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Figure 6. Prediction of electrical consumption power for the Leaf Lab, the Summa and the Kite Lab from 17 July 2017 to 21 July 2017 (left) and from 12 February

2018 to 16 February 2018 (right).
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Table 2. MBE and MAPE for ANN predictions on 21 July 2017 and 16 February 2018.

21 July 2017 16 February 2018
ANN Prediction
MBE MAPE (%) MBE MAPE (%)
Leaf Lab 143 5 —1.75 22.7
Summa —0.01 8.47 —0.40 12
Kite Lab —1.52 17.5 —1.42 4.96

4.2. Genetic Algorithm Optimization Results

In this section, the GA optimization results for 21 July 2017 and 16 February 2018 are presented
and analyzed for the weighting coefficient values wy = w, = 0.5. For the baseline scenario, a flat tariff
at 0.07 €/kWh is used. The optimized scenario is calculated taking into account a 2-zone tariff pricing
scheme of 0.0675 €/kWh from 8 a.m. to 6 p.m., and 0.0525 €/kWh from 6 p.m. to 8 a.m. (Figure 7).
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Figure 7. Energy pricing profiles used in the baseline and optimised scenarios.

In Figures 8 and 9, the results of the developed GA optimization approach are presented.
The charts on the left columns of these figures illustrate the ANN-based power forecast as a baseline
scenario. In the same charts, the GA optimized power profiles demonstrate load-shifting solutions.
The related costs are depicted in the right columns of the Figures. The baseline costs are calculated
based on the flat tariff of Figure 7, while the GA optimized costs are based on the 2-zone tariff of the
same figure.

With respect to the Leaf Lab, it is observed in Figure 8 that load shifting occurs from the high-price
to low-price hours. This is also reflected, in terms of the cost profile, on the day which accounts for a
reduction of 15.77% from €174.97 to €147.37. Likewise, the load in Summa is shifted outside the high
price region, with the baseline daily cost of €20.55 being decreased down to €17.80, a relevant reduction
of 13.38%. Similarly, the load shifting in Kite Lab occurs from the high tariff zone towards the morning
and the evening hours, without a reduction in total power consumption. In this case, the baseline cost
is €101.89, and the optimized total cost is €87.40, achieving a reduction percentage of 14.22%.
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The analysis of the winter results is displayed in Figure 9. The shift for the Leaf Lab power profile
leads to a cost reduction of 10.23% from €48.21 in the baseline scenario down to €43.27.

Load shifting throughout the 24 h occurs in Summa in a way that changes the overall power
profile to the early hours of the day. This transition of loads corresponds to 18.59% of costs savings,
reflecting also the differences between the flat and the 2-zone tariff pricing scheme.

With respect to the daily power in Kite Lab during the winter, changes between baseline and
optimized scenarios appear to take place in a harmonic way from high to low price hours. In this case,
a 14.97% cost saving is achieved, since the baseline daily cost is €118.1, compared to the optimized
daily cost of €100.42.

In Figure 10, the total power consumption of the 3 buildings is illustrated. In the first case, the
high power consumption according to the baseline power is shifted from working hours towards early
morning and late evening hours. In terms of cost, the total baseline cost at district level is 293.95 €, and
the total optimized cost is €251.30, corresponding to a 14.51% reduction.

With respect to the winter period, the hourly-district level GA-optimized power values for equal
weighting coefficients undergo a smooth differentiation to the left of the graph with respect to the
baseline. The district-level total baseline cost is €195.27, and the total optimized cost is €167, achieving
a reduction percentage of 14.47%.

According to Table 3, regarding the Leaf Lab, the results for each case prove that the optimization
is successful, bearing in mind that the baseline cost is €174.90 and the optimized values range from
€142.24 to €153.97, a maximum operational costs percentage reduction of 18.67%. For Summa, as for
the Leaf Lab, the optimized cost for each pair of weights is lower than the baseline cost of €20, and
varies between €17.80 and €17.12. The percentage reduction in this case reaches 14.4% Furthermore,
the optimization for the Kite Lab revealed that the GA produces better results compared to the baseline
cost of €101.9 for all pairs of weights ranging from €87.62 down to €85.78. The percentage reduction in
this case is up to 15.82%. The last column of the table represents the optimized cost for the group of
buildings, which is lower than the baseline cost of €293 for all pairs of weighting coefficients varying
from €253.91 to €247.89. The maximum percentage reduction in this case is 15.39%.

Table 3. Results of the optimization on 21 July 2017 during the summer period.

w1 Wy Leaf Lab Cost (€) Summa Cost (€)  Kite Lab Cost (€)  District Level Cost (€)
0 1 153.97 17.40 86.48 252.09
0.1 0.9 149.80 17.467 87.07 250.76
0.2 0.8 152.15 17.742 86.76 253.91
0.3 0.7 145.71 17.517 87.60 251.91
0.4 0.6 148.44 17.21 87.34 253.70
0.5 0.5 147.37 17.80 87.46 251.30
0.6 0.4 151.51 17.784 87.62 252.24
0.7 0.3 152.21 17.39 87.23 251.38
0.8 0.2 149.69 17.457 86.92 247.89
0.9 0.1 144.40 17.466 85.78 251.77
1 0 142.24 17.12 86.62 251.78
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Table 4 includes the results of optimization for each pair of weighting coefficients at both the
building and district levels for the winter period. The results for the Leaf Lab depict the optimized cost
for all weights combinations. As shown, in all cases, the optimized cost varies between €43.48 to €42.81,
which is lower than the baseline cost of €48 in this case, and accounts for a percentage reduction of up
to 10.81%. Moreover, the optimization for the Summa building revealed genetic algorithm solutions
with costs from €23.58 to €23.27, a percentage reduction of 16.89% compared to the baseline cost of
€28 in this building. Subsequently, in the Kite Lab, the optimized cost is from €102.06 down to €99.85,
equal to a percentage reduction of up to 15.38% lower than the baseline cost of €118. The last column
represents the optimized cost in the group of buildings during the winter, varying from €168.19 to
€166.53, leading to a percentage reduction of 14.6% compared to the baseline cost of €195.

Table 4. Results of the optimization on 16 February 2018 during the winter period.

w1 Wy Leaf Lab Cost (€) Summa Cost (€)  Kite Lab Cost (€)  District Level Cost (€)
0 1 42.87 23.34 101.04 167.40
0.1 0.9 42.81 23.36 101.04 167.33
0.2 0.8 42.94 23.43 99.85 167.97
0.3 0.7 43.48 23.40 101.19 167.66
0.4 0.6 43.18 23.56 102.06 168.19
0.5 0.5 43.28 23.58 100.42 167.01
0.6 0.4 43.05 23.52 101.25 166.53
0.7 0.3 43.29 23.39 101.81 167.94
0.8 0.2 43.07 23.33 100.43 167.45
0.9 0.1 43.04 23.49 100.49 167.43
1 0 42.92 23.27 101.07 166.67

4.3. Limitations of the Adopted Two-Level Model

The proposed approach entails some level of abstraction with respect to the load shift which
is achievable within the capacity of individual systems and components. Evaluating load shift in
conjunction with a pricing scheme requires deep knowledge, and depends on the specificities of each
case study. In this respect, load shift is determined by technical factors, i.e., installed systems technical
characteristics, control scheme, etc., as well as organisational factors, i.e., the potential shift of the
industrial operations within each building. A detailed knowledge of the operation of each system in a
building, along with data, i.e., power consumption profile, is not available in most cases. This logic
can be applied to some extent by using constraints to ensure that a specific percentage of the power
at any time remains unchanged. Consequently, optimisation can be conducted based on the flexible
share of the consumption power for every hour.

Also, the proposed approach is linked to the accuracy of the prediction, which may vary according
to the building under study, and other factors, e.g., type of loads, industrial operations, season, etc.
Therefore, it is important to evaluate the risk associated with different prediction error levels according
to the examined pricing scheme. Although this risk is low in a two zone pricing scheme, it may become
significant when considering dynamic pricing profiles.

5. Conclusions

The main contribution of this work is related to linking ANN short-term electric forecasting and
GA multi-objective optimization as a tool for generating and evaluating alternative day-ahead load
shifting solutions. The first step of the proposed approach is exploiting Artificial Neural Network
modelling for the prediction of the power consumption in a period of 24 h ahead. Predictions of
hourly-consumption power levels using day of week, time of day, and external temperature as inputs
were obtained for each of the 3 buildings of the Leaf Community (Leaf Lab, Summa, and Kite Lab).
The results proved that a close correlation between predicted and actual values exists during the
studied summer and winter periods, as evaluated based on correlation coefficient R for the whole
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period, as well as Mean Bias Error (MBE) and Mean Average Predicted Error (MAPE) for the specific
days used in the optimization process.

The second step was to create an optimization function to include energy cost and load shifting
using appropriate variables and constraints. The objective function was minimized using a Genetic
Algorithm to obtain solutions at individual building and building group levels. Results demonstrated
the effectiveness of this approach in considering alternative pricing schemes and load shifting
possibilities as a way to examine cost savings. Cost savings of between 10.81% and 18.67% at the
building level were associated with significant load shifting solutions obtained by the GA scheme in
the considered two-zone ToU pricing scheme. At the district level, cost savings in the range of 13.34%
and 15.39% were obtained.

Future steps in this work may involve: (i) extending research activities to include renewable
energy generation and storage capabilities, (ii) reforming the GA obtained solutions so as to take into
consideration actual loads (base, fixed, flexible), renewable energy production, and storage, and (iii)
exploiting the potential for improvements in power predictions using ANN models.
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Abbreviations

AC Alternated Current

ADR Automated Demand Response

AMI Advanced Metering Infrastructure
ANN Artificial Neural Network

ARC Aggregators or Retail Customers
BEMs Building Energy Management Systems
CHP Cogeneration of Heat and Power

CPP Critical Peak Pricing

CSP Curtailment Service Providers

DC Direct Current

DEMs District Energy Management Systems
DER Distributed Energy Resources

DR Demand Response

DRP Demand Response Provider

DSM Demand Side Management

EED Energy Efficiency Directive

GA Genetic Algorithm

HVAC Heating, Ventilation, Air Conditioning
HRES Hybrid Renewable Energy Systems
IoT Internet of Things

MINLP Mixed Integer Non Linear Programming
PV Photovoltaic

PSO Particle Swarm Optimisation

RTP Real Time Pricing

ToU Time of Use
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Nomenclature

Costg district daily energy operating costs (€)

Costg, . normalisation factor of cost criterion (€)

Costr rap daily energy operating costs of Leaf Lab (L4) building (€)

Costg Summa daily energy operating costs of Summa (L2) building (€)

CostE kite daily energy operating costs of Kite (L5) building (€)

CEHM day-ahead hourly unit cost of energy in each building (€/kWh)
CostE paseline total cost of the baseline scenario

CostE_opt total cost of the genetic algorithm optimised solution

Load s,z daily load shift (kWh)

LO“dShiftimax normalisation factor of load shift criterion (kWh)
Loadshifuab daily load shift of Leaf Lab (L4) building (kWh)
Loadsh,ﬁis”mm daily load shift of Summa (L2) building (kWh)
Loadsh,ﬁjm daily load shift of Kite (L5) building (kWh)

W Weighting coefficient of cost criterion [0-1]
wy Weighting coefficient of load shift criterion [0-1]
Xé hourly value of total energy consumption in each building (kWh)
Z—Lﬂb hourly value of total energy consumption in Leaf Lab (L4) building (kWh)
h Baseline (predicted) hourly value of total energy consumption in Leaf Lab (L4) building
S T— (kWh)
’Elsim,m hourly value of total energy consumption in Summa (L2) building (kWh)
xh baseline (predicted) hourly value of total energy consumption in Summa (L2) building
Esummagyiine (kWh)
X Z,Kit . hourly value of total energy consumption in Kite (L5) building (kWh)
lgkmmm baseline (predicted) hourly value of total energy consumption in Kite (L5) building (kWh)
gw GA optimised hourly electrical energy (kWh) at building or building group level
gwm baseline hourly electrical energy (kWh) based on day-ahead Neural Network predictions
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Abstract: According to the current circumstances that are related to the effectiveness of the tightened
European Union (EU) environmental legislation, which sets minimum requirements for the heat and
power sources of energy that are part of the Slovak Electricity System (SES) source mix, an article
was prepared to summarize the information regarding energy and environmental legislation, which
is in force as in the EU as in Slovakia. This information was completed with a description on the
current situation and requirements for the safety and reliability of the “new” mix of sources and
technologies of electricity production within the SES in terms of energy and economic efficiency and
environmental consequences.
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1. Introduction

The start of electricity usage reaches the end of the 19th century. First, electricity has begun
to be used for lighting, and later as a source of power for mechanical drives. Further, its use has
gradually spread to other sectors, too. Today, electricity has penetrated all areas of the economy and
the social spheres. The production and consumption of electricity places demands on the reliability of
the elements of the power system and the creation of capacity reserves at the same time. Energy needs
to have enough primary energy resources and the availability of flexible technologies. Whereas, in the
past, the regulatory reserves have been dimensioned and activated to compensate for the deviations in
the consumption or for bridging the failures of production capacities. Resource reserves must now
also be activated in balancing the variations in the change in the volume of electricity production to
sources with unpredictable direct production in the direct conversion of solar and wind energy. Such
production, due to the preferential connection with the power system, requires back-up with predictive
sources in the full potential of its installed power.

The availability of electricity is taken for granted and the break-up of the system is not allowed
in the European Union (EU). Electricity has become available to subscribers, of course, so almost
nobody is interested in the technical nature of its production and distribution. The consequence of this
interpretation is the misconception that it is necessary to pay “exorbitant” high bills for an ordinary
socket and switch. The electricity bill in the family budget, even in the corporate budget, accounts for a
fraction of the cost of mobile operator services, the Internet, licenses for software, hardware, car leasing,
and other substantially less important items that would be “non-functional scrap” without electricity.
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Overall, it is forgotten that electricity in the socket and switch is continuously available thanks to
the reliable operation of the power grid, which is the most important, the most extensive, and most
expensive infrastructure in each EU country, while the transmission system connections are subjected
to the Union for the Co-ordination of Transmission of Electricity (UCTE) in the EU and North Africa,
the rules of which must be strictly observed by national operators both dispatching and commercial
dealers. The life of a civilized society without electricity is impossible. Of course, the consequences of
a power failure are sometimes perceived during natural disasters quite differently to the ones that
are directly affected by the failure. Power-supply engineers warn that reliable operation is not a
matter of course. Since the beginning of the millennium, nine large disruptions of the power systems
(“blackouts”) had occurred in the world, and even the smallest had impact on more inhabitants, as it
lives in the whole Slovakia. Overall, more than a billion inhabitants of the planet have been affected by
the disruption of the power system since the beginning of this century. Five of the all disruptions have
taken place in the EU in the last 18 years.

The largest electricity failure in the EU in this century occurred at the end of September 2003.
It initiates a series of network failures in northern Italy, which were caused by the fall of a tree on the
electric power transmission line in Switzerland during a storm. Within four seconds, the failure spread
to Italy, Slovenia, and Croatia. The disruption of the electricity power system has affected 55 million
people; fortunately it only lasted for a short time, one day. Life in Italy, except Sardinia, has stopped.
Rail and air travel completely collapsed, cars were moving sharply across the streets while the traffic
lights were not operating, and thousands of them stood without fuel at the edge of the road due to
the non-operating filling stations. The mass media and the internet ceased to exist. The public did
not know what had happened. Banks, ATMs, shops, restaurants, and offices were totally collapsing.
The lives of people in hospitals saved electricity from backup sources. Fortunately, the disintegration of
the electric system occurred at the end of summer at 2.00 pm at night. If the failure would occur in the
winter, during a cold weather, the consequences would be catastrophic when the outside temperature
can fall below the freezing point in the temperate climatic zone.

2. European and Slovak Legislation Governing the Energy Sector

In January 2007, the European Commission (EC) published the Communication “An Energy
Policy for Europe” [1]. This Communication outlined the developments in the energy sector by
2010, as well as the 2020 targets. This Communication, while respecting the sovereignty and energy
mix of the individual EU countries, integrated energy policy with climate change policy and clearly
formulated the three basic pillars of EU energy policy that were: energy security; competitiveness;
and, sustainability.

Subsequently, in March 2007, the European Council adopted the Energy Efficiency Action Plan
2007-2010 [2], which is an important element of climate change commitments: reducing greenhouse
gas emissions by 20% by 2020 as compared to 1990; increasing the share of renewable energy to 20% by
2020; achieve a 10% share of renewable energy in transport by 2020; and, achieve 20% energy savings
as compared to projections by 2020.

The Energy Efficiency Action Plan has become the basic document for the development of the
legislative framework in the upcoming period. It was followed by the other strategic and legislative
documents that covered the different areas of the Action Plan: Strategic Energy Technology Plan
(2007) [3], Third Liberalization Package (2007) [4], Climate-Energy Package (2008) [5] and Energy
Efficiency Plan (2006-2011) [6]. The Second Strategic Energy Review—An EU Energy Security and
Solidarity Action Plan (2008) [7] focused on the least developed energy policy pillar—energy security,
just in gas crisis time in January 2009. The European Economic Recovery Plan (2008) [8] included a
proposal to support the development of energy infrastructure, with the support of specific projects in
the area of gas infrastructure development in the Slovak Republic.

An important milestone in the development of energy policy was the adoption of the Treaty of
Lisbon [9] in 2009. The Treaty on the functioning of the EU defined a new legal basis for EU energy

68



Energies 2019, 12, 1701

policy measures and its Article. 194 defined the basic objectives and principles of EU energy policy.
The main objectives of the European energy policy are to ensure the functioning of the energy market;
ensuring security of energy supply in the EU; enhancing energy efficiency and energy savings and
developing new technologies for electricity production and promoting the production of electricity
from renewable energy sources, as well as supporting the interconnection of energy systems and
networks. The sovereignty of the Member States in the composition of the energy mix as well as in
ensuring their energy security are enshrined in the basic principles of European energy policy.

The 2020 energy principles and targets were based on the Europe 2020 Strategy [10] and they are
further elaborated in the Energy 2020 strategy: A Strategy for a Competitive, Sustainable, and Secure
Energy [11]. The key energy priorities included: to make effective use of energy resources in the EU, to
complete a pan-European integrated energy market by 2015, to increase the rights of consumers and to
achieve an increase in energy security, to maintain the EU’s leading role in energy technology, and to
strengthen the external dimension of the EU energy market.

The energy efficiency demands have been gradually becoming a centre of interest, as evidenced
by the revision of the EU’s energy efficiency policy in the form of the adoption of the Energy Efficiency
Directive 2012/27/EU [12]. This Directive established a common framework for measures to promote
energy efficiency in the EU in order to secure the EU’s main energy efficiency target of a 20% reduction
in energy consumption by 2020 under the Europe 2020 Strategy [10].

In the field of energy infrastructure, in November 2010, the Communication “Energy Infrastructure
Priorities for 2020 and Beyond” [13] identified the key roles for the needs of infrastructure development
in the oil, gas, and electricity sectors by 2020 and the basic long-term and short-term (by 2020) priorities
in the field of European energy infrastructure that are needed to complete the interconnection of the
internal market. These include the North-South Gas and Electricity Interconnections, the oil connections
in Central Europe, and the Southern Gas Corridor, regarding the development of energy infrastructure
in Central Eastern and South-Eastern Europe, with relevance to the Slovak Republic. These priority
corridors of the European Energy Infrastructure were further elaborated in the “Energy Infrastructure
Package” that was proposed in 2011 and adopted in 2013 by the European Parliament and Council (EP
and C) no. 347/2013 on the Guidelines for Trans-European Energy Infrastructure (TEN-E) [14] and
Regulation 1316/2013 [15] establishing the Connecting Europe Facility (CEF). The decision-making
body adopted in July 2013 a European list of projects of common interest in the electricity, gas, and
oil sectors.

The EC in the Roadmap to a Competitive Low Carbon Economy in 2050 (03/2011) [16] analysed
the implications of a commitment to reduce greenhouse gas emissions by 80-95% by 1990 and indicated
the extent of emission reductions in the key sectors for the years 2030 and 2050. Electricity will play
a central role in the low-carbon economy. The Commission’s analysis shows that, by 2050, it can
contribute to almost complete elimination of CO, emissions and offers prospective partial replacement
of fossil fuels in transport and heating. The EC calls on the other European institutions and the Member
States to take this plan into account in the further development of European, national, and regional
policies that are aimed at building a low carbon economy by 2050.

In the Energy Roadmap 2050 (12/2011) [16], in several scenarios, the EC is exploring ways of
decarbonizing the energy system and ways of securing energy supply and competitiveness by 2050.
The plan seeks to develop a long-term, technologically neutral European framework for energy policies,
thereby achieving the necessary certainty and stability in investing in the energy system. The Roadmap
does not replace the national, regional, and local efforts to modernize energy supply, it but seeks to
develop a long-term, technologically neutral, European framework, in which these policies will be
more effective.

The EC published the Communication “Renewable Energy: A Major Player in the European
Energy Market” (06/2012) [17], which is aimed at ensuring the growth of sustainability beyond
2020. The Communication set out key priorities, such as increased coordination of support systems,
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strengthening the role of the Southern Mediterranean, the use of cooperative mechanisms, and progress
in the field of energy technologies.

In March 2013, the EC issued the Green Paper: A 2030 Framework for Climate Change Policy
and Energy Policies [18], and it launched a debate on the Energy and Climate Framework Policy
Post-2020 at the same time. On 22 January 2014, the EC published the EC’s Communication on an EU
policy: 2030 Climate and Energy Framework [19], following the Green Paper from March 2013. In
March 2014, EC accepted the commitment to adopt the 2030 Climate and Energy Framework policy by
October 2014. The Slovak Republic still does not have a definitive position in this respect, although
the coordination of positions takes place between the ministries concerned (Ministry of Finance SR,
Ministry of Environment SR, and Ministry of Economy SR). During the negotiations on the future
framework, the Ministry of Economy emphasized the need to preserve sovereignty in the field of
energy mix, the non-binding character of the 2020 renewable energy sources (RES) and energy efficiency
targets, the need to respect the national specifics, and the need to develop RES in a cost-effective
way. It is a binding target for reducing greenhouse gas emissions by 2030, which was subjected to
certain conditions.

The EC identified in the Communication “Progress towards Completing the Internal Energy
Market” [20] (11/2012), the obstacles, and measures that are needed to meet the objective of completing
the EU internal energy market (IEM) by 2014 and removing the isolation of Member States by the year
2015. The Communication also contained recommendations for the Slovak Republic concerning the
elimination of the regulation of energy supply prices, the solution of round-the-clock issues, and the
development of North-South connections in the gas and electricity sectors.

At the end of 2018, the EC concluded negotiations on all aspects of the new energy legislative
framework “Clean Energy for All Europeans package” [21]. This is a significant step towards the
creation of the Energy Union and delivering on the EU’s Paris Agreement commitments. The package
includes eight different legislative acts: “Energy Performance in Buildings Directive”; “Renewable
Energy Directive”; “Energy Efficiency Directive”; “Governance Regulation”; “Electricity Directive”;
“Electricity Regulation”; “Risk-Preparedness Regulation”; and, “Regulation for the Agency for the
Cooperation of Energy Regulators (ACER)”. This new policy framework brings regulatory certainty,
through the introduction of the first national energy and climate plans. It will encourage essential
investments to take place in the energy sector. It empowers European consumers to become fully
active players in the energy transition and it fixes two new targets for the EU for 2030: a binding
renewable energy target of at least 32% and an energy efficiency target of at least 32.5%—with a possible
upward revision in 2023. For the electricity market, it confirms the 2030 interconnection target of 15%,
following on from the 10% target for 2020. When these policies are fully implemented, they will lead
to steeper emission reductions for the whole EU than anticipated—some 45% by 2030 relative to 1990
(as compared to the existing target of a 40% reduction).

That legislative framework also played an important part in the EC’s preparations for its long-term
strategy for a climate neutral Europe by 2050 (“Climate Neutral Economy by 2050” [22]), which was
published in November 2018. The strategy shows how Europe can lead the way to climate neutrality by
investing into realistic technological solutions, empowering citizens, and aligning action in key areas,
such as industrial policy, finance, or research—while ensuring social fairness for a just transition. Itis in
line with the Paris Agreement objective to keep the global temperature increase to well below 2 °C and
to pursue efforts to keep it to 1.5 °C. The purpose of this long-term strategy is not to set targets, but to
create a vision and sense of direction, plan for it, and inspire as well as enable stakeholders, researchers,
entrepreneurs, and citizens alike to develop new and innovative industries, businesses, and associated
jobs. It investigates the portfolio of options that are available for Member States, business, and citizens,
and how these can contribute to the modernisation of our economy and improve the quality of life
of Europeans. The long-term strategy also seeks to ensure that this transition is socially fair and it
enhances the competitiveness of EU economy and industry on global markets, securing high quality
jobs and sustainable growth in Europe, while also helping to address other environmental challenges,
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such as air quality or biodiversity loss. The road to a climate neutral economy would require joint
action in seven strategic areas: energy efficiency; deployment of renewables; clean, safe and connected
mobility; competitive industry and circular economy, infrastructure, and interconnections; bio-economy
and natural carbon sinks; and, carbon capture and storage to address remaining emissions.

The energy legislative framework in the Slovak Republic is based on several documents that
can be divided into three groups in general. The first group consists of primary legislation. There
are the acts that were adopted by the National Council of the Slovak Republic. The second group
of documents (secondary legislation) consists of generally binding legal regulations (decrees) of the
Ministry of Economy of the Slovak Republic, the Regulatory Office for Network Industries (URSO),
or the Slovak Government. The last group of legislative documents is tertiary legislation, which
includes the operating rules, technical conditions for access, and connection to the system and networks,
dispatching orders and documents that are drawn up and published in accordance with the provisions
of Act no. 251/2012 Coll. on Energy [23] and Act no. 250/2012 Coll. on Regulation in Network
Industries [24].

The primary electricity legislation is represented by Act no. 251/2012 Coll. on Energy, Act no.
25072012 Coll. on Regulation in Network Industries, and Act no. 476/2008 Coll. on Energy Efficiency.

The EU'’s third energy package was implemented in 2009 by issuing Act no. 250/2012 Coll. [25].
The Act provides greater independence and power for the regulatory authority to determine regulated
prices as well as control activities in regulated entities. By implementing the EU’s third liberalization
package in the Slovak legislation, space for reducing the regulatory burden in the energy sector has
been opened for the future. The Act in question regulates: the subject, scope, conditions, and method
of regulation in network industries; the conditions for carrying out regulated activities and the rights
and obligations of regulated entities; the rules for the functioning of the electricity and gas markets;
establishment, status, and competence of the Regulatory Office for Network Industries (URSO) and the
Regulatory Council; proceedings under this Act; and, administrative offenses for breach of obligations
that are specified by this Act. The subject of regulation under this Act is the determination or approval
of the method, procedures, and conditions for: connection and access to the transmission system,
distribution system, transmission network and distribution network; electricity transmission and
distribution in a defined area; gas transmission and gas distribution in a defined area; providing
support services in the electricity and gas industries; providing transmission system operator and
distribution system operator services, accessing and connecting new electricity and gas producers to
the system or network, producing and distributing heat.

Act no. 251/2012 Coll. on Energy [23] is the basic legislative document of the Slovak energy
sector. The Act regulates: the conditions for the functioning of the open energy market; the rights and
obligations of individual electricity market participants and gas market participants; network and
systems management issues, i.e., power dispatching and gas dispatching centres; issues of separation of
regulated activities, i.e., unbundling; special forms of electricity production; network access conditions;
rules for market behaviour of energy market participants; and, performance of state administration
and supervision in the energy sector. From 1 July 2007, all customers, including households, have the
option of choosing their energy supplier (electricity and gas) based on the open market.

Act no. 476/2008 Coll. on Energy Efficiency [25] sets out: the concept and action plans for
energy use; evaluation of transmission, transport and distribution; energy consumption obligations
in buildings; an obligation on the manufacturer to operate, reconstruct and build energy-efficient
energy conversion equipment; for a manufacturer to carry out an energy audit to demonstrate the
possibility of supplying usable heat; and, consumers of energy in industry and in agriculture the
obligation to evaluate energy intensity of production by energy audits, conditions of operation of the
monitoring system.

Another important act from the energy point of view is the Actno. 309/2009 Coll. on the Promotion
of Renewable Energy Sources and High Efficiency Cogeneration and on Amendments to Certain
Acts [26]. This Act specifies: the method of support and conditions for the promotion of electricity
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production from renewable energy sources, electricity by high-efficiency cogeneration, biomethane;
rights and obligations of producers of electricity from renewable energy sources, electricity from
cogeneration, electricity from high-efficiency cogeneration, biomethane; the rights and obligations of
other electricity and gas market participants; and, the rights and obligations of the legal person or the
natural person who places on the market fuels and other energy products used for transport purposes.

The secondary legislation is primarily represented by the Decree of the Office for Regulation of
Network Industries no. 24/2013 Coll., laying down the rules for the functioning of the domestic market
in electricity and the rules for the functioning of the domestic gas market [27] (including the Decree of
the Office for Regulation of Network Industries no. 423/2013 Coll.).

This Decree lays down detailed rules for the functioning of the electricity and gas markets when
the electricity market participant is connected to the system, the electricity market participant’s access to
the system, electricity transmission, cross-border electricity exchange, electricity distribution, electricity
supply, including supply of regulation electricity and electricity supply to households, providing
support services, providing system services, assuming responsibility for deviation, evaluating, clearing
and settlement of electricity market participant’s deviation and system deviations, and how to prevent
system overloading and system overload solutions. It also discusses the procedure for changing the
electricity supplier, the conditions, and the date of its implementation in detail.

Other important regulations are:

e Decree of the Ministry of Economy no. 599/2009 Coll. aimed at implementing the provisions
mentioned in the Act on the Promotion of Renewable Energy Sources and High Efficiency
Cogeneration. [28]

e Decree of the Office for Regulation of Network Industries no. 80/2015 Coll. amending the Decree
of the Regulatory Office for Network Industries no. 490/2009 Coll. laying down details on the
promotion of renewable energy sources, high efficiency cogeneration and biomethane. [29]

e Decree of the Office for Regulation of Network Industries no. 189/2014 Coll. amending the
Decree of the Regulatory Office for Network Industries no. 221/2013 Coll. laying down the price
regulation in the electricity industry. [30]

From January 2019 an amendment to the Act no. 309/2009 Coll. on the Promotion of Renewable
Energy Sources and High-Efficiency Cogeneration and on Amendments to Certain Acts is in force [26].
In connection with this amendment, the Act No. 251/2012 Coll. on Energy was also amended.
The biggest changes concern the payment for access to the distribution system (so-called G-component).
This payment was introduced with effect from January 2014 by the Decree of the Office for Regulation
of Network Industries focusing prices. In 2016, the Constitutional Court annulled the G-component
and declared that part of the Decree imposing an obligation on the G-components to pay electricity
producers to be unconstitutional. According to the Constitutional Court, the legal basis for the payment
of the G-component can only be the agreement on access to the distribution system and the distribution
of electricity. The amendment of this Act responds to this decision in several points. The first change
is the modification of access to the distribution system definition. Access to the distribution system
also means the supply of electricity to the system. The essential requirements of the agreement
regarding access to the distribution system and electricity distribution are also changed. If the contract
is concluded by the electricity producer, the transmission of electricity is not an essential requirement of
the contract. Another change is the introduction of a definition of unauthorized supply. Unauthorized
supply is the supply of electricity to the system without a contract on access to the distribution system
and the distribution of electricity. If the producer delivers electricity without an access agreement, it
will be an unauthorized delivery and the distribution company will be able to disconnect it. The last
important change is the obligation for electricity producers to conclude a contract on access to the
distribution system and electricity distribution system to with a system operator when they supply
electricity to the system.
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Actno. 250/2012 Coll. on the Regulation in Network Industries was also amended. The amendment
introduces a statutory definition of tariffs for system operation and tariffs for system services. So far,
these terms have only been governed by legal regulations. At the same time, there is a legal definition
of one of the components of the tariff for operating the system, which is the tariff to produce electricity
from renewable energy sources. There are also individual tariffs for operating the system for businesses
with a consumption of at least IGWh (energy-intensive businesses). The extended competences of
the Office for Regulation of Network Industries to issue a price decision for RES and CHP electricity
generation activities for the entire period of support by a supplement or surcharge, i.e., for a period of
15 years, are introduced. The amendment also ensures the effective implementation of the decisions of
the Agency for the Cooperation of Energy Regulators (ACER). As a rule, ACER decisions have the
character of methodologies and conditions. The amendment introduces an obligation for the Office
for Regulation of Network Industries to publish these decisions on its website in order to ensure that
electricity market participants and gas market participants are properly informed regarding their issue.
It also provides for the possibility for the Office for Regulation of Network Industries to stop the price
proceedings, if, by issuing a price decision, the total installed capacity of the new electricity generation
facilities from RES and CHP would be exceeded. The Ministry of Economy of the SR for the relevant
calendar year will publish the total installed capacity of new equipment.

3. Basic Information about the Slovak Electricity System

On the territory of Slovakia, the beginning of the electrification of the territory relates to the
operation of the first hydroelectric power plants in the Central and Northern Slovakia at the end of the
19th century, which gradually merged into local systems. The first brown-coal-fired steam power plant,
with 12.0 MW installed capacity, was put into operation in Handlova more than 100 years ago and
became the primary source of the regional system in the area between Handlova and Prievidza. In 1949,
a brown-coal-fired power station in Novaky with an installed capacity of 178 MW was commissioned.
In 1963, a new 110 MW unit was put into operation in Novaky, connected to the Bystricany substation,
and then connected to the already highly developed Czech electricity system through the 110-kV
substation Liskovec in the north of Moravia. The operation of the first system power plant guaranteed
the security of electricity supplies to Slovakia, which, until then, had been mainly supplied by electricity
from a hydroelectric Vah river cascade which reliability was limited by the potential of the Vah’s hydro
energy. At present, the electrical system is an infrastructure property of high value with thousands of
resources, tens of thousands of kilometres of superior and distribution air and cable lines, appliances,
and safety features of the power grid. The electrical system facilities have made electricity continuously
available throughout the country, and it serves the development of the economy and the population of
the Slovak Republic.

It is important that a balance of production and consumption of electricity is always maintained
in order to guarantee the safety and reliability of the electrical system operation. The frequency and
voltage offset reflects the difference in electricity production and consumption, while the higher the
power production and lower the power consumption, the frequency increases, and vice-versa. If the
frequency (49.8-50.2 Hz) and voltage offset is exceeded, their life span would be reduced and their
own protections would start to be disconnected from the system. According to the current load, the
difference in MW production and consumption may cause local outages in the supply of electricity,
which in the undesired process ends with the disruption of the system. Disturbances in the system
spread at a speed that goes beyond the possibilities of human perception. Therefore, each regulatory
area must have a system of protection and management of the electricity system that prevents the
spread of faults and controls the production of resources and consumption of consumers in the nodes,
while real controlling the operation of the power system of the Slovak Republic (SR) is provided by the
“Slovenska elektrizacna prenosova sustava” (SEPS Inc., Zilina)/Slovak Electricity Transmission System.
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4. Production, Distribution and Consumption of Electricity in Slovakia

A power system of 7721 MW was installed in 2017 and the system integrated the production
of electricity from almost 2800 electricity production sources, according to the Yearbook 2017 of the
SEPS [31]. Electricity consumption reached 31,066 GWh, of which the domestic production was
accounted for 28,036 GWh. The electricity production balance reached 3 030 GWh, i.e., almost 10%.
The annual power maximum of 4550 MW was reached on January 11, 2017, and the power minimum
of 2380 MW on 21 May 2017, the regulatory range of the system was of 2170 MW. The share of
production from fossil fuels, nuclear sources, and renewable energy sources (RES), as well as the
import of electricity, has been stabilized for the long time, and optimal in terms of safety and reliability.
Regulatory requirements increase due to the unpredictable change in the power of photovoltaic power
plants, with an installed power potential of 540 MW. When compared to 2015, the installed capacity
was reduced by more than 400 MW. Four units of coal power plants were decapitated, of which two
110 MW blocks belonged to the Coal Power Plant Novaky and two blocks of equal power belonged
to the Coal Power Plant Vojany. The reason for the decapitation was the failure to comply with the
prescribed environmental requirements of the EU and SR. The Ministry of Economy of the Slovak
Republic did not allow further decapitation of system resources installed capacity in order to maintain
energy security of Slovakia, unless they are put into operation the domestic sources, i.e., new blocks of
the nuclear power plant in Mochovce.

Electricity that is produced in the Slovak Republic is loaded with low greenhouse gas emissions.
In 2017, only 20% of electricity was produced from fossil fuels. The total load of electricity that
was consumed by CO, emissions was 230 g/kWh, which is the seventh lowest position within the
28 EU countries.

Table 1 shows the share of resources for installed power and total electricity production, costs,
and prices of electricity produced and imported. Table 1 provides a detailed overview of the major
electricity producers (about 90% of electricity production in Slovakia) with the volume of emitted CO,,
NOy, and SOx.

Table 1. Production and consumption of electricity in Slovakia in 2017 (Source: [31,32]).

Energy Sources Installed Power Electricity Production 2017 Use Price Costs
(MW) (%) (GWh) (%) (%) (€/MWh) (K €)
Nuclear 1940.0 25,1 15,081.0 53.8 88.7 36.20 545,932
Water 2539.0 32.9 4667.0 16.6 21.0 45.71 213,329
Lignite 333.0 43 1734.0 6.2 59.4 97.44 168,968
Hard coal 221.0 29 1062.0 3.8 549 86.93 92,324
Natural gas 1106.0 14.3 2228.0 7.9 23.0 77.72 173,169
Oil 257.0 33 687.0 25 30.5 100.60 69,115
Mixed fuels 431.0 5.6 90.0 0.3 24 91.93 8274
Sun 530.0 6.9 609.0 22 13.1 385.73 234,912
Biomass 225.0 29 1113.6 4.0 56.5 97.59 108,681
Biogas 105.0 14 642.0 23 69.8 134.51 86,358
Wind 3.0 0.0 39 0.0 14.8 64.59 252
Others RES 12.0 0.2 76.5 0.3 72.8 113.11 8653
Other 19.0 0.2 42.0 0.1 252 26.93 1131
Production 7721.0 100.0 28,036.0 100.0 41.5 61.03 1,711,098
Import/Export 345.9 45 3030.0 9.8 100.0 36.20 109,686
Consumption 8066.9 104.5 31,066.0 100.0 44.0 58.61 1,820,784

Among the “other RES” belongs, e.g., geothermal energy or sewage sludge processing in Slovakia.

The price of electricity from photovoltaics is several times higher than from coal due to the high
investment and costs and lower efficiency of utilization of this RES. For solar energy, the average use
of installed power is only 13.1% and for coal 55-60%. Coal from Slovak mines is subsidized by the
state, so the price is as high as the price of biomass.
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The price of electricity and natural gas is rising, mainly due to the dramatic increase in the price of
greenhouse gas emission allowances. Paradoxically, in Slovakia at the end of 2018, an Act was issued
to stop the combined production of electricity and heat from biomass. Electricity that is produced in
this way is considered to be particularly environmentally friendly in a civilized world, because, in
addition to high energy efficiency, it slows down climate change, as it is neutral in terms of greenhouse
gas production. Moreover, the prices of heat that is produced in the cogeneration process together
with electricity would not increase for more than 400 thousand of the inhabitants of Slovakia, as the
purchase of emission allowances does not affect this production.

Figure 1 introduces the end user price of electricity according to the energy sources.
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Figure 1. Comparison of commodities end user prices (Source: [31,32]).

Figure 2 shows the electricity production and consumption in Slovakia, as well as the electricity
production and consumption balance.
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Figure 2. Production and consumption of electricity in Slovakia (Source: [31,32]).
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Figure 2 shows the decrease in electricity production. The reason is the termination of the operation
of the first block V-1 of nuclear power plant in Jaslovske Bohunice in January 2007 as well as its second
block V-1 in January 2009. Each of these V-1 blocks generated 10% of all energy that is produced in
Slovakia. The country is expected to become self-sufficient again after putting the third and fourth
block of the nuclear power plant in Mochovce into operation (2019, 2020).

Figures 3-5 show the commodities end user prices for electricity, gas, and EUA's
emission allowances.
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Figure 3. Electricity end user prices development on the stock market—the index PXE (Source: [33]).
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Figure 4. Stock market year-on-year increase of average electricity end user prices (€/year) in period
2009-2018 (Source: [33]).
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Figure 5. Gas end user prices on the stock market—the index PXE (Source: [33]).

Figure 3 shows the development of the electricity price on the stock market—the PXE index in the
period April 2017-January 2019.

The stock market average electricity end user prices for period 2009-2018 are introduced in
Figure 4.

Recently, the price of electricity had been significantly rising, being mainly driven by the course
of electricity prices in neighbouring countries, as well as gas price developments and the price of
greenhouse gas emission allowances (Figures 5 and 6).
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Figure 6. End user prices of emission allowances for greenhouse gases (Source: [34]).

Figure 7 shows the course of the spot price of electricity in Slovakia in 2018 according to the
Energetika.cz web portal [19].
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Figure 7. Electricity spot prices in 2018 (Source: [33]).

The rising price trend in 2018 was due to the extraordinary rise in commodity prices on stock
markets. The prices that are introduced in Figure 7 reflect the year-on-year increase of prices in the
production of electricity by 27%, gas by 24%, and emission allowances increase by more than 200%.

Figure 8 introduces the utilization of the Slovak electrical system and its coverage by the energy
sources on 7.12.2018.
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Figure 8. Slovak electrical system utilization and its coverage by the energy sources on 7.12.2018
(Source: [35]). PSHPS—Pumped-storage hydropower stations.

It can be seen from Figure 7 that, during the selected day, the least dynamic variation in electricity
(power) produced was recorded by the nuclear power plants, sources of electricity from biomass and
other RES, lignite and hard coal, other fossil fuels, and natural gas. On the other hand, significantly
dynamically variable electricity production (power) is evident in the case of hydropower plants,
pumped-storage hydropower stations (PSHPS), solar power stations, and import/export. It is also clear
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from the figure that, during daylight, when the power of solar power plants increases, hydropower
plants and PSHPS simultaneously control this power.

5. Heat Supply from Power Plants of Slovenske Elektrarne, Inc.

Slovenské elektrarne (SE, Inc.)/Slovak Power Plants is the third largest heat supplier in Slovakia.
In 2017, SE produced 898 GWh and sold 705 GWh of heat. The largest system of central heat supply
(CHS) within the SE is the system in the Jaslovske Bohunice nuclear power plant. The heat that is
produced by this system supplies the towns Trnava, Hlohovec, Leopoldov and Jaslovske Bohunice. In
addition to the supply of non-residential premises, institutions, public buildings, and medical and
school facilities, the heat is supplied for heating and water to 22,730 dwellings, including 364 family
houses in the village Jaslovske Bohunice. The second largest CHS system belongs to the Novaky heating
power plant and it supplies about 11,494 flats in the towns of Prievidza, Novaky, and Zemianske
Kostolany with heat for heating and water heating, including 46 family houses in Zemianske Kostolany.

The highest electricity production used for heating during the year occurs during the heating
season (November—March), see Figure 9.
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Figure 9. Electricity production for heating at sources in Slovakia in 2018 (Source: [35]).
6. Environmental Consequences of Electricity Production

Coal mining has traditionally been an important industry in the Slovak Republic. Hard coal is
mostly used in the steel industry. Lignite is mostly used for power and heat generation at the Novaky
power plant. In 2016, the power plant accounted for 6.4% of the total power generation in the country.
The remaining extractable lignite reserves in the Slovak Republic would be sufficient to supply the
Novaky power plant for at least for another 20 years. [36]

However, in recent decades, coal has moved from the largest energy source in the country’s energy
production, total primary energy supply (TPES), and electricity generation to only account for around
10-20% of the energy mixes. Starting the operation of nuclear power and the growth in bioenergy use
has reduced the relevance of coal for the Slovak Republic’s energy security, and some uneconomical
coal mines are now closed down. The remaining coal mines depend on subsidies for domestic coal use
in power generation. [36]

According to [36], two-thirds of coal supply is imported, mainly from the neighbouring countries
and the Russian Federation. Russia accounted for 29% of total imports, followed by the Czech Republic
(25%) and Poland (20%). Most of the imported coal is hard coal, but lignite also accounted for 11%
of the total coal imports in 2017. Coal imports declined by 31% from 2007 to 2017, which is in line
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with the decline in coal demand. Domestic lignite production accounts for 30% of the total coal supply
when measured in weight, and 14% when measured in energy content. Lignite production decreased
by 13% in the past decade and several coal mines are now closed.

The challenge is that domestic lignite is uncompetitive in power generation. However, its
perceived security of supply benefits means that the government has adopted a compensation system
for its use in electricity generation. Electricity from domestic lignite also benefits from a priority
dispatch to the network, just as renewable energy. The subsidy costs electricity users around 100 million
EUR a year, or around 14,000 EUR per employee in coal mining and related services. [37]

The government considers that an abrupt termination of coal mining in the Upper Nitra would
radically increase unemployment in the area. It prefers to find solutions that gradually phase out coal
mining and the subsidy to minimise the impact on employment. Subsidies are also granted to mine
closures. From 2002 to 2015, a total subsidy of 6.7 million EUR was given to the mining company
Bana Dolina a.s., to cover the exceptional costs to end the mining activities and to cover the severance
payments to workers. The closure of the Cigel mine is expected to cost around six million EUR in state
aid. [37]

According to [37], practically all domestic coal is used for power generation, and therefore it
is part of the electricity security equation and its future should be considered in this context. The
International Energy Agency notes that, to the extent that domestic lignite is currently needed for the
security of supply, this concern will be alleviated as soon as the first 470 MW nuclear unit comes on
line, which is planned for completion in 2018.

There is a long-standing unacceptable situation from point of view of the environmental protection
and health and safety of the population in Slovakia, because the territory of Slovakia is mostly affected
by the emissions arising from the cheapest electricity production in neighbouring countries, not as
much from the Slovak electricity production sources and coal mining. The problem of coal-fired power
production is not the technologies used to produce the electricity that must meet the strict emission
limits that are set by the EU and Slovak legislation. The problem is the method of coal mining and the
preparation of fuel, in general. In neighbouring countries, the environmentally unacceptable surface
mining of coal is the main source of environment pollution.

Itis evident that “responsible persons”, not only activists, are aware of the effects and consequences
of dust scatter, so the fuel dumps have to be covered by the Best Available Techniques reference
documents (BREF) for the best available techniques (BAT) and the ash storage under a constant
water level, but hundreds of square kilometres of surface mines remain without the corresponding
technical solution.

Surface mines in Poland, Germany, and the Czech Republic pose a threat to the environment,
especially since hundreds of square kilometres of deposit areas are exposed to moving air, which
directly carries free dust particles into the breathable layer. The micro particles of dust from the area
of thousands of square kilometres of surface mines in Germany, Poland, and the Czech Republic
are issued by the movement of air directly into the layers of breathable air to air pollutants, such as
particulate pollutants causing smog situation, not only in their countries of origin, but also in Slovakia.

Coal mining needs to be disrupted and relocated, because it is 10 times more overburdened than
the coal itself. When mining 34 million tons of coal per year, 340 million tons of overburden is moved,
while using the dunes and open conveyor belts. When processing and transporting, the moving air
generates very dangerous solid pollutants that are emitted from the overburden layer in millions of
tons. This dust type can reach the share even more than 1%.

Appendix A (Table A1) presents a list of selected sources of electricity production of the Slovak
power system. The installed power, production, own electricity consumption, and emissions in 2017
are updated by expert estimation for 2018. For non-emission electricity producers, a negative emission
value is shown in the table, which represents the saved CO, emissions. The biggest savings are in the
nuclear power plants (about 14 million tons of CO,) and hydropower plants (4.2 million tons of CO5).
Electricity production in Slovakia is associated with the annual CO, emission of 8.2 million tons of CO;,
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representing 324 kg/MWh. The utilization of the electricity in Germany and in the Czech Republic is
estimated to be more than 700 kg/MWh in 2018. Electricity utilization in Poland is estimated to be
about 1000 kg/MWh. With such utilizations, the development of electro mobility in power production
would cause an increase in greenhouse gas production.

7. Conclusions

Energy security is being tackled under the influence of energy in social life and in the economy,
particularly in the liberalization of energy markets, in diversification and in resource efficiency, and
in procedures that multiply competition in energy markets. More broadly, there are national and
international measures to ensure stable energy supplies at affordable and stabilized prices, but also
to guarantee the protection of critical energy infrastructure and to demonstrate state readiness to
effectively respond to potential crisis. Since energy is one of the factors that determine the inputs into
production and thus production costs, rising energy prices are multiplying pressures on producers,
reducing profit. Therefore, it is necessary to secure energy resources in a liberalized market at acceptable
prices in the interests of economic development.

From this point of view, the aim of this article was to summarize the information on EU and Slovak
energy and environmental legislation, describe the current energy sources that are used for electricity
production, current state of electricity production, consumption, and end user prices development.
This information was also supplemented with information on heat production from energy sources and
environmental consequences of lignite completed with information on the environmental consequences
of electricity production using lignite (surface mining) as an energy source.

The data and charts used in the article come from publicly available sources.
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Appendix A
Table Al. List of selected sources of electricity production within the Slovak electrical system. (Source:
[31,32]).
Installed Electricity Own . - -
Source Power Supply Consumption Emissions Emissions Emissions
(MW) (MWHh) %) CO; (1) NOx (1) SOy (t)

Diesel generator station Levice 32.000 0 0 0 0
Diesel generator station Moldava 32.000 0 0 0 0
Diesel generator station Sucany 32.000 0 0 0 0
Diesel generator station PPC Trakovice 10.000 93 19.33 104 0 0
Diesel generator stations 106.000 93 19.33 104 0 0
Nuclear power plant Bohunice 1000.000 7,059,256 6.88 —7,294,478 X X
Nuclear power plant Mochovce 940.000 7,000,331 6.67 —6,752,350 X X
Nuclear power plants 1940.000 14,059,588 6.77 —14,046,828 X X
Hydroelectric power plant Orava 21.750 26,893 1.02 —24,454 X X
Hydroelectric power plant Tvrdosin 6.100 11,205 4.37 -10,545 X X
Hydroelectric power plant Cierny Vah 735.160 234,765 1.32 —214,125 X X
Hydroel. power plant Liptovska Mara 198.000 103,967 1.89 —-95,377 X X
Hydroelectric power plant Krpelany 24.750 55,475 1.94 -50,913 X X
Hydroelectric power plant Sucany 38.400 78,117 1.06 —71,060 X X
Hydroelectric power plant Lipovec 38.400 70,422 1.35 —64,245 X X
Hydroelectric power plant Zilina 72.000 142,641 0.63 —-129,195 X X
Hydroelectric power plant Hricov 31.500 53,442 0.31 —48,246 X X
Hydroelectric power plant Miksova 93.600 154,285 0.53 -139,598 X X
Hydroelectric power plant P. Bystrica 55.200 93,793 0.91 —85,185 X X
Hydroelectric power plant Nosice 67.500 143,161 0.26 -129,180 X X
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Table A1. Cont.

Installed Electricity Own . - .
Source Power Supply Consumption Emissions Emissions Emissions
(MW) (MWHh) %) COy () NOx (V) SOx ()
Hydroelectric power plant Ladce 18.900 78,650 1.07 71,549 X X
Hydroelectric power plant Ilava 15.000 73,292 1.26 —66,808 X X
Hydroel. power plant Dubnica/Vahom 16.500 72,605 111 —66,076 X X
Hydroelectric power plant Trencin 16.100 69,433 0.29 —62,669 X X
Hydroelectric power plant Kostolna 25.500 96,867 1.26 —88,297 X X
Hydroel. power plant N. M./Vahom 25.500 98,271 0.47 —88,862 X X
Hydroel. power plant Horna Streda 25.500 97,937 1.42 —-89,414 X X
Hydroelectric power plant Madunice 43.200 127,370 0.95 -115,730 X X
Hydroelectric power plant Kralova 45.060 96,182 0.21 —86,747 X X
Hydroelectric power plant Ruzin I. 60.000 55,038 2.36 -50,732 X X
Hydroel. power plant V. Kozmalovce 5.320 9834 417 -9236 X X
Hydroelectric power plant Domasa 12.400 9211 1.66 8429 X X
Hydroelectric power plant Dobsina 1. 24,000 27,688 1.96 —25,418 X X
Hydroelectric power plant Gabcikovo 720.000 1,430,006 1.02 -1,300,331 X X
Hydroelectric power plant Cunovo 24.280 109,706 2.33 -101,094 X X
Small hydroel. power plants < 5.0 MW 79.380 968,044 3.92 —906,786 X X
Hydroelectric power plants 2539.000 4,588,301 1.69 —4,200,300 X X
Solar power plants 530.000 609,000 0.00 —548,100
Waste incinerator OLO Bratislava 6.300 35,350 23.71 -125,102 163 642
Waste incinerator Kosit Kosice 6.000 33,096 25.79 —120,409 157 618
Municipal waste 12.300 68,446 24.73 —245,511 321 1260
CHP source, Bioenergy, s.r.o. Bardejov 8.200 69,067 0.00 -111,889 162 0
CHP source, Bioenergy, Topolcany 8.200 69,410 0.00 —99,488 148 0
CHP source, Bukocel a.s. Hencovce 18.000 59,915 14.19 —228.513 341 0
CHP source, Energy Edge ZC, Zarnovica 11.000 97,257 15.00 —-106.792 273 0
CHP source, Martinska teplarenska 9.000 12,227 15.16 —45,779 68 0
CHP source, Mondi SCP 137.600 500,979 15.00 —2,340,213 3058 0
CHP source, Zvolenska teplarenska 5.000 36,515 3.92 —90,642 188 0
CHP source, Chemes Humenne 24.000 50 15.99 -180 0 0
CHP source, DALKIA Ziar nad Hronom 15.000 21,138 34.91 —85,963 144 0
Another biomass 236.000 866,559 13.09 —3,109,459 4384 0
Biofuel 105.000 603,500 6.00 —1,059,300 324 0
CHP source, Bukocel a.s. Hencovce 1.600 1394 14.19 2753 8 3
CHP source, Martinska teplarenska 33.000 37,284 15.16 21,739 208 342
CHP source, Zvolenska teplarenska 35.000 39,373 3.92 91,613 239 664
CHP source, Zilinska teplarenska 49.768 96,485 9.18 243,765 683 268
Brown-coal fired Elektrarne Novaky 266.000 1,479,820 10.85 1,656,771 1546 2568
Lignite 385.368 1,654,356 10.71 2,016,641 2684 3845
CHP source, CMEPS, Slovnaft 89.000 288,922 21.83 764,693 1124 442
CHP source, Chemes Humenne 24.000 743 15.99 2357 4 2
Heavy fuel oil 113.000 289,664 21.81 767,051 1125 443
CHP source, Chemes Humenne 24.000 11,858 15.99 45,204 71 269
CHP source, Teplaren Kosice, a.s. 65.000 152,510 8.33 416,555 656 2482
CHP source, Teplaren USS Kosice 67.000 340,956 16.00 1,034,027 1627 6160
CHP source, DALKIA Ziar nad Hronom 10.000 6605 3491 32,496 51 194
Brown-coal-fired Elektrarne Vojany SE 220.000 376,998 11.65 537,655 155 3562
Hard coal 386.000 888,927 13.13 2,065,937 2560 12,667
CHP source, Chemes Humenne 24.000 3477 15.99 5362 14 0
CHP source, Teplaren Kosice, a.s. 56.000 94,832 8.33 192,979 408 9
CHP source, Teplaren USS Kosice 45.000 23,517 16.00 54,403 112 2
CHP source, Mondi SCP, a.s. 3.336 52 15.00 119 0 0
CHP source, DALKIA Ziar nad Hronom 4.400 5294 34.91 10,537 28 1
CHP source, BAT - Teplaren Vychod 24.500 77,525 9.12 259,321 516 11
CHP source, BAT - Teplaren Zapad 25.000 39,358 8.08 125,971 251 5
CHP source, GT Teplaren Radvan 5.200 16,198 0.89 30,490 64 1
CHP source, GT1 6.300 46,944 1.18 92,311 190 4
CHP source, KG] TEDOM 2.606 10,045 8.74 21,390 44 1
CHP source, PPC Investment Bratislava 217.960 1354 1.90 2683 6 0
CHP source, PPC Energy Bratislava GT 58.000 260 5.27 533 1 0
CHP source, PPC Levice 87.000 329,590 4.07 649,854 1362 29
CHP source, PPC Povazska Bystrica 57.966 258,131 6.00 249,213 494 11
CHP source, Energochem SVIT 11.970 58,461 3.22 63,804 127 3
CHP source, Zilinska teplarenska 49.768 172 9.18 392 1 0
CHP source, CGU, totally 108 sources 85.000 350,800 4.41 326,336 658 14
Dante Power Plant 50.000 1581 0.00 901 4 0
Natural gas 814.006 1,317,593 5.60 2,086,599 4281 92
CHP source, Teplaren USS Kosice 85.000 426,355 16.00 1,293,017 2035 7703
Metallurgic gases 85.000 426,355 16.00 1,293,017 2035 7703
Energy sources of the ES SR 7245.674 25,339,286 6.81 8,229,349 12,688 24,751
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Abstract: India accounts for six per cent of the world’s primary energy consumption. Rapid
urbanization and rapid urban population growth have had a serious impact on energy consumption
and subsequent carbon emissions. In particular, cities face a complex and interrelated set of challenges
across different sectors (building environment, mobility, water and waste management and public
services). Re-examining these challenges by integrating smart energy management (SEM) principles
is critical for sustainable and low-carbon urban development. In addition, managing energy footprint
is one of the most challenging goals for cities, and as existing cities evolve and transform into smart
cities, SEM becomes an integral part of the urban transformation. This article comprehensively
reviews the different SEM technologies for different sectors (construction, transportation, public
services, water and waste), the policies, and the current challenges and opportunities for SEM policy
governance in India. Making urban energy smart can manage a city’s energy footprint and have a
positive impact on future carbon emissions.

Keywords: smart cities; smart energy management; India; energy efficiency; low-carbon mobility;
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1. Introduction

1.1. Background

India is rapidly urbanizing. Urban development is one of the main drivers of energy demand
and consumption. The nation accounts for 18 per cent of the world’s population and 6 per cent of
global primary energy consumption [1]. India’s urban population is expected to grow from 31.6 per
cent to 57.7 per cent by 2050, with additional impacts on energy consumption and carbon emissions [2].
The task of managing and reducing energy demand, energy consumption and energy-related carbon
emissions is often a challenge for urban planners [3,4].

In this context, it is important to address urban challenges such as sustainable transportation, access
to reliable and clean energy, green and resilient infrastructure, and waste management through the
principles of smart energy management (SEM). In particular, there is a need to integrate SEM principles
in different sectors, such as buildings, transport, water, waste and public services, to reduce carbon
emissions and achieve sustainable development goals (SDGs). This integrated SEM will also ensure
the optimal utilization of available resources and reduce reliance on unsustainable energy sources.

To this end, The Energy and Resources Institute (TERI) and the University of New South Wales
(UNSW) organized Australia-India knowledge exchange workshops on “Smart Energy Management
for Sustainable Cities” in Sydney and Delhi. Sectoral experts and urban practitioners from local urban
institutions, policy think tanks, academia and research institutions, as well as industry participated in
the workshops. Through panel discussions chaired by sector experts, participants considered the way
forward for integrated SEM in Indian cities. This paper combines the main results of the workshops and
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a comprehensive literature review to introduce the state of policy on SEM in India. It highlights SEM
governance, SEM strategies and initiatives in different sectors, and potential challenges, drivers and
opportunities for SEM in India. The review will contribute to knowledge creation and understanding
on the SEM policy landscape in India.

1.2. The Definition of SEM

In order to build an understanding of SEM, it is important to first become familiar with the concepts
and principles of energy management. Energy management can be defined as the science of planning,
guiding, and controlling energy supply and consumption to maximize productivity and comfort, and
minimize energy costs and pollution [5]. Simply put, energy management involves the conscious, wise
and efficient use of energy. Energy management also requires the process of monitoring, controlling
and saving energy, optimized energy utilization, management of energy resources, and active energy
efficiency. With the rapid expansion of India’s urban areas, managing the energy footprint is becoming
a challenging target for cities. Therefore, energy management has recently become an integral part of
urban transformation.

Taking into account local resources and the needs of stakeholders, smart cities are expected
to become more autonomous and manage their energy footprints more effectively. In this paper,
SEM entails energy management as an important component of smart cities. A smart city is a sustainable
and efficient urban centre designed to provide a high quality of life for its residents by optimizing
resources [6]. In this article, SEM is defined as follows:

“Smart energy management is a component of smart city development aiming at a site-specific
continuous transition towards sustainability, self-sufficiency, and resilience of energy systems,
while ensuring accessibility, affordability, and adequacy of energy services, through optimized
integration of energy conservation, energy efficiency, and local renewable energy sources.
It is characterized by a combination of technologies with information and communication
technologies that enables integration of multiple domains and enforces collaboration of
multiple stakeholders, while ensuring sustainability of its measures.” [7] (p. 57)

The mainstreaming of SEM involves the integration of energy technology systems,
enabling policies, strategies, institutional change, awareness, training and capacity-building
programmes, energy conservation measures and energy audits.

2. SEM Policy Governance in India

The Government of India (Gol) has been developing policies and programmes to guide the
mainstreaming of SEM into urban planning. To meet citizens’ energy needs and reduce carbon
emissions, the Indian government has adopted a two-pronged approach, focusing on supply and
demand. In the area of power generation, the focus is on greater use of renewable energy (solar and
wind). In the current policy landscape, the impetus to reimagine national energy supply and demand
management through technological advances is in place. In addition, in accordance with the intended
nationally determined contributions (INDCs), a strategy has been developed to reduce the emission
intensity of the GDP by 33-35 per cent by 2030 from 2005 levels and to achieve 40 per cent fossil-free
power generation capacity by 2030 [8]. On the demand side, efforts are being made to improve energy
efficiency through innovative policy measures that fall within the scope of the Energy Conservation
Act of 2001. In this section, some of the key SEM policies are discussed.

2.1. The Energy Conservation Act (EC Act), 2001, and Amended in 2010

The Energy Conservation Act 2001 (EC Act), as amended in 2010, was enacted by the Ministry
of Electricity (MoP) to reduce energy intensity. In 2002, the Bureau of Energy Efficiency (BEE) was
established as the central statutory body for the implementation of the EC Act. The Act regulates
the Energy Conservation Building Code (ECBC), standards and labelling of equipment and electrical
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appliances, and energy consumption norms for energy-intensive industries. It is estimated that energy
consumption through the implementation of the ECBC will be reduced by at least 50 per cent by 2030.

In addition, the Act requires the Gol and BEE to promote energy efficiency in all sectors. The law
also requires designated agencies at the state level to enforce the law and improve energy efficiency.
Through the Act, the BEE has launched a series of energy-saving initiatives in the areas of home lighting,
commercial buildings, standards and home appliance labels. For example, the Energy Efficiency
Labeling Program is designed to reduce equipment energy consumption without compromising on
performance. The law also sets minimum energy standards for new commercial buildings across India.

2.2. National Mission on Enhanced Energy Efficiency, 2010

The National Mission on Energy Efficiency (NMEE), launched under the National Climate Change
Action Plan on Climate Change (NAPCC), was launched under the EA 2001. The Energy Efficiency
Services Limited (EESL), established as a business entity under the mission, provides market leadership.
The goal of the NMEEE is to meet the country’s energy needs and provide energy efficiency. During
the full implementation phase, the NMEEE intends to save approximately 23 million tons of fuel
per year and reduce carbon emissions by 95.55 million tons per year [9]. The first cycle of the
Perform, Achieve and Trade (PAT) initiative (2012-2015) reduced carbon emissions by 31 million tons,
or about 1.93 per cent of India’s total emissions [9]. While the BEE recognizes the NMEE as one of
its key tasks, PAT entails effective investment mechanisms and financial instruments, such as energy
efficiency certificates. In addition, the mission pays greater attention to inter-sectoral linkages and
close coordination between energy demand and supply sectors.

2.3. National Mission for Sustainable Habitat, 2010

The National Mission on Sustainable Habitat (NMSH), envisaged in the NPACC, aims to integrate
climate change adaptation and mitigation into urban planning. This is achieved by improving the
energy efficiency of buildings, managing solid waste and switching to public transport. The code
estimates that energy consumption will be reduced by 50 per cent by 2030. In line with this mission,
BEE has also developed energy efficiency design guidelines for multi-storey residential buildings in
composite and hot and dry climates. In the area of green buildings and energy efficiency, a green
building code has been incorporated into the workbook of the Central Works Department (CPWD).
Draft building by-laws were also published to help state and territory governments incorporate their
necessary provisions into their respective building by-laws. A number of activities envisaged under the
NMSH were included in the Atal Recovery and Urban Transformation Mission (AMRUT). Examples
include the implementation of pedestrian, non-motorized and public transport facilities, as well as the
establishment and upgrading of urban green space, parks and recreation centres.

2.4. National Solar Mission, 2010

The National Solar Mission (NSM), launched under the NAPCC, envisages a comprehensive
strategy for phased development of grid-connected and off-grid solar applications. According to the
Ministry of New and Renewable Energy (MNRE), the aim is to provide an enabling environment
for the penetration of solar technology in the country. The initial goal of the NSM was to generate
20 gigawatts (GW) grid-connected solar power. In 2014, the target was upscaled from 20 GW to 100 GW
by 2022. It has separate goals and targets for solar cities, solar water heating, solar street lighting,
solar cooking, refrigeration and other off-grid applications and rooftop systems. The Solar Cities
programme is designed to incentivize each city to reduce projected demand for traditional energy by
at least 10 per cent within five years.

2.5. Smart Cities Mission, 2015

The Ministry of Housing and Urban Affairs (MoHUA) launched the Smart Cities Mission in 2015
to address governance and infrastructure concerns of the growing urban population of cities and
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to promote quality of life. By integrating the internet of things (IoT) technology, the mission aims
to integrate smart technologies in different sectors to achieve sustainable urban development in an
energy-efficient and cost-effective manner. The smart city proposals entailed two major aspects: (1) a
pan city project, which includes information and communication technology (ICT) solutions such as an
integrated traffic management system (ITMS), automated city level waste collection, e-governance
and rooftop solar panels in government buildings; and (2) an area-based development (ABD) project,
wherein a small area within the city is identified and is developed with identified smart solutions for
improving its infrastructure, which then becomes a prototype for other parts of the city. The mission
aims to create energy efficient urban spaces to reduce the burden on existing resources. As per the
mission guidelines, 80 per cent of the buildings in the smart cities need to be energy efficient with a
‘green building” design and 10 per cent of a smart city’s energy demand should be met by solar energy.

2.6. Draft National Energy Policy, 2017

The National Energy Policy (NEP) prepared by NITI Aayog focuses on energy access for all,
reducing dependence on fossil-fuel imports, promoting low-carbon development and sustainable
economic growth. Considering energy is handled by several ministries, this policy aims to achieve
national energy objectives through coordination between different ministries. The NEP aims to
mainstream energy technologies and provide consumers with energy choices and prepare the Indian
economy to be ‘energy ready’ by 2040.

Demand-based strategies relevant to integrating energy management for sustainable cities have
been proposed under the NEP for transport, buildings and household (cooking) sectors. Under
the transport sector, strategies such as transit oriented development, modal shift to rail-based mass
transport systems, promotion of electric and hybrid vehicles, and ICT solutions have been proposed.
Under the buildings sector, a shift towards energy efficient building materials, enforcement of ECBC,
better urban planning, adoption of high efficiency lighting technologies and appliances, and under the
housing sector, a shift towards modern fuels for cooking and improvement in the efficiency of cooking
fuels and stoves has been proposed.

2.7. Draft National Cooling Action Plan, 2018

India mostly experiences a tropical climate and with its cities undergoing rapid urbanization,
cooling requirements are projected to rise by 2.2 to 3 times (2017 baseline) in the next decade [10].
The implications of this increase will be significant through increased power generation capacity,
peak load and carbon footprint. It is against this background that the Ministry of Environment,
Forests and Climate Change (MoEFCC) has developed a draft National Cooling Action Plan (NCAP).
The NCAP aims to promote sustainable and intelligent cooling practices across the country over the
next 20 years. It covers cooling growth scenarios and strategies, transportation cooling, cold chain and
refrigeration, air conditioning and refrigeration technologies, service sectors, and cross-cutting policies
and regulations.

3. SEM in Different Sectors

Cities are complex ecosystems that cover a wide range of sectors, including construction,
transportation, water, waste and public services. To understand the potential of integrated SEM
for Indian cities, the workshop in Delhi focused on identifying challenges and opportunities for the
adoption of SEM. Discussions focused on existing policies and strategies applicable to different sectors.
Building on the results of the workshop and further comprehensive literature review, this section
identifies SEM solutions and strategies for each sector, as well as the challenges for the adoption of
SEM in Indian cities.
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3.1. Enhancing Sustainable Enerqy Management of Buildings

Old or new, public or private owned, commercial or residential, single or multi-occupant buildings
are facilities where people live, work, and play. They form the landscape of a city and are home
for its people. At the same time, buildings are the largest energy consumers. Buildings account for
over 40 per cent of India’s energy consumption—this will soon increase to nearly 60 per cent [11].
In buildings, energy services such as cooling, heating, hot water, lighting, electricity and natural gas are
used daily for the safety and comfort of the occupants. These facilities account for three quarters of total
Greenhouse Gas (GHG) emissions in urban areas. [6]. As a result, cities need to make energy-efficient,
smarter, greener and sustainable buildings.

The main objective of SEM solutions in buildings is to minimize the environmental impact of
various energy services on the building lifecycle and reduce energy costs [7]. They should be able to
optimize energy consumption and demand, manage occupant comfort, and help create household
energy independence that will help sustain the grid (ibid.). SEM solutions in buildings fall into three
categories based on their applicability: (i) solutions that address energy consumption by providing
efficient control of building energy systems; (ii) solutions that deal with energy demand response; and
(iii) solutions that integrate solar passive design and sustainable materials [6].

By integrating energy generation, storage, distribution, and automation, the solutions in the first
approach provides greater comfort, functionality, and flexibility. In fact, optimizing operations and
managing can save 20 to 30 per cent of building energy without changing system structure or hardware
configuration (ibid.). Within this approach, variable speed chillers, home temperature automation
control systems and adaptive fuzzy comfort controllers are the latest focus of smart heating, ventilation,
and air conditioning (HVAC) systems efforts. Lighting controls and features such as appliance control
gears, day lighting integration using building information modeling (BIM) tools, occupancy sensors,
fixtures with photometric characters, and light-emitting diode (LED) lamps are common smart lighting
solutions [12].

Demand response is another approach. Generally, most buildings are passive consumers of
energy. However, in order to achieve the expected energy objectives, the role of buildings must be
transformed from passive and unresponsive energy users to active participants in energy systems [13].
This paradigm shift can be achieved through micro-grids, demand response schemes, information
and control systems to manage load and consumption, and energy storage equipment [6]. In the
micro-grid concept, other variants are available according to the size and type of application. Examples
include nanogrids, district energy networks, combined cooling and cooling systems, and medium-scale
microgrids [14].

In a passive systems approach, building insulation, thermal mass, window placement, glass type
and shading are key technologies [15]. Solutions in other approaches are most effective when combined
with building insulation and solar passive solutions.

Some of these smart building energy systems and strategies are already in place in Indian cities.
For example, smart metering, smart grid and energy internet, rooftop solar, net metering, smart lighting,
LEDs, day lighting, and smart HVAC systems are being used to achieve a smart building architecture [16].
However, due to insufficient knowledge and limited expertise [17], many other advanced solutions
(e.g., smart building energy management systems, micro- and nano-grids, home automation controls)
are limited to small-scale or pilot projects. The large-scale application of SEM technologies in buildings
will help engineers, planners, and designers in India to achieve the lowest energy cost targets and zero
environmental impact on the building life cycle [18].

For example, smart metering, smart lighting, smart grids, rooftop solar, net metering, LEDs and
smart HVAC systems are being used to implement intelligent building architectures. However, due to
limited knowledge and expertise, many other advanced solutions (such as smart building energy
management systems, micro and nano-grids, home automation control) are limited to small or pilot
projects. The large-scale application of SEM technology in buildings will help engineers, planners and
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designers in India achieve the minimum energy cost target with zero environmental impact on the
building life cycle.

With the Smart Cities Mission and the mission of harnessing renewable energy, the future of smart
energy technologies in Indian architecture is very bright, and this area will significantly contribute to
the future of the technological revolution. In addition, by deploying smart technologies, conventional
buildings can be transformed into smart energy buildings.

3.2. Improving the Water—Energy Nexus

In order to ensure the effective management of water, the nexus between the water and energy
sectors cannot be ignored. Water is a basic requirement for meeting energy demand and supply.
Evidence shows that thermal power plants account for 87.8 per cent of the country’s total industrial
water consumption [19]. However, the water sector currently faces several problems and challenges
that hinder the effective management of water resources. For example, India accounts for 18 per cent
of the world’s population, but only 4 per cent of its water resources [19]. Due to limited resources,
the per capita water availability is on a decline, which increases resource pressure on the country’s
energy requirements. There is also loss of water in urban supply systems due to inefficient distribution
mechanisms. A major concern in management of the water—energy nexus is that the supply systems
have been functioning independently.

An integrated approach is required to ensure that the energy and water sectors are not managed in
silos. SEM of water generally refers to “a holistic approach to managing this priceless resource, and the
infrastructure systems surrounding its sourcing, treatment and delivery” (Environmental Leader, 2018).
SEM is needed to identify energy utilized for water consumption, supply and distribution—either for
public or private usage. This will improve efficiencies in the water systems and reduce wastage.

Smart technology in the water sector usually consists of four components: (i) digital output
instruments (meters and sensors), which collect and transmit information in real time; (ii) supervisory
control and data acquisition (SCADA) systems, which process information and remotely operate
and optimize systems; (iii) geographic information systems (GIS), which store, manage, and analyze
spatial information; and (iv) software applications, which support modelling infrastructure and
environmental systems by managing and reporting data to improve design, decision making, and risk
management [20].

Water is a significant requirement for coal-based power plants and nuclear power plants, as well
as for renewable energy production. The different stages where water is utilized indispensably include
extraction and refining of fuel and in thermal production of electricity. A reservoir water supply
system helps to optimize water supply levels by estimating demand [21]. Other systems that support
water monitoring are the real-time hydrological data acquisition and processing systems that collect
water levels, water quality, and other relevant data via satellite imaging and other communication
technologies; and the generation integrated operation systems that monitor dam and weir operations
remotely [21].

The energy demand sector includes the agricultural, construction, industrial and household
energy sectors [19]. For example, the percentage of households with electricity supply increased
from 55 per cent in 2001 to more than 80 per cent in 2017 [22]. This scenario reflects the increase in
household energy demand and the consequent water demand. The MoHUA'’s Smart City Mission aims
to implement smart water solutions that collect real-time meaningful and actionable data from existing
water networks [23]. Utilities can use this information to effectively distribute water. The mission’s
emphasis on artificial intelligence (Al), smart sensors, and technologies will improve leak detection by
pinpointing leak locations, eliminate false leak alarms, enhance real-time monitoring of the network,
and improve water quality issues and customer services [23]. An efficient pumping system is a key
strategy to improve household water management. Emphasis on the reuse and recycling of wastewater
in buildings should be supplemented by a decentralized water purification system at the city level.
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To reduce the energy footprint of water and minimize wastage, Indian cities have begun to
take some measures. The efficiency of water pumping systems is being improved in cities with
appropriate rationalizing and pricing mechanisms. In Bengaluru, some apartment buildings have been
built with smart water metering, which facilitates hourly water tracking and remote management of
leaks [24]. The Indian Green Building Council’s (IGBC) green cities rating system provides incentives
to reduce water consumption and aid reduction by metering and monitoring water consumption.
Alternative energy sources are also being utilized in high-water-consuming sectors. For example,
solar energy is being used for electricity generation to ease the burden of water-intensive thermal
power production processes.

In order to integrate SEM into the water sector, several factors need to be considered. Some of
the challenges facing the water sector are the lack of proper metering, wherein the true cost of water
prices is not calculated. An evaluation and water pricing mechanisms to measure the efficiency of the
water systems (e.g., pumps) are rare. The automation of the water systems is very limited. The limited
capacity of a household to heat water at any time (e.g., sun availability) is a challenge for renewable
energy in the water sector. In addition, spatial, temporal and socio-economic changes and other
political conditions can affect water availability. With the help of SEM practices, water and energy
losses are likely to decrease and the efficiency of the water system can be improved.

3.3. Achieving Smart and Low-Carbon Mobility

Transport plays a pivotal role in the development of a country. A transportation network fosters
passenger and freight movement across the country, thereby increasing national productivity and
socio-economic growth. The increase in transport demand has made the transport sector one of the
most energy- and carbon-intensive sectors in India. The transport sector accounts for 24 per cent of
total energy consumption [25]. On the other hand, the sector accounts for 13.2 per cent of the total
carbon emissions [26]. With growing concern about energy security and climate change, it is now
recognized that the transport sector should reduce its reliance on fossil fuels, energy consumption and
carbon footprint.

The energy consumption and carbon emissions of the transport sector are typically determined by
factors such as vehicle efficiency, vehicle use and distance travelled, fuel and energy types, and overall
system efficiency of transport infrastructure [27]. To promote energy-efficient and low-carbon
growth in the road transport sector, the Gol has introduced several policies and programmes across
passenger and freight segments. The main focus of the policies in this transport segment is on the
improvement of vehicular technology through the implementation of progressive fuel efficiency norms
and electrification.

With an objective to promote energy efficient low-carbon growth of the road transport segment,
the government has introduced two major programmes: the Vehicle Fuel Efficiency Program and the
National Electric Mobility Mission Plan (NEMMP) 2020. These are applicable for both passenger and
freight road transport in India and are being implemented in a phased manner. Under the Vehicle
Fuel Efficiency Program, the implementation of fuel economy standards is an effective regulatory
instrument to reduce the average fuel consumption of vehicles. In 2017, the Ministry of Road Transport
and Highways (MoRTH) came up with the first set of fuel economy norms for light duty vehicles
(LDVs) in the passenger segment. These standards are based on the corporate average fuel economy
(CAFE) norms and define the targets in terms of fuel consumption in liter/100 km.

Under the NEMMP, launched in 2013, the Faster Adoption and Manufacturing of (Hybrid and)
Electric Vehicles (FAME) scheme was launched in 2015 by the Ministry of Heavy Industries and Public
Enterprises to incentivize the production and promotion of electric vehicles (EVs). In addition to
the private vehicle segment, the government has introduced EVs in multimodal public transport.
In 2017, Nagpur became the first city in India to launch an electric mass transit project in India. A fleet
of 200 electric vehicles (100 electric taxis and 100 e-rickshaws) was procured, and a cab aggregator
provided the service platform for running the e-vehicles. Furthermore, several mobility solutions
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such as a public bicycle sharing scheme, intelligent transport management systems, electric feeders
for last/first mile connectivity, integrated transport management platforms, and development of ICT
applications have been proposed by several smart cities within the Smart Cities Mission.

The future of low-carbon transport should be highly efficient electric cars running on renewable
electricity, a shift from private cars to public transport, better urban planning and investment in options
that promote non-motorized transport (NMT) such as cycling and walking. In addition, the current
electricity grid infrastructure will need to be reinforced if a significant level of transport electrification
takes place. As the transport sector has implications on various other sectors, a cross-sectoral approach
that incorporates reviewing the economic and environmental feasibility of sustainable mobility options
should be undertaken. To achieve sustainable and low-carbon mobility in cities, the challenges
highlighted in the discussions were the need for contextualized transport choices, informed decision
making by policymakers, and sensitization of policy to citizens.

The recommendations suggested in the discussions included the promotions of cab
aggregators/service providers such as Ola and Uber, provision of subsidies for EVs, and support
for NMT options such as trams, as observed in various European countries. Cities also need to
promote innovative solutions using ICT and efficient data and energy management. Policies for the
transport sector should not be developed in isolation. Policy inputs from all sectors need to be taken
into consideration.

3.4. Optimizing Waste Management Processes

From 2000 to 2015, the urban population of India almost doubled, while the amount of waste
generated by the population increased by 2.5 times [28]. In addition, while the urban population
has an annual growth rate of 3-3.5 per cent, urban waste generation is expected to increase by 5 per
cent per year [29]. In this scenario, solid waste management is a major concern for cities. It is
estimated that India’s waste generation will reach 436 million tons by 2050 [30]. Effective waste
management requires data management and integration at different levels, promoting the private
sector and developing linkages between different sectors. Further, municipalities will need to focus on
developing institutionalized and environment-friendly mechanisms to support proper waste disposal
and better quality of life.

Intelligent energy management solutions that convert waste into useful energy can reduce the
amount of waste generated and optimize the waste management process. A typical waste-to-energy
(WHE) plant usually requires a minimum input of 300 TPD solid waste so as to make the system
economically viable [16]. If large amounts of urban waste generated can be converted to energy, it can
reduce the burden on conventional energy sources and the need for open space to dump unrecyclable
waste. By 2050, India’s WtE potential is estimated to become 556 megawatts (MW). However,
these plants require diligence, adequate supply of quality waste, market infrastructure, and technical
capacity [30]. Through proper support and the provision of smart technologies, municipalities can
develop an active energy generation sector that has co-benefits for other sectors.

Effective technologies can be used for SEM in different areas of waste (collection, processing, and
disposal). For example, radio frequency identification (RFID) technology, global positioning system
(GPS) routing systems, and vacuum systems can reduce the time and effort spent on collection [31].
In waste treatment facilities, mechanical biological treatment and refuse-derived fuel (RDF) facilities
ensure proper disposal of hazardous waste [31]. Moreover, sanitary landfills, bioreactor landfills,
and solar integration mechanisms are treatment technologies that help convert excess waste into
profitable energy [31].

The informal waste recycling industry is the entry point for introducing innovative and smart
solutions. For example, intelligent recycling solutions ensure that informal waste sorting methods,
such as manual rag-picking at landfills before the segregated waste is sent to recycling plants, are not
only technically more advanced but also faster and safer to use for the workers. As a way forward,
a smart waste management plan needs to be supported with the concept of circular economy.
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According to Swachh Bharat Mission (Urban) data for 2018, 43 per cent of the total urban wards
in India are now segregating their waste at the source [32]. In 2017, door-to-door collection coverage
increased from 53 to 80 per cent [32]. In cities such as Panaji, Indore, Mysore and Muzaffarpur, there is
a waste separation system, wherein separated waste is brought to the processing center [33]. Then,
compost is made from wet waste, while only inert waste goes to the landfill. Sambyal [29] elaborates
that Alappuzha in Kerala prioritizes segregation and reuse of waste at the household level, making it
one of the cleanest cities in India.

It has accomplished decentralized waste management; 80 per cent of the households now own
biogas plants and pipe composting systems. As part of the Clean Home Clean City programme,
Alappuzha launched Thumburmuzhi in 2013, a model aerobic composting plant that composts animal
carcasses [29].

A key challenge facing the waste sector in India is the need to increase manpower at the
collection level. Waste segregation is an important obstacle and remains a daunting task. Despite
the existing intelligent mapping and routing technologies, the segregation of waste, especially at the
household level, is still limited. The sector requires a higher utilization of economical and user-friendly
technical solutions.

Another core issue in the sector is the lack of accountability and transparency. Due to the limited
knowledge of stakeholders (sometimes corruption) and the lack of innovative solutions, the methods
used are not the optimal for effective waste management. Therefore, it is important to develop capacity
building and awareness programmes for authorities and relevant citizens to respond to behavioural
changes and incorporate smart practices into the waste management sector.

3.5. Enhancing Efficiency of Public Service Delivery

A range of urban public services such as street lighting, security management, video-surveillance,
weather systems, and communication infrastructure provide safety, security, and information for
citizens, while increasing the cities’ competitiveness [34]. These public services need to be integrated
with smarter, more energy efficient, and more innovative solutions for better service operations,
management, and governance.

A range of urban public services, such as street lighting, security management, video surveillance,
weather systems, and communications infrastructure, provide security, safety and information to
citizens, while improving cities, combined with smarter, more energy-efficient, and more innovative
solutions for better service operations, management, and governance.

SEM in public services helps city governments and utilities maintain and improve energy use,
and to maximize the efficiency and quality of city services. Three different types of SEM solutions exist
in the public services sector: (i) solutions that conserve, control, and monitor energy generated and
distributed by utilities; (ii) solutions that store energy generated by customers or third-party members
or the utility grid; and (iii) solutions that generate energy from natural resources, thereby creating
relative or total energy independence from the grid [6].

A smart grid is an important technology for delivering utility-scale power to industrial, commercial,
and residential areas in an efficient, reliable and safe way [6]. It consists of an independent energy
network capable of exchanging electricity and operating systems in real time [6]. A micro/macro-scale
smart grid can not only reduce energy loss, but also improve the utilization of renewable energy
sources [35]. Smart substations and smart metering are the next steps in this direction.

Evidence suggests that smart substations [36] and advanced metering infrastructures [37] have
improved the continuity of distributed supply and have had a positive impact on energy efficiency.
Energy storage solutions (ESS) are used to store different types of energy (e.g., electricity, heat, kinetic
energy). In urban public services, ESS can be used to integrate renewable energy and support
demand-response plans. An important advantage of ESS is that customers or third-party energy
producers can store energy from the utility grid during a lower price period and use it during a
higher price period. Recent advances in energy storage technology include batteries, supercapacitors,
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flywheels, hydrogen fuel cells, compressed air storage, thermal storage, and mixed ESS [6,38].
Key applications of these technologies include battery-based grid systems, micro-grid and small-scale
renewable energy technologies, and smart charging plug-ins for electric vehicles.

Finally, it is important to note that one of the goals of smart cities is to gradually migrate their
electricity, thermal and data infrastructure to a complete renewable energy based systems [39]. Cities
need to localize electricity consumption, provide low-carbon heating and cooling, and recycle energy
and resources to maximize efficiency. Solutions that support this approach include solar photovoltaics
(e.g., grid-connected, off-grid), solar collectors, centralized solar power plants, small and utility-scale
wind turbines and geothermal energy. Other non-renewable resources with less impact, such as
combined heat and power (CHP) and natural gas and biomass power generation, can better replace
conventional power generation.

Local governments in India have been implementing smart energy strategies in public services.
For example, district regional cooling systems, smart grids, smart metering, net metering and renewable
energy integration are being planned or already used [16]. However, the lack of effective policies and
regulations at the central, state and municipal levels, as well as inadequate guidelines, standards and
business models, are obstacles to the large-scale use of widely available public service-based SEM
technologies (e.g., energy storage, smart micro-grids). Integration of information modelling into urban
management infrastructure (climate monitoring stations, lighting and power outage management
controls, underground utility monitoring infrastructure, and data and communications management
stations) is another key thrust area.

Following the recent announcement of 100 per cent electrification, Gol is making every effort to
provide a reliable 24X7 of electricity to all its citizens and to promote reliable and transparent delivery
mechanisms. In addition, with the launch of the Smart Cities Mission, hydropower, transportation,
telecommunications and disaster management organizations are adopting the latest technologies to
improve operational efficiency. Applying SEM solutions in public services can help achieve urban
management goals through efficient distribution and transmission planning, utility transformation,
and technology transformation [7].

Figure 1 presents a summary of key SEM solutions in different sectors, and Figure 2 presents the
key challenges for SEM in different sectors.

*Connection to *Real-time data *EV charging *Waste-to-energy *Smart sensors
the smart grid acquisition & infrastructure & conversion Public safety
eImprove air monitoring supervision eIntelligent oVideo
conditioning *Smart metering services monitoring of surveillance
system oI eak detection Shift vehicle general waste *Digital city
eImprove lighting oEfficient technology - EVs eSmart Waste bins services
systems & pumping &HEVs eDynamic ePublic street
controls systems *Intelligent traffic management and lighting
eImprove heat eIntegrated management routing management
recovery & operation system SjsEmE #Smart recycling eSmart District
storage sPower, control & OTclli.ng'& facilities Heating &
*Hybrid security systems cmggshon eBiological & Cooling
ventilation integration charging advanced s Automated
systems sWater treatment sIntegrated thermal distributed
*Adaptive facade & reuse fadilities mobility, multi- treatment control
systems S lorm Waler & modal & shared eIndustrial heat eRenewable and
*High effidency urban flooding (et . recovery distributed
generators management *Improve p\'xbhc Solar integration energy
eSolar active . generators
solution *Improve Electrical &
transportation thermal energy
infrastructure storage

Figure 1. A summary of key smart energy management (SEM) solutions in different sectors.
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Figure 2. Challenges for SEM solutions in different sectors.
4. Overall Challenges and Opportunities for SEM in India

In addition to the above sectoral challenges (Figure 2), different sectors face a range of cross-cutting
challenges. Overcoming these challenges is necessary to facilitate and accelerate the implementation of
SEM projects. These challenges must therefore be identified in order to allocate efforts and resources
effectively and to reduce the main obstacles.

A range of multidisciplinary policy, management and administration tools and techniques are
available to analyze the viability of policy and process development of SEM. Examples include
from simple policy analysis tools such as SWOT analysis and root cause analysis to more advanced
multi-criteria decision making, metric approach, Kaizen 55 method, and Hoshin Kanri X matrix [40].
However, PASTEL analysis is used in this paper as it outlines a novel approach for addressing the
political (P), administrative (A), socio-environment (S), technological (T), economic (E), and legal (L)
challenges and barriers that constrain the development of SEM in India [41]. The PASTEL analysis
listed in Table 1 contributes to a better understanding of the challenges and implementation barriers
of SEM.

Table 1. PASTEL (Political, Administrative, Socio-environment, Technological, Economic, and Legal)
analysis for SEM in India.

Area Challenges

India lacks long-term and consistent SEM plans and policies. Despite, or perhaps
because of, overlapping policies and complex urban governance arrangements,
SEM governance in India remains fragmented and lacks political commitment
and support on the long term.

Policy

There is a lack of portfolio alignment between different sectors, and lack of good
cooperation and acceptance amongst partners remains a major challenge.
Different actors in the energy ecosystem may have competing aims and objectives.
This poses a cross-sectoral design challenge. Long and complex procedures for
Administrative authorization of project activities, complicated and non-comprehensive public
procurement, difficulties in the coordination of high number of partners and
authorities, and fragmented ownership are major barriers for scaling-up of
projects. Public participation is rare and resources (institutional mechanisms,
human, infrastructure, and skills) to disseminate information are limited.
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Table 1. Cont.

Area Challenges

Government led initiatives, such as demonstration and pilot projects, are needed
for the majority of SEM actions in India. Negative effects of SEM related (e.g.,
solar and wind projects) project interventions on the social and natural
environment may create inertia and interest in people.

Socio-Environment

Procurement businesses, skilled and trained personnel, and proven and tested
solutions and examples are inadequate. Industry interest in SEM projects is

Technol o . . .
echnology limited, voluntary, and without strong influences, as the area is new and full of
risks and planning deficiencies.
Limited access to capital and insufficient external financial support/funding for
projects combined with economic crisis, risks and uncertainty in new
Economy

technologies, and high costs of products and materials remain impediments for
large-scale application of SEM solutions.

The extent of favorable and effective regulations and financial incentives for
Legal/Regulatory innovative and new technologies is insufficient. The lack of consistent regulations
to standardize technologies is a major barrier.

There is a range of actions that governments and policymakers can promote to address
energy-related challenges and achieve successful SEM in cities.

Integrated policy governance and effective decision-making—Energy management has traditionally
been a part of either national or state government policy, while urban development and smart cities
fall under the purview of state and city-level governments. Different stakeholders in different sectors
with competing targets and goals may pose a significant SEM project and process design challenge.
Therefore, the design process of SEM solutions needs cross-cutting initiatives. In addition, as the
relation between energy and urban development becomes stronger, integration of SEM initiatives
into all relevant government policies and operations becomes imperative. This should be supported
by effective decision-making models. Multidisciplinary decision-making tools and techniques offer
a variety of options and can facilitate the process of selecting the best solution within existing
resources and support paradigm flexibility and applicability at any decision-making scale and
variety [40]. Examples of existing decision-making methods for viable policy and process development
include multi-criteria decision-making, process and content-oriented decision-making frameworks,
decision-making matrixes, and qualitative decision-making tools [40].

Better governance will help the central, state governments and other stakeholders involved in
different sectors to better coordinate to improve the effectiveness of energy management in smart
cities-related policy decisions and public participation. SEM can be converged with the existing policy
programmes by (i) establishing an inter-sectoral coordination committee that ensures integration,
cross-referencing and liaison between appropriate organizations in buildings, transport, water and
waste, and public services; and (ii) integration of SEM practices into relevant national and local policies
(e.g., Smart Cities Mission, relevant missions under the NAPCC, urban development plans, building
regulations, and procurement arrangements). Each of these actions can promote accountability and
transparency in the decision-making process, which will contribute to smart energy governance in
smart city development.

Provide better resources and infrastructure for technological advancements—Both human resources,
and equipment, are required for adopting the intended SEM functions in smart cities. Funding
and developing infrastructure for largescale applications of SEM initiatives remain a challenge.
Therefore, governments must focus on innovative financing mechanisms and participation by both
the public and private sectors. Governments should introduce adequate resources to drive informed
decision-making, for investment prioritization in technology development, and to promote the
scaling-up of SEM initiatives.
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Policies and resources to support the ongoing development of new technologies are critical to
facilitating the large-scale application of SEM initiatives in cities. For example, domestic research
and development can reduce the relatively high import and capital costs, increase the potential
sources of revenue for businesses and promote the viability of advanced SEM technologies [42]. Pilot
and demonstration projects are important in proving the feasibility of new technologies. Successful
demonstrations reduce the risk of investing in these technologies and help ensure private investment
in large-scale projects [42]. Examples of technologies that have proven technical feasibility through
small-scale demonstration projects include cogeneration, compressed air energy storage (CAES),
and next-generation battery technologies such as sodium-sulfur batteries and liquid electrolytes
low-cell-based batteries [43].

Develop information, education and communication (IEC) strategies for stakeholder awareness and
engagement—Policies, actions and programmes that increase stakeholder engagement, induce behaviour
change, encourage the adoption of smart energy solutions amongst the home and business stakeholders
and increase education and awareness amongst the public, private sector and other stakeholders are
necessary. Primarily, policies and initiatives that inform the public and stakeholders about the benefits
of SEM can be implemented.

Some of the suggested measures are listed as follows:

1.  Develop and implement a range of fiscal incentives, grants or subsidies, access to finance,
tax breaks, and product rebates can be employed by governments to engage business, industry,
and civil society.

2. Promote media campaigns (TV, radio, press, social media), printed materials (such as brochures,
pamphlets, advertisements, posters, leaflets and electronic newsletters), national campaigns and
competitions, conferences and events, online tools, and websites and exhibitions.

3. Engage business, industry ‘champions’, builders, planners, architects, transport networks,
real estate organizations, energy consultants, and energy managers in enterprises in projects (e.g.,
community organizations in district cooling/heating projects) and outreach programmes.

4. Develop comprehensive guides, compendiums, data bases, and handbooks that bring together
global and national best practices, examples, methodologies, technology solutions, and existing
policies, measures, and programmes.

Establish performance goals for effective implementation and monitoring—The effectiveness of policy
implementation depends on the performance outputs. To this end, governments should set a range
of performance targets and measures to achieve the required outcomes. A long-term performance
framework should be developed to ensure on-going SEM initiatives and intrinsically energy-efficient
and -sufficient new assets. The framework could include specific responsibilities and obligations
for agencies, accountable for managing sectoral policies, setting goals, monitoring performance and
reporting against these goals, and measuring outcomes.

Performance objectives can be majorly of two types: (i) quantitative targets for energy use,
GHG emissions, and renewable energy; and (ii) action-oriented targets (e.g., upgrading designated
facilities and awareness-raising programmes). Performance objectives should be regularly monitored,
analyzed and updated to meet the policy commitments. This information should be used as appropriate
for annual reporting purposes and should include detailed information on each sector.

5. Conclusions

As India’s urban population is expected to grow significantly over the next couple of decades,
there will be huge implications for energy demand and consumption [2]. The task of reducing carbon
emissions and transforming India’s urban centres into energy efficient and sufficient cities requires
integration of smart energy management (SEM) practices in the different sectors. SEM can contribute to
sustainable and resilient energy systems and services by combining affordable and reliable technologies,
active energy efficiency, energy conservation measures, and management of resources. This paper

97



Energies 2019, 12, 3214

provides a comprehensive analysis of the policy structure and challenges and opportunities for SEM in
India. Three main conclusions can be outlined from the review.

First, since the enactment of the Energy Conservation Act in 2001, a series of policy and regulatory
reforms have evolved to support SEM in India. Specifically, the Jawaharlal Nehru National Solar
Mission (JNNSM) and the Smart Cities Mission have been playing key roles in transforming India’s
energy management landscape, transforming the energy sector from its infancy into one of the world’s
largest policy markets.

Second, through the perspectives of different stakeholders involved in the Australia-India
Knowledge Exchange Workshop in India and a comprehensive literature review, key SEM strategies
and challenges in different sectors are discussed. In addition, some PASTEL (Policy, Administrative,
Socio-Environment, Technology, Economy, and Legal) challenges are identified. In addition to reducing
carbon emissions, improving energy security and increasing employment opportunities, addressing
these challenges will help accelerate the spread of SEM projects and practices in India [41].

Third, a range of policy, governance, resources, information, education, and awareness-oriented
initiatives were proposed to address the challenges of SEM. Governments should use each of these
recommendations as a starting point; the recommendations are not intended to be prescriptive or
exhaustive. The policy recommendations identified in this review are very useful to policy makers
around the world who are interested in addressing the challenge of implementing SEM policies and
ultimately supporting emission reduction targets.

Finally, SEM offers a bright future for India’s energy and economic development. India could
intensify its efforts to develop and implement SEM practices to achieve key energy, environmental
and economic development goals. However, SEM can only be achieved through collaborative efforts
between governments, practitioners, utilities, regulatory boards, and industries. SEM could change
India’s energy landscape: it has the potential to revive the economy by achieving energy independence,
reducing the energy deficit and pushing it to become a “green nation”.
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