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Abstract

A major challenge in renewable energy planning and integration with existing systems is the management of intermittence of
the resources and customer demand uncertainties that are attributed to climates. In emerging distributed grids, state-of-the-art
optimization techniques were used for cost and reliability objectives. In the existing literature, power dispatch and demand
side management schemes were implemented for various techno-economic objectives. In renewable energy-based distributed
grids, power dispatch is strategic to system operations. However, demand side management is preferred, as it allows more
options for customer participation and active management of energy in buildings. Moreover, the demand side management
can simply follow supplies. This paper investigates the implications of demand side management as it affects planning and
operations in renewable energy-based distributed grids. Integration of demand side management in customer-oriented plans
such as the time-of-use and real-time-pricing on residential and commercial demands is conceptualised to ensure effective
customer participation which maintains the valued comforts. Moreover, the optimised tariff integrated demand side man-
agement implementations based on the utility-initiated demand response programmes are envisaged to offset conflicting
objectives of the economy and customer comforts within residential and commercial demands and are also viewed as a step
towards efficient management of energy in buildings.

Keywords Renewable energy - Energy management - Distributed grid - Demand side management - Real estate - Building
energy management system
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emerging utilities, the distributed grids (DGs). Demand
side management (DSM) is a systematic management of
customer demands based on the supply availability (power
dispatch) applicable to buildings and, by extension, the
general real estate illustrated in Fig. 1. Power dispatch in
conventional grids (CGs) is strategic to system operations.
However, power dispatch in DGs may be more strategic due
to the impacts of uncontrollable RE resources and diversified

technologies involved, as illustrated in Fig. 2. Factors of cli-
mate change affect both the RE resources used for power
generation and control in DG utilities and the customer
demands such as the seasonal needs for lighting and space
comforts. Thus, reliability challenges are expected in DGs
such that what may matter most to the system operations is
the optimal implementation of demand side management
(DSM). The DSM is known to be flexible enough to be made
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to follow supplies in the events of intermittent power dis-
patch and enables customer participation.

The implications of DSM are primarily attributed to the
customer side of the electric power distribution networks
(PDN). The customer side of the PDN simply comprises
electricity demands from the industrial, commercial and
residential settings within buildings as components of the
real estate establishments. Furthermore, real estate com-
prises natural or man-made structures that are permanently
tied to the land, which includes rivers, vegetation and min-
eral deposits. Man-made structures can be buildings, roads
and bridges. However, the real estate focus of this study
constitutes mostly of buildings, which are known to largely
contribute to global electricity consumption. In contrast
to intangible assets like stocks and bonds, real estate con-
sists of physical land, buildings and other structures. The
scope of the rights attached to real property (i.e. the right to
enjoy, occupy, use and transfer) is governed by the legal and
political procedures that have jurisdiction over the property
(Friedman et al. 2017). From a scholarly point of view, the
real estate field is an overarching discipline that includes
subfields specialising in different aspects of the property
development process (Jagun 2020). To be clear, residential
real estate refers to either single-family homes or multi-fam-
ily complexes, depending on the context (Cetin and Novose-
lac 2015). The most common sort of estate is an area where
most people have some level of experience. Residential
encompasses many building types, including single-family
homes, multi-family complexes, condominiums, townhouses
and other housing types.

In modern electricity DGs, buildings play a significant
role in shaping city electricity generation, distribution,
retails, and utilisation, known as prosumption (Dahiru 2021).
The role of buildings in the control of greenhouse emissions
is evident (Hu et al. 2020). Moreover, electricity is the most
commonly used energy source in buildings, and the demands
keep increasing. Hence, offsetting the implications of ris-
ing demands requires dynamic building energy efficiency
strategies at the front-of-the-metre, otherwise referred to as
load management or DSM. Building energy management
systems (BEMS) enable estate managers and owners to
increase energy efficiency in buildings for a reduction in
the use of energy. Depending on the nature of the building,
several management solutions are utilised for energy savings
through the DSM schemes (Mariano-Hernandez et al. 2021).
There is a need for a BEMS to be designed to respond to the
electricity grid conditions for improved efficiency and sus-
tainable energy consumption in buildings (Al Dakheel et al.
2020). The inelasticity in building electricity consumption
and stochastic human behaviour incorporated into the grid
operations are current global challenges. Hence, buildings
must be able to adjust electricity consumption in response to
realistic market signals (Farrokhifar et al. 2021). Moreover,
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it is possible to achieve a more connected and efficient grid
operation with the current advancement in smart homes and
grid technology in buildings, which account for the larger
portion of electricity consumption. The foregoing is a cru-
cial step towards a smart grid implementation (Babar et al.
2020). Integration of RE technologies and energy storage
systems (ESS) at load centres is one of the most important
features of the smart grid. Thus, having RE system sched-
uling (power dispatch) and smart control of home energy
consumption systems (DSM) based on peak and off-peak
periods is suggested (Ma and Li 2020).

Literature review

The concepts of DSM are focussed on achieving a utility
system’s balanced operations (Atia and Yamada 2016). The
DSM may be viewed as the implementation of load man-
agement at the customer side of the DG utilities according
to real-time supply availability. Objectives of DSM imple-
mentations in DGs include energy cost reductions resulting
from increasing demands and prevention of early failures
due to overstretching demands. Such techno-economic goals
involve concerns for state policies, regulatory agencies, sys-
tem operators, utilities and customers. DSM, in a broader
concept, consists of demand response (DR) programmes and
energy efficiency (EE) (Masters 2004). The DR is a utility-
based designed programme for the short-term management
of customer demands. The DR programmes provide oppor-
tunities for customers to participate in electric grid opera-
tions through shifting or reduction of electricity usage for
time-based energy rates or financial incentives. Customers
are attracted to respond to DR programmes through offer-
ings such as time-of-use (TOU) pricing, critical-peak pric-
ing (CPP), real-time pricing (RTP) and critical-peak rebates
(CPR) (Masters 2004). This is essential when considering
the BEMS and its strategies for RE efficiency towards real
estate development and management, which include resi-
dential, commercial, agricultural, industrial and institutional
buildings. The importance of emphasising energy manage-
ment and efficiencies in real estate construction, particularly
in building systems, is made by Calvillo et al. (2016).

It is indicated by Debnath et al. (2017), Eze et al. (2016)
and loakimidis et al. (2018) that DSM is implemented based
on clearly defined strategies sketched in Fig. 3. The tradi-
tionally used DSM strategies in the literature concerning
the applications in RE-based DG systems for load manage-
ment include peak shaving, valley filling, load levelling and
load shifting. Peak shaving considers customers’ load shed-
ding as initiated by utility-based DR programmes to release
stress on supplies. On the contrary, valley filling, as initiated
by utility-based DR, tends to raise demands against excess
generation to reduce rates of energy curtailments. Load lev-
elling is a DSM strategy needed where large fluctuations
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Fig. 3 Graphical illustration of demand side management strategies for optimal load scheduling

occur on PDN. Whereas load shifting considers the critical-
ity of demand and supply availability to transfer demands
among customers or appliances. Uddin et al. (2018) exten-
sively review peak shaving as a DSM strategy concerning
the integration of energy storage systems (ESS) and elec-
tric vehicles (EV) with the main grid. The traditional DSM
strategies, the peak shaving and valley filling are achieved
by Ioakimidis et al. (2018) to optimise power consumption
profiles in a university building by scheduling the charging/
discharging process of an EV parking lot using real-world
data of power consumption and parking lot occupancy. Aga-
mah and Ekonomou (2017a, b) developed an algorithm that
uses demand profile information and a minimal set of ESS
parameters in obtaining an ESS-based operations schedule
for demand peak shaving and load levelling. A peak shav-
ing strategy is achieved by Buja et al. (2017) to investigate
the capabilities of vehicle-to-grid (V2G)-enabled EVs in
executing reactive power compensations through either of
the two topologies of a bidirectional battery charger. A val-
ley filling strategy is implemented using rule-based energy
management for electric charging from a photovoltaic-to-
grid (PV2G) system (Bhatti and Salam 2018). Potentials
of load shifting were forecasted to have reduced German-
Austrian nationwide electricity expenses by 6% when a 25%
DR adoption rate was achieved (Mirkle-Huf3 et al. 2018).
Other strategies in DSM include energy arbitrage, strate-
gic conservation, strategic load growth and flexible load
scheduling. Energy arbitrage is a DSM strategy achieved
by energy savings during periods of lower energy costs
against periods of higher energy costs. Energy arbitrage is
mainly achieved using energy storage devices such as bat-
teries, supercapacitors and EVs. A study by Metz and Tomé
(2018) used mixed integer problems to optimise storage

dispatch for energy price arbitrage considering time-based
differential energy auctions. Likewise, Salles et al. (2016)
took advantage of electricity price volatility in 7395 differ-
ent electricity market locations to improve revenue using
energy arbitrage of a generic ESS. Flexible load scheduling
implemented using improved TOU pricing methodologies
in nanogrid operations achieved a range of 1.72-53.09%
consumption cost reduction under binary battery operations
(Tijjani et al. 2021).

Strategic load growth, strategic conservation and flexible
load scheduling are mentioned to be part of DSM strategies
discussed in existing literature such as Jabir et al. (2018),
Gaur et al. (2017), Lokeshgupta and Sivasubramani (2018),
and Jacob et al. (2018). Like the traditional DSM strategies,
strategic conservation is a utility-initiated programme that
focuses mainly on customer interests in accepting incentives
for reduced energy use. Strategic load growth is a planned
increase in energy sales to improve customer productivity
while increasing utilities per kWh energy sales. Whereas
flexible load scheduling is a programme where customers
receive incentives for load building and curtailments. In flex-
ible load scheduling, incentives for load growth and decay
are applied to customers interchangeably.

Study contribution and paper organisation

The foregoing DSM strategies are not prominently used in
literature for applications despite their flexibilities and suita-
bility to RE-based DG system problems. This paper analyses
literature implementations of the DSM strategies as it applies
to emerging DG frameworks and building energy manage-
ment structures (BEMS). It is indicated in Fig. 4 that the
reviewed literature in the areas of DSM and its relationships
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Fig.4 The review’s related
areas discussed in the existing
literature (VOSviewer)

cooperatiye systems

solar energy
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to BEMS have other major issues of discussion in the paper
such as distributed generation/grids (DGs). Classifications of
the DGs such as the traditional CGs (in macrogrid and mini-
grid architecture), the emerging microgrids and nanogrids
are extensively discussed. Other related literature consulted
and discussed in the paper include optimization techniques,
renewable energy (RE) and the impending issues of energy
cost. Hence, the paper contributes to the identification of the
following points concerning existing literature applications
of DSM strategies in DG system developments and building
energy management, as highlighted in Fig. 4.

e The DSM strategies implemented based on utility-initi-
ated demand response (DR) programmes are real estate
oriented, which covers residential, commercial, institu-
tional and industrial buildings.

e Dump energies due to power generation curtailments are
not as economical as it appears. The process may incur
additional costs and power losses.

e The real estate’s contribution to energy conservation and
emission control could be targeted through the develop-
ment of nearly zero energy buildings (NZEB).

The rest of the paper is arranged by providing an over-
view of emerging DG systems based on the perspectives of
real estate in the “Distributed grid technologies” section.
System planning and operations as the main aspects of the
development of DGs are discussed in the “Classifications in
distributed grids” section. A detailed review and overview of
DSM strategies discussed in the literature is presented in the
“Distributed grid planning and operations” section. State-
of-the-art applications of DSM strategies used in literature
for the development of modern and smart DG systems are
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discussed in the “Demand side management and strategies”
section. An overview of literature perspectives concerning
energy management in buildings is discussed in the “Other
concepts related to demand side management” section.
Implications of climate change on the performance of RE
resources and technologies, on the one hand, and seasonal
change in customer demands, on the other hand, are dis-
cussed in the “Implications of climate change to renewables
and energy use in buildings” section. A critical analysis of
existing literature regarding research findings with recom-
mendation for further work is provided in the “Limitations
and future considerations” section. The paper is concluded
in the “Conclusions” section.

Distributed grid technologies

The need for a study to focus on the development of power
grids against the challenges of the twenty-first century is
highlighted for the benefits of reliability, efficiency, cost-
effectiveness and environmental considerations (Baek et al.
2017). The conventional grid (CG) is a vertically structured
centralised system that comprises major units which include
generation, transmission, distribution and retail (Ma et al.
2017). Challenges affecting the performance of CGs include
the high costs of fuels and the effects of volatile oil mar-
kets, transmission losses, carbon emissions and high acqui-
sition costs (Zenginis et al. 2017). Maintaining such sys-
tems could be costly in terms of economy and environment
(Deckmyn et al. 2017). Other challenges could be reliabil-
ity due to human errors, natural disasters and transmission
losses (Islam et al. 2017; Burmester et al. 2017). Part of
the solution to the foregoing problems is to improve supply
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reliability through increased generation. It is viewed that
the power grid’s transmission losses can significantly be
reduced by the adoption of modern DG structures, and the
need for expansion of the existing structure can be elimi-
nated (Debnath et al. 2017). The DGs are as well good for
the support of RE integration to reduce carbon emissions.
The DGs also ensure minimisation in the rate of main-
tenance in addition to fuel and energy consumption cost
reduction (Ganesan et al. 2017).

Apart from the significant impacts of DGs in power sys-
tems’ support for RE generation and integrations discussed
by Tudu et al. (2019) and Kuang et al. (2016), the REs are
good in the harvest of free, abundant and lifetime resources.

Power
Systems

Distributed
Generations
(bG)

Conventional
Grids (CG)

Macrogrids

Nanogrid ...N

Fig.5 Hierarchies in modern electrical power grids

REs also enable low-capacity generations (microgeneration)
for customers to optionally and simultaneously consume and
produce electricity in an energy trade-off framework termed
“prosumption” (Genikomsakis et al. 2017). PV cells, wind
turbines (WT) and fuel cells (FC) are a few examples of RE
components used as generators in emerging DG systems.
The distinctive features of CGs as compared to DGs are rep-
resented in the hierarchical diagram of Fig. 5. In the hierar-
chy, DGs are shown to comprise microgrids and nanogrids
as scale-down systems, usually designed for convenience,
costs and logistics. Smart grids shown in the diagram indi-
cate structures of DGs as units or subunits equipped with
communication facilities. Such systems feature an example
of preferred characteristics of a modern power grid high-
lighted in Table 1.

Classifications in distributed grids

Technically speaking, DGs are described as an assembly of
different types and sizes of RE technologies such as electri-
cal energy sources, energy storage and consumer appliances
linked through power cables, power converters and power
control devices as interfaces. There may be no definite topol-
ogies in DG architecture, as the composition of components
in the system differs depending on planning and operational
objectives. However, system capacity and energy demand
requirements could be a basis for the classification of DGs
concerning components and system sizes. Classifications
in DG structures and topologies are usually determined by
factors such as geographical location, number and size of

Table 1 Characteristics of CGs, DGs and preferred modern power grids (Masters 2004)

Preferred characteristics of modern power
grids

Characteristics of conventional grids

Characteristics of distributed grids

Active customer participation

Support for all generation and storage options

New products, services, and markets

Provisions of power quality for the digital
economy

Optimization of assets and efficient operations

Anticipation of responses to system distur-
bances (self-healing)

Resiliency against cyber attacks and natural
disasters

Customers are uninformed and do not partici-
pate

Characterised by a centralised generation with
no existing storage options

Limited and poorly integrated wholesale mar-
kets. Limited opportunities for customers

Slow response to power quality. Limited
power pricing options

Little integration of operational data with
assets management

Respond to protect assets against damages
resulting from system faults

Slow response and vulnerability to cyber and
physical attacks due to human and natural
factors

Customers are informed and participate in
power generation and energy management

All forms of centralised and distributed genera-
tion of different capacities are integrated with
plug-and-play facilities

Well-integrated wholesale markets with open-
ings for emerging electricity markets for
customers

Rapid response to power quality and pricing
issues

Emphasis on expanded data acquisition of grid
parameters and focus on impacts to custom-
ers

Emphasises fault detection, prevention and
impacts minimisation on customers

Resilient to cyber and physical attacks and
rapid restoration capabilities
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buildings, critical demands and bus potentials in the PDNs.
Hence, in DG systems capacity-based topologies, the clas-
sifications may consist of the macrogrids, the minigrids, the
microgrids and the nanogrids.

The macrogrid

Macrogrid topologies are usually centralised systems
designed in either ring or radial systems to serve custom-
ers within an extensively large area and large population.
Generation in this topology is mainly kept at long distances
away from load centres. Hence, power transfers from gen-
eration to customers are supported through transmission
networks, as illustrated in Fig. 6. The architecture in mac-
rogrid topology may be considered as the typical traditional
CGs. Voltages handled in this topology are the traditional
generation voltages (5 to 34.5 kV), transmission voltages (66
to 765 kV) and distribution voltages (120 to 240 V single-
phase and 220/420 V to 33 kV three-phase). The topology is
also referred to as the main grid, utility grid or legacy grid.
This is the topology dominating larger global economies
with heavy residential, commercial and industrial demands.

The minigrid

Factors considered in the design and implementation of min-
igrid topologies include distance or isolation from macrogrid
access, such that service extensions are largely affected by
implications of the cost involved. The topology is smaller
than the macrogrid in terms of generation capacities and ser-
vicing consumer demands. Transmission networks may not

Fig.6 The basic structure of a
macrogrid system
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be part of this topology as the distance between generation
and load centres are significantly close, such that local PDNs
are adequate for power transfers. Figure 7 indicates that cus-
tomers in this topology are mainly residential and commer-
cial. However, this topology is prone to uneconomical and
environment-unfriendly generating systems such as multiple
diesel plants, biomass or small hydro facilities (Javaid et al.
2018). Generation capacity usually ranges between 1 kVA
and 10 MVA in minigrid topologies (IRENA 2018), while it
supports low voltages (120 to 220 V) mainly for distribution
purposes (Program and ESMAP 2000). Minigrid topologies
are mainly designed for developing economies and devel-
oped countries with remote locations such as islands. The
topologies are known to have high operating inefficiencies
and protection issues. Hence, the system is not usually suit-
able for urban deployments.

The microgrid

Based on the United States (US) Department of Energy
(DOE) definitions, the microgrid topology is an electrical
entity of generators and loads operating either in isolated
mode, in connection with other grids (macrogrids or mini-
grids) or a network of other microgrids. The system employs
either a combination of fossil fuel and RE-based generators.
The microgrid topology may not have a definite size; how-
ever, the World Bank describes its operating voltages to be
below 11 kV (Javaid et al. 2018). Technologies supported in
microgrid topologies are highly diverse based on their types
and sizes. A microgrid is a typical example of a DG system
network with resources sparsely connected, as illustrated in
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Fig. 8. Issues affecting this topology are complex structures
due to the integration of various energy sources and inad-
equate standardizations. A relatively small market currently
affects microgrid prospects to have industry-wide technol-
ogy standardizations. It is expected that proper standardiza-
tions in microgrid systems are necessary to achieve large-
scale price reductions and high degrees of interoperability.

The nanogrid

Nanogrid is an electrical grid topology that takes a gen-
eral approach and design principles of microgrids but with
much smaller capacity, lower voltage level and lower needs
for optimization complexities. A key feature of nanogrid is
their ability to interconnect with macrogrids, microgrids and
adjacent nanogrids. In similarities with the microgrids, the
underlying philosophies about nanogrid concepts are econ-
omy (reduction in energy and operational costs, elimination
of the cost of macrogrid extension), reliability (increased
supply availability), environment (reduced rate of power
generation-based emissions) and speed (the reduced time
it may take to extend macrogrid services). As obtainable
in microgrids, the nanogrid structure illustrated in Fig. 9
operates utilising AC/DC sources and storage. However, it
is stated by Nordman (2009) that nanogrids have no concern
for a power source. The foregoing view could be considered
an outdated concept as any electrical entity without a power
source may hardly be autonomous and may be regarded
simply as controlled loads within a network of other grid
entities. Hence, an entity without a power source may not
be qualified for the “grid” affixations. Justifications for the
concepts of powered nanogrids are discussed in recent lit-
erature where nanogrids are configured to operate in either
autonomous or interconnected operations with contribu-
tions from nanogrid’s local power sources (Akinyele 2017;

Fig. 8 Multi-energy structure r
of renewable energy-based grid
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Shahidehpour et al. 2017; Moussa et al. 2019; and Cordova-
Fajardo and Tututi 2019).

Smart grids and emerging power networks

The existing electric utility services face challenges such as
the need for RE penetration, changes in market dynamics,
rapid technological advancements and shifts in customer
affordability and tastes while operating the grids. Thus, the
foregoing challenges require resilience, accurate forecast-
ing and security against threats both internal and external.
The foregoing challenges hence attract unbundling and
restructuring in the existing grids and optimising its assets.
Comparisons made to distinguish between modern grids and
existing grids outline the following aspects needed for the
development or transformation of existing grid structures
into preferred modern grid architecture referred to as smart
grids (Momoh 2012).

Residential “

demands Ha

Converter.

Main grid
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e Power system enhancements:expansion and use of REs to
offsets the impacts of capacity requirements and carbon
emissions.

e Communications and standards: advanced automation
and communication systems for the existing power sys-
tems are expected to generate a vast amount of opera-
tional data to be used in rapid decision-making.

e Computational intelligence: the use of advanced analyti-
cal tools for network system power optimizations.

e Environment and economy: customer participation and
general enhancement of generation, transmission and
distribution networks.

Smart grids in Linden et al. (2014) are defined by Kylili
and Fokaides (2020) as “an electricity network allowing
devices to communicate between suppliers to customers,
allowing them to manage demand, protect the distribu-
tion network, save energy and reduce cost.” Computa-
tional intelligence and communication facilities are the
key aspects featured in any smart grid system that are com-
pletely alien to legacy networks (traditional grids). This
implies that DG topologies such as minigrids, microgrids
and nanogrids are classified as smart grids only when the
key aspects such as communication facilities and compu-
tational intelligence demonstrated in Fig. 10 are included
in their design.

Comparative information regarding various types of elec-
tricity grid architecture is contained in Table 2. The classifi-
cations in the table are made based on the topologies of the
grid, the technologies employed, the voltage size handled
and the opportunities for deployment. It is worthy of note
that the emerging DGs are critical to developments within
the real estate sector, as examples are set in the study for
nearly zero energy buildings (Martirano et al. 2017).

Distributed grid planning and operations

Techno-economic factors such as system reliability enhance-
ment, emission control, renewable penetration, the life cycle
cost, the net present cost and the cost of operation domi-
nate objectives in renewable system design. Thus, achieving
the foregoing objectives motivates the implementation of
schemes for system planning and operations. To highlight
the relevance of feasibility and best performance in the
implementation of planning and operation schemes, advan-
tages of optimization algorithms are usually taken. However,
there are always complexities when handling schemes that
involve uncertainties such as the RE resources. Hence, RE
resources are characterised by the intermittent performance
of generating components, such as PVs, WTs and storage
facilities mentioned in the previous sections. This implies

Fig. 10 Simplified structure of a
smart grid system

Main grid

Storage

Point of
common
coupling

Il

Commercial loads

@&

Wind turbines

SCD

Electric vehicle

@ Springer

Utility Grid H
¥ Communication
) networks

Energy storage 2

system_
| = l'
[U ’l'

Residential loads

e

Diesel systems

Intelligent bus system

Smart Grids



81993

Environmental Science and Pollution Research (2023) 30:81984-82013

aatsuadxa pue x9[dwoos
JIOPUAI SANIIOR] UOIIBITUNTUIOD JUSSI[AIU] I
douewIofiod 9A1I09Y-1S0D) W
uonerddo pajeurp1ood Ysiy |

Qouewioyrad orqejorpaid Apreq W
uoneIdudd poyIsIoAlp sproddng m
sarjonns odung
1509 [enIul MOT Il

Papaau uors

-sTwisuer Jomod ou 9ouay ‘9our)SIp 1I0YS
B UIJIIM UONEBIdULS pue SpPeo| paINqLusi( M
uononpoid A31ous ues)) W

douewoyred o[qeyorpaid AjpieH |
uoneIaudd jo suwioj Auew syioddng @
saxmonns xo[dwo)) |
papaau st uorsstwsuen) romod ou
Q0UQy ‘UOT)RIOUST pue speo[ paInqIusi(] |l
uornonpoid A31ouo ues)) W
suorjed1dwr uoIsSIu
Q) 90Uy ‘s[ony [1ss0j uo Ajurews A[oy W
QINONISBIJUI UOISSTWSULT)
ou sa1nbal 90Uy $e1UAD Peo] 03 AS0[D) M
doueurioytod 9[qe1oIpald W

s3500 uotsuedxa pue [enml YSiq m
suonesrdwr [ejuswUOIAUY
SISSO[ UOISSTWSURL], |

SOIUQD PEO[ WOJJ JeJ UONRIoUID)
suonesado aqe1dIpald W

s3umjes
[EIIUSPISAI PUE [EIOISWILIOD UIYIIM SUOT)
-eordde snorrea 0y pakordep oq ue) @

SUWIQ)SAS

QIBOY)[BAY PUB SIOTAISS ATCI[IUI ‘WAISAS

K)1nd9s yuoweSeurw a38I0)S BIEP SB

yons [eonLIo e jeyy urpping e jo yred
Jo uIp[ing € UIy}im SpUBLISp PAJIWIIT I

suonewIoj A1e}
-1[rwr se yons spuewap asodind Teroads
soZe[odIyore pue QULIOALI ‘S}I9SAP
Ul SONIUNWWOD PIJe[OSI 10§ A[qelIng |
suoneordde [RIOISWWOD pUE [RNUIPISI
J10J WAISAS UOTIBOYLIIOI[ AjTunwIio))
Sururw pue
Surmjoeynuew se yons saLIsnpul Jofew
JO UOTIBOYLIIOJ[Q Y} UI PISN SOWNOWOS i
SpPUBWIOP UBQIN pUR [RINI
10 suonjeorjdde oyerapow ut pasn A[uejA |l

sasodand [enuapisar pue [ero
-IQUILIOD ‘[BILNSNPUI I0] SPLIS [BUOIIRU SB
yons suonesrdde oress-o3re] A[oAIsuaIxy |

SpLIS JIeWs
JO JOXIUOD WSISAS QY} UT Pasn aIe SONIIO.]
UOTBIIUNWIWOD JUAII[[IUT “TOAIMOH “SI13
-o10do) 12110 2y Se owres ) yonw KIoA W

juowkordap
pue 9z1s ur AJuo SpLIS0IOTW WOl SIOPI M
puSororu
9} 0] [EOTIUAPT AI0A WAISAS PIseq-Ty M
poyroddns osye st uonoeIduI i3 U |
JUSWAIUBYUD A)I[IQRI[] JOJ QINJOAIYIIR
9y Jo 1red jueyrodwr ue osye st a5e101S W
S90IN0SAT Y JO 9OUNIULISIUT Y}
jsurede syue[d [osa1p se yons syue[d paseq
-[on [ISSOJ 91ePOWIOd0E SPLISOIOTIA Il
sa130[0uyd9) Surrowo paseq-gy M

suorjei3aur
WAISAS Y 9Y) 0} anp papasu st 23e10)S W
sa13o[ouyd9)
£319U0 9]qeMAUDI JJBPOWILLIOIIE O} [eN)
-uajod oy} YIm SweIsAS paseq-[ong [1sso,] |l

Jqe

-jo1paid Aysy are A[ddns pue spuewop
S ‘paIOpISU0D AJoxel ST 95eI10)s ASIouy W
UONESI[NN [oNJ [ISSOJ [BUONUIAUOD)

(suon
-eoy1oads FuIzis pue sa130[0ouyd)

‘spuewap uo spuadap) payroadsun pu3 jrewis
(OV) A 0TT-O@ A TI pLsoueN

(OV) A 02O A Tl pLSOIIN

AT €E-A 0TI PUSTUTA

A1 $9L-99 pLiSoIoRy

suonejywI)/seniumioddo

juowkodeg

pokordwa sar3o[ouyday,

9z1s a3eyjoa Aiddng ser3ojodo) prin

SONSLIgNORIRYD PUk SoINjed) pus A)owmoog g ajqel

pringer

A's



81994

Environmental Science and Pollution Research (2023) 30:81984-82013

that optimal planning schemes are essential to the system
sizing and placement objectives.

The use of RE resources in DG systems considering their
resource dispersion, characteristics and intermittence not
only affects the systems’ protection and control architecture
but also makes it more complex to predict due to size, opera-
tional characteristics, cost implications and reliability. Apart
from intermittent renewable resources, irregular customer
demands contribute to uncertainties in DG performance.
Moreover, the intermittent RE resources such as solar inso-
lation and wind speeds affect DG systems’ reliability obliged
alternative use of ESS from either a battery as suggested by
Strnad and Prenc (2017) and Metz and Tomé (2018), super-
capacitor suggested by Zhang et al. (2017) and Sellali et al.
(2017), hydrogen storage suggested by Mendes et al. (2016),
flywheel suggested by Abazari et al. (2019) and Li et al.
(2019) and hydrostatic technologies suggested by Wang
et al. (2018a, b). A combination of any two or more of the
foregoing energy storage technologies in hybrid form also
proved to be effective. Thus, planning and operational coor-
dination in such a multi-source and multi-technology DG
system require effective optimization techniques to achieve
operational stability and reliability under minimised acqui-
sition and running costs (Li et al. 2017). In Table 3, details
of planning and operation schemes are provided to high-
light the existing relationships within the hierarchy shown
in Fig. 11 about the emerging DGs. The emphases given to
the DSM (front-of-the-metre activity) strategies and schemes
given in Table 3 furthermore clarify the flexibilities of the
DSM and its preference for customer support and participa-
tion as advantages over the energy management (behind-the-
metre activity) schemes.

It is emphasised by Loucks and van Beek (2017) that
for desired values in system designs and operating policy
variables to be attained (such as a complex DG system),
identification and evaluation of desired goals and objectives
are desired. The goals and underlying objectives are hence
achieved using optimization and simulation models. The
desired values achieved by suitable optimization methods
will lead to the highest levels of system performance and
eliminate inferior options.

Demand side management and strategies

The main objective of power dispatch or unit commitment
(UC) in a DG is the economic dispatch of generating compo-
nents based on supply availability and demand response pro-
grammes. Whereas DSM’s main objectives include cost-effec-
tive load scheduling based on demand response programmes
at the customer end to achieve the following (Attia 2010):

@ Springer

e maintaining a load factor as close as possible to 1.0 and
e maintaining a peak within the proper supply/demand
margin.

By achieving the foregoing objectives, utilities could
get adequate energy from participating generating units,
thereby maximising profits and minimising the per kWh
cost of energy. To that effect, traditional DSM strategies
such as peak shaving, valley filling, load shifting and
energy arbitrage were implemented by Debnath et al.
(2017) and Augusto et al. (2017). The DSM was used to
minimise energy deficits in a small-scale grid interactive
DC microgrid for residential, telecommunications and data
purposes (Pannala et al. 2017). Other solutions to energy
deficits and stability to demand and supply fluctuations in
microgrids were obtained by Molderink et al. (2010a, b).
A poor response to peak loads was reported to be one of
the limitations of rural RE-powered microgrids. Hence,
the use of BESS and diesel plants were suggested to be
a good option for solving peak demand issues. However,
improper implementation of DSM was discovered to be a
serious setback (Augusto et al. 2017). Operational balance
was achieved by combining two control methods of pre-
diction and scheduling (Hoogsteen et al. 2016). Primary
frequency stabilisation is sought through DR programmes
that deploy efficient DSM strategies (Azim et al. 2016).
Affine arithmetic is a proposed model for load forecast that
minimises uncertainties in demands (Avila et al. 2015). A
shift from the known centralised control type of DSM was
proposed by (Balakrishnan et al. 2017) using an agent-
based method for efficiently balancing supply and demand.
The DSM is known to be implemented based on suitable
strategic schemes. An example of a peak clipping strategy
applied in literature is a successful trade-off achieved by
Nunna and Doolla (2013). In Amrr et al. (2018), reliability
and economy-centred power management and load sched-
uling were activated using two control schemes of mode
selector and source selector. A standalone nanogrid based
on PV only was designed for a residential house using a
Middle East climate. Load calculations for sizing of batter-
ies and PVs, power consumption, control and monitoring
were done by Akmal et al. (2016). Saini (2007) categorises
DSM into the following three (3) activities upon which
implementation strategies may be derived and discussed.

e Energy demand reduction programmes. This is an
activity where demands are reduced through better and
more efficient processes such as smart energy buildings
or the use of energy-efficient equipment.

e Load management programmes. This is an activity
of changing load patterns through demand shifts and
demand curtailment during peak periods and peak rates.
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Fig. 11 Schemes in DG
system’s project planning and
operations

Planning

Sizing Siting

e Load growth and conservation programmes. This is an
activity for change of load pattern through substitution
or deferment of loads.

In summary, DSM is defined as a programme designed
to modify customer use of electricity for energy and cost-
related savings. The DSM programmes are usually prepared
to control energy consumption on the customer side of the
metre (behind-the-metre). Many strategies used in DSM
applications are designed to reduce dump energies (energy
wastages), curb energy consumptions (in shiftable loads)
during periods of low electricity supplies, reduce energy
costs and minimise the system’s costs of operations. There
are many strategies designed or adapted in literature for
effective DSM implementations. Examples of such include
a study prepared and presented by Debnath et al. (2017) to
investigate a wide range of DSM strategies whose demand
curves are illustrated in Fig. 12. The investigated strategies
were meant to be used in enabling customer participation
and management of DGs as one of the preferred character-
istics of emerging modern power grids.

Peak shaving

Peak shaving also known as peak clipping is a traditional
DSM strategy that considers cutting off a portion of loads at
a time in peak hours of electricity demand without adverse
effects on overall demand curves. The benefits of peak shav-
ing are identified by Molderink et al. (2010a, b) as a solution
to varying daily electricity needs, clean energy production
and additional unpredictable loads such as EVs. There are
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examples of peak clipping implementation in the literature.
Peak clipping is achieved through the modification of a ref-
erence load by applying a cap for maximum power that can
be delivered on request (Augusto et al. 2017). Simulation
results by Martirano et al. (2017) show that a reduction of
peak power by 12% and average power of 23% was achieved
in a smart microgrid equipped with heating and domestic hot
water. A selective peak clipping is proposed by Nunna and
Doolla (2013) to achieve energy balance in microgrids. Bat-
tery power is optimally synthesised over a specified period
to achieve peak shaving and reduction in grid energy buffer-
ing (Serpi et al. 2017). Prototype control methods were used
to validate the simulation results of a microgrid connected to
the grid and in island modes for peak demand minimisation
and diminishing of stress on a CG network (Pannala et al.
2017). The advantages of peak shaving to power utilities,
according to Uddin et al. (2018), include a reduction in per
kWh electricity generation cost. Likewise, customer ben-
efits from corresponding per kWh energy cost reduction as
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utilities normally transfer the economic burden to custom-
ers. The major disadvantage of peak shaving is a breach in
customer comfort.

Valley filling

There are periods when low demands are experienced
regarding base loads. Higher levels of power generation dur-
ing such periods may comparatively be at a loss if demands
are not raised due to unused (dump) energies. Considering
the RE type of power sources in this scenario and the costs
of energy involved, generation curtailment may likely not be
an optimal decision. The use of storage and flexible (trans-
ferable) loads are examples of methods of achieving valley
filling. An example of a valley filling strategy was achieved
by Augusto et al. (2017) by restricting flexible loads to off-
peak demand scenarios. Valley fillings were also realised
in a study that proposed charging an EV from a PV/grid
system using a rule-based EM system (REMIS) (Bhatti and
Salam 2018). To regulate power consumption in a build-
ing, vehicle-to-building (V2B) concepts were formulated
to achieve peak shaving and valley filling through math-
ematical modelling in MATLAB (Ioakimidis et al. 2018).
Stochastic algorithms with Monte Carlo simulations were
used to stabilise the grid through valley filling strategies
(Nazarloo et al. 2018). A binary programme was used to
achieve desired aggregate load profile through valley fill-
ing (Sun et al. 2016). A centralised charging is proposed by
Liu et al. (2017) to be applied as a method of flattening the
demand profile through valley filling for overnight charging.
Advantages of valley filling strategies to utilities include a
reduction in dump energies and the burden of generation
curtailments are avoided. Customers may as well benefit
from valley filling through flexible loads that are normally
shifted to periods of lower per kWh energy costs.

Load levelling

In power distribution networks where large fluctuations of
loads are experienced, load levelling is the most appropri-
ate DSM strategy required to be applied. In load levelling
strategy, efforts are ensured to reduce differences between
the highest and lowest values of demand profiles (Agamah
and Ekonomou 2017b). In literature, diverse load levelling
applications were implemented as an important EM strategy
for the reduction of losses and stability of DGs. Maximum
power point tracking (MPPT) controller was used in [47]
to improve energy storage and load levelling. In a study
presented by Agamah and Ekonomou (2017a), load level-
ling objectives were combined with objectives of optimal
ESS and peak demand schedule. Multiple benefits of energy
storage were reviewed by Nikolaidis and Poullikkas (2018),
which include load levelling as a DSM strategy. The load

levelling was also realised through integrations of EVs into
smart grid systems, where frequency regulations and other
ancillary services were found to be beneficial to utilities
(David and Al-Anbagi 2017). In Buja et al. (2017), reactive
power-based load levelling was also implemented. Reducing
energy costs and protecting consumer privacy was achieved
by Chin et al. (2017). Resources such as ESSs and EVs are
mainly used in load levelling implementations, thereby elim-
inating the need for network expansions.

Load shifting

In load shifting strategies, load shedding or load building
synonymous with peak shaving and valley filling, respec-
tively, at a particular point in time are not considered.
Rather, the strategy considers the transfer of loads from
one appliance’s demands to another based on the critical-
ity or flexibility of loads and periods of supply availabil-
ity. Examples of load shifting discussed in the literature
include investigations into the potentials of peak shaving,
valley filling and load shifting (Zhang et al. 2015). Load
shifting strategies were applied in the sizing and selection
of ESS for a PV/wind-powered DG distribution system
(Sepulveda et al. 2018). The benefits of load shifting were
analysed while optimising generator and load sizing schemes
in a standalone microgrid (Akram et al. 2018). A day-ahead
load shifting is considered while investigating the benefits
of DSM to both the utility and customer sides of the DG.
There were classifications of PV users based on pre-grids
and post-grids terms, where the latter recorded energy sav-
ings through load shifting activities and sufficiency attitudes
(Wittenberg and Matthies 2018). Load shifting was proven
to increase levels of self-reliance in terms of energy con-
sumption for a heat pump coupled with PVs (Romani et al.
2018). An achievement of up to 6% reduction in nationwide
electricity costs was recorded, as claimed by Mirkle-Huf3
et al. (2018). The load shifting strategy was used in the
reduction of peak demand and reshaping of a load profile
in the proposed multi-objective optimization framework
(Bastani et al. 2018). It is worthy of note that load shifting
as a strategy is feasible only when load classifications are
made based on demand’s criticality and flexibility rankings.

Energy arbitrage

Energy arbitrage is described as energy vending at the time
of higher energy prices after a stored purchase at lower
prices. Energy arbitrage may also be considered as efficient
storage of energy during excess production for use at the
time of low or loss of power supplies. This strategy is mostly
suitable to REs based or RE-dominated DG technologies.
Energy arbitrage is usually achieved using efficient storage
systems that can be BESS, pumped hydro, supercapacitor,

@ Springer
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compressed air, hydrogen storage and flywheel (Nikolaidis
and Poullikkas 2018). Examples of energy arbitrage imple-
mentation in the literature include a study presented by
Salles et al. (2016) which considers reducing costs and
improving the energy efficiency of generic model ESSs.
Mathematical modelling is used to determine the feasibility
of investing in energy storage of vanadium redox batter-
ies, which recommended optimization to 75% for energy
arbitrage to be profitable (Coronel et al. 2018). Energy arbi-
trage was listed among the numerous benefits of using ESS
in electric power grids (Nikolaidis and Poullikkas 2018).
A study presented by Cui et al. (2017) considers what was
referred to as an extended-term energy storage (ES) arbitrage
problem through a bi-level ES arbitrage solution. A port-
folio theory-based approach was also proposed to achieve
optimization of energy storage capacity share in different
energy markets. Hence, frequency response and congestion
costs were proposed for distributed network operator (DNO)
markets (Yan et al. 2018). A sensitivity analysis was car-
ried out to ascertain the price volatility required to gener-
ate profit from energy arbitrage operations (Metz and Tomé
2018). A community LV distribution system equipped with
ANFIS was used for voltage management, energy arbitrage
and peak load reduction, respectively (Wolfs et al. 2018).
The increased complexities due to increasing penetration
of REs in power systems were reduced by increasing stor-
age requirements at the LV network that calls for stochastic
integer linear programming for the solutions (Touretzky and
Baldea 2014). Energy arbitrage using ESS may be used as
dump loads against implications of excess generations. How-
ever, dump energies may persist with ESS fully charged.
The cost of managing stored energy in ESS during charge/
discharge actions against losses is yet another challenge.

Strategic conservation

Strategic conservation is a consumer-centred DSM strat-
egy that usually originates from utility-based DR pro-
grammes specific to changing power usage patterns. Incen-
tivised sales and usage reduction change load shapes in
the programme. It is pointed out by Khan (2019) that stra-
tegic conservation is achieved by making efficient use of
energy or by reducing the amount of energy service. This
clearly defines strategic conservation of energy as an effort
to reduce consumption by using fewer energy services.
Although Kumar and Harish (2014) insisted that for strate-
gic conservation and other DSM strategy implementations
to be successful, a demand forecast that defines how elec-
tricity is consumed shall be prepared. It is found in the lit-
erature that a control technique is applied by Romani et al.
(2018) to reduce energy import for load shifting and load
conservation strategies against peak periods. It is worthy
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of note that with differing customer tastes and behaviour,
demand forecasts tend to be difficult.

Strategic load growth

This is a planned increase in energy sales ahead of valley
filling strategies due to the utilisation of smart power tech-
nologies such as EVs, automation and industrial process
heating. This strategy aims to increase the market share
of loads that sometimes involve the addition of new cus-
tomers. Strategic load growth programmes are aimed at
improving customer productivity while increasing utili-
ties per kWh energy sales. Strategic load growth is simi-
lar to valley filling, but the level of sales in strategic load
growth is greater. A lot has been mentioned the strategic
load growth in literature such as Debnath et al. (2017), Eze
et al. (2016), Attia (2010), Kumar and Harish (2014), and
Al-enezi (2010), and without any known research imple-
mentation undertaking. Advantages of the strategy include
minimisation of dump energies and energy cost savings.
The method could however be feasible only to systems with
efficient dump loads such as energy storage systems and
in cooperation with another DSM strategy such as valley
filling and load shifting.

Flexible load shapes

This is a programme where customers receive incentives for
load curtailments as a result of deterioration of reliability
or quality of service. The DSM programme by the utility
deviates from permanently sticking to a specific load shape,
such that incentives attached to load growth and decay on
the customer sides are applied interchangeably. Like stra-
tegic load growth, the flexible load shape is another DSM
strategy whose concepts are largely mentioned, but without
known research implementations in the literature. The tra-
ditional power system structures (CGs) may not find flexible
load shape strategy as convenient for applications due to
highly predictable power generation patterns that tally with
the customer demands most of the time. However, emerg-
ing DGs operating under highly intermittent RE generations
require smart DSM strategies such as flexible load shapes,
such that customer demand curves may be shaped based
on supply availability, energy cost and customer demand
fitness (energy cost affordability). Hence, the comforts of
customers need to be pegged on the fitness functions of
every individual customer (Tijjani et al. 2021). The flexible
load shape strategy is envisaged to improve the autonomy
of a DG system interacting with the main grid. However,
the flexible load shapes may not be suitable in standalone
systems where unified tariff regimes are applied.
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Other concepts related to demand side
management

It is established that the techno-economic objectives in
energy systems projects cover both planning and opera-
tion schemes. The operation schemes mainly consider EM
strategy applications for optimal power dispatch, storage
management and the application of DSM strategies. Power
dispatch is strategic to energy system operations. However,
power dispatch may be more strategic in the operations of
an RE-based DG architecture due to the diverse technologies
and intermittent resources involved. Hence, consequential
reliability challenges are expected in DG operations such
that what matters most to the system’s optimal operations
are implementations of DSM strategies. The DSM is known
to be flexible enough to be made to follow supplies in the
event of intermittent power dispatch. In the implementation
of power dispatch, storage management and DSM schemes,
optimization tools and methods are found to be mostly use-
ful. Optimization as a concept is designed to minimise or
maximise the output parameters of a system by optimal
selection of input parameters (Insam 2017). Achievements
in realising the main techno-economic objectives which
include capacity reduction, cost minimisations, profit maxi-
mizations, energy consumption reductions, emission mitiga-
tions and efficiency enhancements emphasise the importance
of optimization methods to the initialization and manage-
ment of energy system projects.

Optimization concepts and algorithms

Optimization is a household name in almost all fields of
human endeavour, engineering, business development,
industrial activities, internet routing and holiday planning.
The main focus of optimizations in energy systems cov-
ers minimisation of costs, reduction in energy consump-
tions, time resource management, maximisation of profits,
increased outputs, improved performance and better efficien-
cies (Yang and He 2016). Energy system applications are
highly analytical that demand mathematical programming in
finding solutions to real-world problems. In energy system
optimizations, computer simulation tools are used in either
user-designed software or commercially available off-the-
shelf application software. Whatever software is consid-
ered for implementations in energy system optimizations,
an algorithm or step-wise guidelines define the method upon
which problem solutions are achieved.

Minimise £,(x), (=1,23......cc.c........M) (1

Subject to a;(x), (=1,2,3..................N) )

81999
: &
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>
©
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Fig. 13 Optimization layers considered in the DG project
&), k=1,23..................P) 3)
where x = (X, X5, X3 cov vevvvecen o Xy) 4)

Optimization is defined by Insam (2017) as a method
of economic selection of inputs for a system or process to
achieve the best and yet feasible outputs based on underly-
ing techno-economic constraints. Optimization must have
a carefully defined algorithm for its implementation. In
mathematical terms, most optimization problems are writ-
ten in generic forms given by Eqgs. (1)—(4), where f;(x),
h;(x) and g, (x) are functions of the design vector and x; of
x are design variables that can be real continuous, discrete
or a mixture of the two. The choice of optimization algo-
rithms depends on what problem is on ground to solve.
Hence, Yang and He (2016) stresses that the following
options and relevant questions need to be understood for a
proper choice of optimization algorithms to be meaningful.

e For a given type of problem, what is the best algorithm
to use?

e For a given algorithm, what kind of problem can be
solved?

The two statements and corresponding questions may
not be easy to comprehend as they sound. However, it
is important to understand that many problems can be
solved using a particular algorithm, as there are many
efficient algorithms to use in solving particular problems.
It is worthy of note that the choice of algorithm largely
depends on the expertise of a designer (decision maker)
based on the types of the problem on the ground and avail-
able resources. Other factors that may be considered in the
choice of optimization algorithm are computational costs,
software availability and time constraints for a solution
to be achieved. In Urbanucci (2018), optimization con-
cerning technology-based applications is implemented in

@ Springer
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a three-layered hierarchy. The synthesis, design and opera-
tions are shown in Fig. 13.

Demand response programmes

The main objective of DSM in RE-based DGs is to, as much
as possible, maintain a real-time balance between energy
production and customer demands. Thus, DSM implementa-
tion aims to reduce energy costs resulting from increasing
demands that also overstretch existing utilities. Such energy
cost reduction goals include factors that involve concern
for governments, system operators, utilities and customers.
Other factors include environmental objectives such as emis-
sion reduction. The DSM, in a broader concept, consists of
demand response (DR) programmes and energy efficiency
(EE). DR is described as a designed programme for the
short-term management of energy demands on the customer
side of the electricity network. The DR provides an opportu-
nity for customers to participate in electric grid operations
through shifting or reduction of electricity usage for time-
based rates or financial incentives. The DR programmes are
designed to lower retail rates. Customers are attracted to
respond to DR programmes through offerings such as time-
of-use (TOU) pricing, critical-peak pricing (CPP), real-time
pricing (RTP) and critical-peak rebates (CPR). The DR pro-
grammes also provide the opportunity for direct load control
of heavy appliances such as air conditioners and water heat-
ers. In preferred modern power grids, automatic switching is
employed in diverting or reducing power in strategic places
to avoid overloads and power failure. Advanced metering
infrastructure is used to expand the range of time-based rate
programmes. These programmes also have the potential of
reducing peak demands that save utilities from power pro-
duction and management costs, where expansion and exten-
sion of existing infrastructure are deferred.

Standard residential tariff system

In standard residential tariffs, billings are prepared based
on monthly kWh consumed in addition to metre and equip-
ment charges. The kWh electricity is the actual energy
consumed by customers, whereas metre charges cover
expenses incurred while installing and maintaining elec-
tricity metres. There are two structures upon which stand-
ard residential tariffs are formed. The inverted block rate
structure refers to billings based on tier blocks. The billing
system considers the initial tier with lower rates for kWh
consumed initially within a certain tier block. The subse-
quent tier blocks are charged with rates higher than the
preceding tier blocks. This structure of standard residential
tariff is designed to discourage excessive consumption for
energy conservation purposes. The other tariff structure is
based on declining block rates. The structure is opposed

@ Springer

to energy conservation and makes electricity cheaper as
customer demand increases. The two structures are usually
applied interchangeably to manage the usage of electricity
during the summer and winter seasons.

Residential time-of-use tariffs

Residential time-of-use (TOU) tariff structures are
designed to persuade customers to shift loads away from
peak demand periods. Demands for electricity usually
increase based on seasonal factors. During summer sea-
sons, demands are raised in the afternoon for loads such
as highly rated air conditioners for space comforts. Peak
demand periods during winter are experienced for space
heating. Hence, such periods of higher energy demands are
managed by the application of TOU rates such that more
charges for electricity bills are recorded. In other words,
TOU rates/charges are much higher for electricity usage
during on-peak periods. An example set by Masters (2004)
indicates that TOU rates are more costly than the stand-
ard rates. Based on the foregoing examples, conventional
TOU resembles standard tariff’s inverted block rate and
declining block rate structures, with a more adverse effect
on customer interests. In other words, conventional TOU
is more economically favourable to the utilities. However,
TOU provides opportunities for customers to generate,
use and export electricity to utility systems through net
metering. Customers with roof-top PVs have opportunities
to escape the need for expensive utility-supplied on-peak
electricity. In this case, monthly net electricity consumed
or generated is billed or credited to the customer at appli-
cable TOU rates.

Real-time electricity pricing

Real-time pricing (RTP) is described as the ideal struc-
ture for electricity pricing where the true cost of electric-
ity is reflected in rates that constantly change throughout
the day on a daily basis. The RTP structure of electricity
pricing is offered by utilities based on day-ahead, hour-
by-hour real-time pricing. This proposed tariff structure
is viewed as an improvement over the TOU structure that
attempts to capture the true cost of utility service. The
TOU is viewed to be relatively crude since they only dif-
ferentiate between a structure of a large block of periods
such as on-peaks, off-peaks and partial-peaks. The RTP
may require advanced smart metering equipped with effec-
tive communication facilities. RTP may also swing larger
customers’ use of electricity periodically, a case that may
lead to highly overstretching demands at one time and high
dump energies at the other.
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Implications of climate change
to renewables and energy use in buildings

The RE resources are certainly dependent on climates,
which vary significantly with time and region. The cli-
mates are known to be susceptible to changes, where meth-
odologies in existing literature were used to assess or esti-
mate the implications on RE performance and customer
demands such as the smart buildings. This motivated a
review to assess projects’ quantitative estimates of climate
change that affect RE technologies such as solar, wind,
hydro, biomass and fuel cell. The effort was to address
the economic estimates and value chain based on existing
gaps within the RE technologies and certain geographical
regions (Solaun and Cerda 2019). Errors were observed in
RE capacity (planning) and production (operations) among
the United States and European countries, where attractive
policies and further research were suggested to achieve
reliable RE technology and accurate weather predictions
(Al Irsyad et al. 2019). Gernaat et al. (2021) considered
an integrated assessment model to estimate the effects of
climate change on eight renewable technologies across
warming scenarios.

In addition to the implications of climate change on
the planning and operations of the RE supply system,
the demand side of the utility is also affected. Build-
ings, as examples of the demand side entities, require
designs for efficient energy utilisation. Hence, Cabeza
and Chafer (2020) systematically explored technological
options and strategies towards zero energy buildings. Zhai
and Helman (2019) objected to the existence of several
models for the assessment and mitigation strategies on
climate change without a narrow prediction of its influ-
ence and identified four models accurate enough to predict
the potential energy implications of climate change in a
campus building stock. A statistical and dynamical down
scaling method for the investigation of the energy demands
for space comfort in buildings was utilised (Berardi and
Jafarpur 2020). Flores-Larsen et al. (2019) evaluated the
impacts of climate change on the energy performance in
residential buildings by simulating a compact mid-income
house using EnergyPlus. The software was used to ana-
lyse whether bioclimatic strategies were appropriate for
the design of future buildings.

Building energy management systems (BEMS) are
currently utilised to manage electricity utilisation in
buildings. BEMS is defined as a set of tactics and pro-
cedures used to increase the performance, efficiency
and energy utilisation in a system (Bonilla et al. 2018).
BEMS approaches are divided into two categories, the
active and the passive. The passive approach is based on
offering future strategies and increase in the user’s energy

awareness to indirectly influence and minimise the con-
sumption of energy in buildings. The passive approaches
are sometimes achieved using incentives. Active tech-
niques are based on a combination of the actuators and
sensors infrastructure that exists in a structure. Using
smart building actuators and devices to regulate energy
waste scenarios, they rely on lowering energy waste levels
in their environments (Degha et al. 2019). It is worthy of
note that communication facilities are always essential in
the implementation of active approaches.

Limitations and future considerations

Reliability, stability and economy are the broad objectives
usually attained in optimal DG system planning and opera-
tional design goals, as summarised in Tables 4, 5, and 6.
The major classifications in DG operations were the power
dispatch and the DSM. While appreciating the advantages
of the DSM over power dispatch in RE-based systems, Kylili
and Fokaides (2020) emphasise better DSM implementa-
tions through flexible load management. In recent studies,
traditional strategies such as peak shaving, valley filling,
load shifting and energy arbitrage were implemented, as
exemplified by Augusto et al. (2017), Hossain et al. (2018),
Martirano et al. (2017), Yaghmaee et al. (2017) and Fernan-
dez et al. (2018). However, implementation of the foregoing
strategies affects customer comfort and may not be consist-
ent with the stochastic RE generation and customer demand
patterns at all times. Hence, the case may lead to a high rate
of dump energies and unmet demands. Moreover, energy
curtailments may not be an optimal option as the process
incurs additional losses and increased operational cost impli-
cations. Hence, optimal load management is appropriate for
coordinating customer demands based on real-time supply
availability. In terms of emission control, there may also be
the need for intensive research in real estate to focus on the
development of NZEBs, as demonstrated by Martirano et al.
(2017) and Galisai et al. (2019).

The factors of environment, economy and other social ben-
efits continue to influence the proliferation of modern building
system infrastructure as a global priority among most global
societies. Hence, the importance of sustainability and energy
conservation enhancement is emphasised among home users
of energy. The sustainability and energy conservation empha-
sis is viewed here to influence electricity consumption pat-
terns and affect customer comfort. It is worthy of note that
the strategies used in energy management in buildings mainly
focused on energy efficiency objectives. Hence, the BEMS is
a strategic tool for intelligent grid management, as it allows
interaction among building administrators, customers and utili-
ties for monitoring, regulation and accountability in buildings’
energy utilisation (Sivaneasan et al. 2014).
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The conventional time-of-use (Cy,;,) methods were
considered in achieving load management schemes, as
indicated by Pan et al. (2019), J. Liu and Zhong (2019),
Rubaiee et al. (2019), Oprea et al. (2019) and Chen
et al. (2019). Incidentally, the Cyp,, is fixed and does
not usually appear to reflect the DSM-based desired
operational objectives. It can be recalled that uncertain
demand patterns hardly match RE resource distribu-
tions that periodically differ with the change in climatic
conditions. This implies that the inflexibilities of Cpyy,
may not be capable of enabling customer participation
in optimal load management, where a close matching of
stochastic RE generation and customer demands is the
main goal. Methods such as real-time-pricing (RTP) can
be considered in implementation of load management
due to the customer-oriented features. Moreover, Cryy
is utility-centred, and RTP emphasises on energy price
per unit generation for a given time step. Hybridization
of Cyyy; and RTP may enable customer’s full participa-
tion, through application of actual energy consumption
charges. The proposed hybridization is envisaged to
enable flexible options for customers’ decision on load
scheduling. The benefits of load management expected
to be achieved using the foregoing hybridization could
be a multi-purpose strategy, with many DSM features
such as the load shifting, peak shaving, energy arbitrage,
strategic load growth and flexible load scheduling.

Conclusions

In renewable energy (RE) systems, optimal planning and
operation schemes are implemented using optimization tech-
niques. The methods ensure economic selection and place-
ment of the RE components based on the location’s resource
availability. The RE system operations cover the implemen-
tation of power dispatch and demand side management
(DSM) schemes. The power dispatch is strategic to RE sys-
tem operations. However, the RE resource intermittence and
demand uncertainties render power dispatch complex and
uneconomical. Unstable climatic conditions also contribute
to uncertainties in the RE resources and customer demands.
An instance is the electricity demand for space comforts and
lighting in buildings that seasonally vary. Hence, the DSM
is preferred, as it follows supplies. The DSM also ensures
customer participation in the system’s operational manage-
ment. In emerging smart energy management systems such
as the nearly zero energy buildings, the conflicting objec-
tives of economy, environment and customer comforts are
efficiently reconciled. Hence, the DSM implementations
through demand response (DR) programmes concerning
energy cost and utility tariffs are suggested using any of
the suitable DSM strategies discussed. This implies that

@ Springer

the DSM strategies can be implemented by integration with
the customer-oriented tariffs for residential and commercial
demands such as the conventional time-of-use (Cr,y,), real-
time pricing (RTP) or both.
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