better regulation,

- lighting - replacement of traditional lights with fluores-
cent ones, maintaining high reflectivity of the walils,

- electromotive drive - use of more efficient engines,
use of converters of volume and frequency for regu-
lation,

- compressors - use of systems for utilisation of heat,
decreasing temperature of input air, maintenance,

- high-efficiency generation of electricity and heat in
one single cycle - co-generation,

- compensation of reactive energy.
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3.4. Demand response

Demand response is somewhere directly identified with
the consumption management systems (or Load Man-
agement, LM), as given in [9], emphasising similarities
and differences to the mechanism of dynamic response
(Dynamic Demand). According to [9], DR is a mechanism
used to manage demand for electricity with the final user,
as a response to outer stimulus, e.g. price of electricity
on the market. Unlike DR, reacting only to the stimulus
from the network (reaction on the side of user), mecha-
nisms of dynamic response react automatically (based on
installed senses or a direct order). According to [10], [11],
demand response (DR) can be defined as change of way
of using electricity by end users, stepping outside of usual
patterns of consumption, as a response to changes in
price of electricity over time. Furthermore, DR can also be
defined as financial incentives intended to induce reduc-
tion in use of electricity during period of high market price,
or when the reliability of the system is at jeopardy. DR
includes all intended changes in the pattern of electricity
use by the end user.

3.5. Examples of DR programme

There are several different DR programmes in practice.
Programmes are divided into price- and incentive-based
programmes [11]

3.5.1. Tariff programs

Tariff programs are also called models founded on price
system (“Price-based Demand Respond”, PB-DR). This
group of programmes is based on user’s conformation of

the electricity consumption to trends of retail prices at the
electricity market, including:

- Multi-tariff System or Time of Use tariff program,
TOU). Currently, electricity is almost regularly sold at
the retail market through the form of static, multi-tarriff
systems. Tariff are unit price of electricity and services
paid by retail buyers to the service suppliers in a giv-
en time frame. A two-tariff system is common in our
region: lower (night) and higher (daily) tariff. Further-
more, in addition to unit price for energy, tariff system
contains other items, such as fee for engaged power,
reactive power, etc. By use of a multi-tariff system, itis
intended to map a time profile of prices at wholesale
market to the retail market [10]. Considering the pur-
pose or the possibility for metering of consumption,
buyers are offered a range of different sub-choices
of a tariff system with additional conditions (models:
industry, households, etc.). Adjustment of the profile
of buyer consumption, through a long-term planning
of consumption, to the profile of default of selected
tariff system, is the basis of this DR programme.
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Tariff prices profile is static and does not often
change. This is for the protection of the smallest
consumers against market risks. Nonetheless, by
strengthening of the market mechanisms impacts,
some distributors introduce more than two tariffs in
order to, primarily, decrease own risk from variability
of prices and, on the other side, to offer more pos-
sibilities to the clients. The benefits from a multi-tariff
system are specifically visible when combined with
re-distribution of peak load [12].

- Real Time Pricing (RTP) Application of profile of
wholesale prices to the level of retail is a technical-
ly complex but unavoidable method of consumption
metering of electricity for some buyers in the future.
According to this programme, retail prices follow the
variability of prices on the wholesale market. RTP is
also called dynamic tariffs [13]. In this programme,
buyers receive the information on hourly value of
price for a day in advance or an hour in advance, to
be able to adjust their consumption profile. Many will
agree that the application of real tariffs is the most
efficient method of DR programme. Users of RTP
programme are mostly large consumers who have
knowledge and technology to manage consumption
in the dynamic conditions. Nonetheless, implemen-
tation of this programme understands significant in-
vestments into power generation system'’s infrastruc-
ture, including advanced meters [13].

- Critical Peak Pricing (CPP) is a combination of static
(TOU) and dynamic (RTP) tariff model. Namely, CPP
has the same profile as TOU for the major part of the
year, except in the days of extremely high price of elec-
tricity, when dynamic tariffs are applied as shown in
Figure 3 [11].

3.5.2. Incentive programmes

Incentive programmes (,Incentive-based Demand Re-
spond”; IB-DR) are also called reliability-based pro-
grammes (“Reliability-based DR”). IB-DR are those pro-
grammes implemented by network operators with the

TOU — RTP —
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Regular consumtion period

0:00 12:00 24:00 12:00 2440
Regular consumption period

0:00 12:00 24:00 12:00 24i00
High price period of year

Figure 3: TOU, RTP and CPP programmes of DR
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aim to encourage decrease of electricity consumption,
offering the buyer with different financial incentives inde-
pendent from retail prices. This programme involves Con-
tracts where buyer is awarded for implemented measure
of consumption decrease, but also penalised if they fail to
execute their commitments.

The programme is implemented in cases where decrease
of consumption is required because the reliability of sup-
ply was put in jeopardy (tertiary regulation of power), or
when the price on the market is too high. Some of these
methods are described further in text.

- Direct control of consumption is a traditional pro-
gramme of load management organised and imple-
mented by the network operator. For such service
the user of the network receives a certain fee for it
[10], [11]. In this case, the operator has the possibil-
ity and the right to remotely switch off consumption
after a short notice. The programme is mostly imple-
mented to avoid too high peak load to in the events
which could lead to the collapse of the network.
IBDR is almost exclusively contracted with residential
consumers. Industry is not a favourable environment,
becauseuncontrolledlossesofproductionarepossible.

- Reduction of Consumption at Demand Unlike the
previous measures, buyers decrease or switch off
own consumption on their own. Incentive is integrat-
ed in the current tariff as a form of discount or credit,
based on user’s commitment (promise, agreement)
to decrease consumption to the requested value at
request (during a network blockage). Non-compli-
ance with the obligations can lead to financial penali-
sation. This service is also contracted with industrial
consumers.

- Demand Bidding (bidding by the demand reduc-
tion). This programme has a relatively low level of risk
because the buyers voluntarily bid their readiness to
decrease the consumption on the market, for the
next day. If the offer is accepted, the buyer must
comply the offered service or risks penalisation [10].

- Response to emergency demand for decreas-
ing of consumption is a service similar to decreas-
ing of consumption at demand. It is related to de-
crease or to switching off the consumption in the
event of emergency, for the purpose of preventing
network collapse.

- Economic methods motivate end user to decrease
consumption whenever the price of electricity is
high at the spot market [11]. The service is present
at both the energy market, and capacities market
[10]. Namely, decrease in the power of consumption

4 It is important to have in mind that the consumption
management, in this context, is not the same as regu-
lation of power, which is a direct consequence of tech-
nology demands.
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during a defined future period has a market equiva-
lent to increase of available power of generation ca-
pacities. Participants of this programme receive fee
for booking of capacities in advance, or penalties for
not complying with the commitment.

- DR Programme of Ancillary Services. As seen
in the previous chapter, the problem of balancing is
solved either through the system, or through the mar-
ket. In systematic approach, the operator contracts
ancillary services to ensure stability of the facility.
Having in mind that the change of power consump-
tion is faster than the change of power production,
and that they have the same effect to maintenance
of stability, DR can have a significant role in providing
ancillary services (maintaining frequency). Similarly to
production facilities providing ancillary service, the
ancillary services of DR are charged through booking
and for implemented decrease.

3.6. DSM strategy

DSM strategies are measures carried out by the facility
user when managing demand. There are three fundamen-
tal strategies, or approaches of the user on the outer or
inner incentives [10], [14]. The first strategy is to de-
crease consumption during the periods of peak load in
the grid, i.e. during high prices of electricity. This strategy
means the loss of impact, consciously sacrificing a part
of consumption. The literature refers to it as ,Peak shed-
ding” [6] or ,Load shedding”“ [15]. The strategy shown in
Figure 4 is not very common in the industry, except in cas-
es when the profit from the implemented method yields
larger financial effect in comparison to the damages due
to loss of production. Reduction of production rarely goes
without a reduction of performance, thus the list of priori-
ties defines the order of switching off or decreasing power
consumption. Practice knows of purpose-built systems
for demand management?, i.e. consumption power man-
agement in two forms: fast and slow. Fast load manage-
ment (FLM) is used for microgrids when, in the event of a
sudden failure or operation start of the outer protection,
the microgrid moves into insular mode and it is required to
maintain operating function. The second form is slow load

0:00 24:00

New Demand Profile Peek Demand Period

Figure 4: Decreasing peak consumption
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management (SLM), used for decrease of peak load. This
strategy includes the applied energy efficiency.

Strategy of decreasing peak production can be used
without negative impact to the overall effect, in a way that
during high tariffs the power of consumption is decreased,
and during low tariffs the consumption is increased over
the nominal, in order to “compensate” for the missed
performance (amount of efficient work). Such change in
dynamics frequently understands existing of power stor-
age to store excess of production or to compensate for
production.

The second strategy is redistribution of consumption
outside of the high tariff period (peak consumption) into
the period of low tariff, but without impacting the summa-
ry effect, wherever possible. This strategy is specifically
discussed and applied in industry only to the part of pro-
cesses implemented independently one from another, i.e.
they are insensitive to the defined time of implementation.
The literature refers to it as ,Peak shaving [6], or ,Load
shifting“[7], [15], Figure 5.

"‘iim‘ﬁiiii”"llllu"’

E1=E1+E3

0:00

Peekl Demand Period

New Demand Profile

Figure 5: Redistribution of peak consumption

The third strategy is own generation of electricity during
the period of high tariffs. This strategy is specifically in-
teresting for industry. Conventional fuel, such as gas or
diesel fuel, are used for generation, along with non-con-
ventional fuels, such as sun energy, wind energy, biogas,
biomass or waste emerging from the production process
[15]. More about this has been explained in the chapter
on management of sources. This category surely includes
own power generation, such as given in Figure 6.

1
0:00

— - Total Demand
—— Network supply

Own production
Peek Demand Period

Figure 6: Own power generation.
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3.6.1. Selection of strategy for demand management
and load management in industry

Under the strategy for demand management we under-
stand a group of measures used by the industrial facility
user in order to keep the power of consumption at opti-
mum level. The selection of measures is under the influ-
ence of the type of facility in the first place. As given in
the previous chapter, there are three primary strategies:
decrease the power of consumption, redistribute peak
load during the period of lower tariff and own generation.
Industrial environment is a process-oriented architec-
ture with co-existence of three technological platforms:
process technology (PT), energy technology (ET), and
information-communication technology (ICT). Process
technology is a commanding technology and defines
the purpose and work of all others. Energy technology
in an industrial environment is entrusted with supply and/
or production, and distribution of energy. Finally, the third
element is the information-communication technology,
which provides control and management of flows, includ-
ing goods, materials, services, and energy. Implementa-
tion of the analysis for implementation of a certain strategy
takes place in five steps, as follows:

The first step is to gather data on energy consumption
during production cycles [6]. Quality of analysis depends
on density of the collected data. Having in mind that a
15-minute interval is a metering interval for electricity, it
is practical to take this interval for other types of energy
sources, too. Data on consumption are shown as load
curve (LC) or as a load duration curve (LDC). The later one
is practical for use because it visibly indicates the situation
of maximum load (amplitude and length of duration).

The second step is decomposition of industrial facility
into processes and sub-processes, [6]. Figure 7 shows:
the process-based model of industrial facility [16]. Model’s
components are processes and storages. Each compo-
nent is characterised by a gradient of material flow Q(f),
energy P(t), and time diagram of engagement d(t)°.

TP#n Technology process number #n
SP# Good or material storage

P#(t) Load koncumption of n proccess|
Q(t) Material of products flow

Qinl(t)

Qoutl(t

Qin2(t)

Pin(t)

Pout(t)

Figure 7: Process model of industrial facility

5 4(f) = {0,1}. If the facility is not operating, then 0, and if it
is operating then 1.
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Processes (from the energy source point of view) can be
treated as equivalent load with power consumption P(t)
and plan of engagement §(t). Processes, i.e. load, can be
classified in several groups [16].

- Critical processes/devices, are those that must
not be stopped under any circumstances.

- Related processes are those that depend one on
another in a technological flow. Such processes can-
not be separated, and the consumption of energy by
one process cannot be decreased without having im-
pact on another process.

- Processes with storages are those processes which
have storage of semi-finished products inside their
boundaries. Well dimensioned storages can provide
for transfer of peak consumption or decrease of con-
sumption during the period of high tariff. The storage
is used for temporary acceptance of semi-finished
products, instead of taking them into the process
which is the subject of implementation of demand
management measures.

- Manageable processes/loads are those whose
consumption can be controlled or managed in any
way, be it by intensity or time of engagement. Such
consumption is subjective to DR measures. Man-
ageability is a feature emerging mostly from the level
of equipment of a technological process with tech-
nological solutions for management (voltage and
frequency converters, switches and contractors for
remote switching).

- Non-manageable processes or loads, which due
to (lack of) equipment with technical solutions or due
to technical limitations, cannot be managed (e.g.
process of melting of iron in an induction incinerator;
decreasing the power of melting or interruption of it,
can yield technological losses).

- Distributable processes or load are those whose
engagement can be moved time-wise during the
production cycle, due to technological reasons (day,
week, month or quarter).

- Non-distributable processes are those whose en-
gagement is in the critical path of the whole process.
Moving it in time would cause technological losses.

- A specific category are storages. Storages under-
stand elements of the system where it is possible to
store thermal energy, cooling energy, electricity or
technological medium. Use of storage for the DSM
purpose is peak shaving of the load curve improving
the load factor H /H

max"

The third step is classification of processes into one of the
groups: batch or continued processes. Batch processes
are those where the activity of input of goods, materials,
raw materials and energy (and information) takes place
separately from the very technological process, i.e. from
the activity of discharge of finished product or semi-finished
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product, waste and energy. Examples of batch processes
are those in reactors where reactants are first imputed and
then the activation and flow of process starts and at the
end process is closed with discharge of the reactor. The
process once started cannot be interrupted without larger
losses. Melting of iron is an example of batch process. Con-
tinuous processes are those where goods, raw materials,
other materials and energy continuously enter the process,
flowing simultaneously with the process itself, including the
output of finalised or semi-finished goods, waste and ener-
gy. This paper does not deal with the issue of classifying the
type of process, but their impact to the measures of DR.

Classification of processes into the first and second cat-
egories is not unambiguous. A decision on classification
can be made by examining the form of the load duration
curve, as shown in Figure 8. The curve of load duration
has a visible change (fall) of power in a relatively large part
of the time interval for batch processes. This means that
there are those periods of large (duration of batch process)
and small consumption (filing or emptying of batch). On
the other hand, continuous process through the major part
of the operation has a relatively large load factor H_/H

X'

P

Pmax

Batch process
Continuous process

t

Figure 8: General difference between the curves of load duration
for charge and continued processes

In relation to that, the general rule says:

- Bath processes are suitable for application of the
measure of redistribution of peak production (,Peak
shifting);

- Continuous processes are suitable for application
of the consumption decrease process or any other
method (energy efficiency, own generation).

The fourth step is the analysis of processes and limita-
tions. This step sees a more detailed analysis of the pos-
sibilities to apply DR and DSM measures, with limitations
[6].

For Bath processes:

- Analysis of time schedule of load: what are the hours
with full load, decreased load or of situations with no
load. The analysis should be carried out by statistical
processing (calculation of mean value and standard
deviation).
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- Furthermore, the analysis moves into finding out
what are the limitations for sub-processes and the
process as a whole. Are the processes distributable
or not? In the event of non-distributable processes,
redistribution of load is not possible. The measure of
energy efficiency (decreasing consumption with the
same effects) must be applied.

- In doing the analysis, one has to keep in mind the
features of (sub)processes, such as of minimum and
maximum standstill time, or operation; gradient of
starting, or stopping of process.

- The most important limitation is that the total techno-
logical effect must remain the same.

For continuous processes:

- Similarly to batch processes - if the process has a
time-based linked to a certain part of the time cycles,
it is not possible to change the method of decreasing
peak consumption. Measures of improving energy
efficiency are applied as a solution.

The fifth step is determination the potentials of DSM.
The DSM potential can be qualitatively expressed by the
following: decreasing demand of an energy subject (in-
dustrial facility); (1) and/or decreasing the costs for the
consumed electricity; (2).

APy = maxf[z P51 )}—maxi{z PS5} )}
J J

(1)

ATz{Z[ZP_jﬁj(ti)c(ti)j— {ZP_jﬁ;(ti)c(ti)ﬂAt o
i i 2

J J i

where:

i, j,  count-down of time intervals and count-down of
processes (group of energy users subjected, as a
group, to a certain DSM strategy);

,Bj mean power of a process;

3 t)  Function of time engagement of a process j prior to

a DSM strategy application. Function values are 0

or1,

Function of time engagement of a process after to

a DSM strategy application. Function values are

between 0 and 1, in order to qualify the effect of

decreased consumption (,Load shedding”);

Price of energy source (electricity) during the ob-

served period ti;

At Duration of a metering interval (15 minutes or 1
hour);
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Decrease of engaged power on daily basis has immediate
effect to the system, but also on the consumption of the
user. Depending on the type of supply contract, method
of metering and eventually selected DR programme, de-
crease of engaged power on the level of metering interval
has a financial (incentive) effect to the final user too.

4. CONCLUSION

Energy management is of joint interest for both the sys-
tem operator and user. Industrial environment is of spe-
cific interest because the level of consumption and dif-
ferent engaged useful energy forms provide not only for
load management, but also energy supply. Energy supply
understands any form of engaging production resources
for the needs of the final user. Due to the position and
importance of energy in industrial environment, as well
as the added value brought into the subjected product,
energy supply management is not possible without the
interaction with the process management. Furthermore,
the ICT provides such a quality of interfaces towards outer
systems (market in which a given industry is active, ener-
gy market, superior management systems) that it is not
possible to exclude them when considering advanced
business environments. According to the model of an ad-
vanced network (,Smart Grid"“), it is possible to implement
integration of process, energy and information technology
into a unique, advanced, networked system which can
secure optimum use of property and production resourc-
es, maintain interaction towards outer systems and envi-
ronment.

REFERENCES

[1] European Commission: European SmartGrids Tech-
nology Platform: Vision and Strategy for Europe's
Electricity Networks of the future, http://europa.eu-
.int/comm/research/rtdinfo/index_en.html, 2006

[2] S. You, Y. Zong, H. W. Bindner, J. Lin, Y. Cai and
Y. Song: Optimal dispatch of battery storage in an
industrial microgrid with a mixed portfolio of renew-
ables, Power System Technology (POWERCON),
2014

[B] S. W. lllerhaus J. F. Verstege: Optimal operation of
industrial IPPs considering load management strat-
egies, Industry Applications Conference, 2000. Con-
ference Record of the 2000 IEEE, Rome, 2000, pp.
901-908 vol.2.

[4] D. Hernandez-doya, J. Martinez-Carballido: Strat-
egies for energy management in industrial microg-
rids with a local cogeneration approach, Electronics,
Communications and Computing (CONIELECOMP),
2013 International Conference on, Cholula, 2013,
pp. 17-20.



88

[5] Hrvatski operator trziSta energije, “Pravila Organi-
zZiranja trzista elektricne energije”, NN 121/15

[6] Hrvatski Sabor, “Zakon o trzistu elektriCne energije”,
NN 22/13, 102/15

[7] S.Esmailnajad, J. Sundquist: Demand Side Manage-
ment in Swedish Industry, Master’s Thesis within the
Sustainable, 2014

[8] B. Davito; H. Tai; R. Uhlaner: The smart grid and the
promise of demand-side management, McKinsey on
Smart Grid, 2010, 3: 8-44.

[9] P. Palensky, D. Dietrich: Demand Side Management:
Demand Response, Intelligent Energy Systems, and
Smart Loads, in IEEE Transactions on Industrial Infor-
matics, vol. 7, no. 3, pp. 381-388, Aug. 2011

[10] SMB Smart Grid strategic Group (SG3): IEC Smart
Grid Standardization Roadmap, June 2010, pp 84-
86.

[11] M.H. Albadi, E.F.EI-Saadany: A Summary of demand
response in electricity markets, Electric Power Sys-
tem Research Vol 78, pp1989-1996, 2008

[12] B.Shen, G.Ghatikar, Z.Leo, J. Li, G. Wikler, P. Martin:
The Role of Regulatory Reforms, market Changes,
and Technology development to make demand re-
sponse a viable resource in meeting energy challeng-
es, Applied Energy, Vol 130, pp 814-823, 2014

[13] S-Ashok, R. Banerjee: Optimal Operation of Industri-
al cogeneration for Load Management, |IEEE Trans-
action on Power System, Vol 18, No 2, May 2003

[14] S.Buryk, D.Mead, S.Mourato, J. Torriti: Investigating
preferences for dynamic electricity tariffs: The effect
of environmental and system benefit disclosure Ener-
gy Policy, Vol 80, pp 180-195, 2015

[15] S. Ashok, R.Banerjee: Load Management applica-
tions for the industrial sector, Applied Energy, Vol 66,
Iss 2, pp 105-111, June 2000

[16] S. Ashok, R. Banerjee: An Optimization Mode for
Industrial Load Management, IEEE Transactions on
Power Systems, Vol. 16. No. 4, pp 879-884, 2001

B&H Electrical Epgijneering

BIOGRAPHY

Mario Peri¢ was born in 1973 in Doboj in Bosnia and Her-
zegovina. He graduated on the Faculty of Electrical Engi-
neering and Computing in Zagreb, Energy Technology in
1997. At the same University he got master degree in 2002
where he is on PhD study from 2013. He is an author of
27 scientific and professional papers at domestic and in-
ternational conferences and journals. He works in Koncar
— Power Plant and Electric Engineering Inc. as a Business
Unit Deputy Director

Zeljko Tomsié was born in 1957 in Virbovec in Croatia. He
graduated on Faculty of Electrical Engineering in Zagreb (to-
day Faculty of Electrical Engineering and Computer Science)
in 1981 at the Department for Electrical Power Systems. At
the same university and the department he got of master
degree in 1990 and PhD in 2001. Today he works as a pro-
fessor at the Department for Electrical Power Systems.

Co-author of two university textbooks: "Power plants and
the environment" and "Energy Management and the man-
agement of environmental impacts of the industry." He pub-
lished over 100 papers in international and national journals
and proceedings of international conferences and sympo-
siums and international workshops, and co-author of over
fifty scientific and professional studies.

Tomislav Tomisa was born in 1954 in Varazdin in Croatia.
He graduated on the Faculty of Electrical Engineering in Za-
greb (today Faculty of Electrical Engineering and Computer
Science) in 1977 where he got the master degree in 1985
PhD in the field of electrical engineering defended in 1995
and where he works as a full professor. He is author of hun-
dreds of scientific and technical papers at national and inter-
national conferences.

Jelena Galesi¢ was born in 1984 in Zadar, Croatia. She
graduated on the Faculty of Electrical Engineering and
Computing in Zagreb in 2008, Department of Electrome-
chanical Engineering and Automation. She is employed in
Koncar — Power Plant and Electric Engineering Inc. and
as a project Manager. She is author of several articles on
national conferences.



