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Abstract — Electricity sustainability of hybrid strength structures is basically a multi
goal, multiconstraint problem, where the energy device calls for the capability to
make speedy and sturdy selections regarding the dispatch of electrical electricity
produced by means of era belongings. strength control is becoming one of the
fundamental issues from remaining a few years because of an exponential increase
inside the smart device customers for accessing various services from the geo-
dispensed cloud records centers (DCs) using internet. these offerings are supplied to
the quit customers with the aid of various geographically placed DCs which might
be hosted by exceptional carrier carriers which includes—Miicrosoft, Amazon, IBM
and many others. And the software-defined network (SDN) gives a possible method
to the inflexible trouble of traditional community structure. based on SDN era, this
paper proposes a method of energy consumption control primarily based on cloud
facts middle. The mixing of big sun heating systems in district heating (DH)
networks with massive blended combined heat and power (CHP) plants (CHP) is
not often taken into consideration. this is often because of low prices for warmth but
also due to subsidies for the energy via CHP flowers. feasible adjustments in
subsidies and requirements in the reduction of fossil gasoline based totally CO2
emissions enhance an attention of improving the operational flexibility of fossil
fuelled CHP plant life. This paper gives a alternatively simple but precise technique
of which include large solar heating systems in an present district heating system,
where warmness is provided via a massive CHP plant. This take a look at targets to
maximise the utilization of renewable power source and industrial waste heat
(IWH) for urban district heating structures in each heating and non-heating seasons
via the use of huge-scale seasonal thermal storage.

Keywords:  Energy  Management;  SDN-Controller;  Thermal  Systems;
Thermochemical storage.

[. INTRODUCTION

An SDN-based totally energy control scheme for sustainability of cloud statistics centers is
designed. A strength buying and selling and reward point scheme is designed to attract the EVs to
participate inside the power control at the information facilities. The charging discharging strategy for
electric cars participation has been designed to eliminate the intermittency troubles of renewable power
resources [1].

Many existing studies proposals have explored strength management of DCs with admire to issues
which includes—fee minimization, power-performance, and uncertainty of demand.
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Qiu et al. [2] proposed a value minimization scheme primarily based on dynamic migration of person
requests amongst geo-distributed DCs.

Li et al. [3] proposed an energy demand management scheme for rate sensitive batch computing
workload with an aim of strength price minimization.

Rao et al. [4] focused on minimization of danger due to uncertainty in deregulated strength markets at
the same time as maintaining overall performance of DCs.

Tran et al. [5] proposed a Stackelberg game for call for reaction control among DCs and grid. The
proposed scheme uses dynamic server allocation and workload transferring amongst DCs with an
mtention to reduce the operational price.

Polverini et al. [6] proposed a thermal-conscious scheduling of batch jobs in geo-allotted DCs for
electricity fee minimization.

Buyya et al. [7] defined an power minimization scheme via continuous consolidation of virtual
machines (VMs) with recognize to the modern usage of resources.

In a related work, Dai et al. [8] designed rapid algorithms to location an electricity-efficient virtual
clusters, into VMs with a focus on supplying energy-efficient Quality of Service (QoS).

Wang et al. [9] proposed an optimization scheme for minimization of electricity together with QoS
assure for information extensive offerings all of the above mentioned proposals centered on energy/ fee
minimization by means of most excellent scheduling of workload amongst geo-disbursed DCs with
admire to dynamic pricing provided by means of clever grid.

Yu et al. [10] designed an optimization approach for electricity management machine to deal with
power outages the usage of RES, backup mills, and battery control.

Paul et al. [11] proposed a scheme for demand response the use of energy-efficient resource scheduling
with integration of RES.

II. RENEWABLE ENERGY SOURCES FOR ENERGY MANAGEMENT OF DCS

However, none of the above proposals have focused on integration of RES with DCs for
minimizing the carbon emissions to ease the burden on strength grid. Some of the research proposals
have applied RES to control the energy intake of DCs to a degree.

However, none of the existing proposals have utilized the charging and discharging functionality
of EVs to control the intermittency of RES for sustainability of DCs. various current studies proposals
provided the penetration of EVs to tackle the mtermittency of RES.
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TABLE 1: TRADITIONAL NETWORKS VS SDN-BASED NETWORK

Parameters SDN Traditional networks

Methodology Centralized protocol Dedicated protocol for each problem

Configuration Automated and programmable Manual and error-prone

Contral Cross layer and dynamic Single layer and static

Implementation Software-based environment Hardware-based environment

Architecture Decoupled layers (Data, control, and application) Coupled layers

Extensibility Open to new innovarions due to software-based implementation Limited implementation of new innovations due to hardware
limitations

Forwarding Flow-based Routing table based

Control flow Programmable and reconfigurable Uses traditional protocals

Hardware Vendor independent Vendor dependent

Virtualization Network and server Not available

Network segmentation Easy Complicated

Data flow Multiple paths for same flow Fixed path

A. Evolution of Software-Defined Networks (SDN)

With an integration of RES and EVs with DCs, a big quantity of load at the network could be
generated because of numerous requests flow throughout distinct DCs. For this cause, there's a demand
of an effective, programmatically configured, scalable, bendy, and adaptable underlying community
spine. on this context, an rising structure together with software program-described networks (SDN)
could make community control as strength-efficient and effective. In SDN, the underlying inner
mfrastructure is abstracted from the programs and community control capabilities.
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Fig-1: System model for proposed scheme

An SDN-based totally energy control scheme is designed to sustain the strength intake of DCs
the use of renewable strength. For this reason, an power-aware go with the flow scheduling scheme is
designed for SDN controller.
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.  SYSTEM MODEL

Fig. 1 shows the machine version of the proposed scheme comprising ofa regular DC connected
to an energy garage unit (ESU) and three exceptional resources of electricity (RES, EVs, and utility
grid).

A typical DC consist of servers, memory, storage, and community gadgets that are applied to
perform the recurring jobs based on stop consumer requests. The DC consumes huge amount of energy
while accomplishing these habitual jobs based on give up consumer requests. historically, a DC is
attached to utility grid to meet its energy call for. however, in proposed scheme, the DC is attached to 3
resources of power to control its electricity call for. The three strength resources and ESU which can be
linked to DC are discussed within the next sub-sections.

TABLE 2: CLASSIFICATION OF VARIOUS ENERGY STORAGE SYSTEMS

Energy storage systems

Mechanical « Pumped hydroelectric storage:
—Advantages: Invelved in energy management in the fields of time shifting. frequency control, supply reserve, etc.
—Disadvantages: Long construction time and high capital investment. « Compressed air energy storage:
—Advantages: Beneficial in load shifting, peak shaving, frequency/voltage control, and renewable energy applications.
—Disadvantages: Low round trip efficiency and investment cost depends on geographical location.
 Flywheel energy storage: —Advantages: High cycle efficiency and power density, no depth-of-discharge effects, and
easy maintenance.
—Disadvantages: ldling loss during time when flywheel is on standby, i.e., high discharge rate, upto 20%.

Electrochemical » Battery energy storage (Lead acid, NiCd, NiMh, Nas):

—Advantages: Short construction period, flexibly, in-house deployment.

—Disadvantages: Low cycling time, and high maintenance costs.

eFlow battery energy storage (Redox flow, Hybrid flow):

—Advantages: Power is independent of storage capacity, low self-discharge rate

—Disadvantages: High manufacturing costs, non-uniform pressure drops, highly complicated system requirement.
Chemical eHydrogen (Electrolyzer, Fuel cell, SNG):

—Advantages: Quieter, lower pollution, high efficiency and scalability

—Disadvantages: Cost reduction and durability verification required for deployment in large-scale applications

Electrical « Double-layer capacitor:
—Advantages: High power density & response time, high cycle efficiency.
—Disadvantages: High capital cost, high self-discharge rate, and negative environment impact.
 Superconducting magnetic coil:
—Advantages: High power density and shorter charging time.
—Disadvantages: Limited capacity, low energy density, and high self-discharge rate.

Thermal storage « Sensible heat storage:
—Advantages: Low self-discharge rate & capital cost, high storage density.
—Disadvantages: Low cycle efficiency.

The essential objective of this work is to maintain the power consumption of DCs the use of
RES. For this motive, the energy generated through each DC is computed the usage of climate lines.
The DC is hooked up to n-residence renewable power era assets, i.e, PV panels and wind turbines.

IV.  ENERGY CONSUMPTION OPTIMIZATION (ECO) FRAMEWORK

The layout scheme of electricity saving optimization of cloud records middle community based
totally on SDN, which offers the mixing of digital gadget migration mechanism based on hybrid
partheno-genetic set of rules, to find a way to maximise reduce server virtual device packing scheme of
electricity intake, reducing system power intake of the entire cloud information middle. eventually, the
effectiveness and advantages of this scheme are analyzed by simulation test [12].

The electricity consumption of cloud statistics center is particularly composed of 3 components:
power distribution and refrigeration strength consumption, electricity consumption of server and garage
gadget, and power consumption of network device, as proven in Fig. 1. It specializes in factors of
power intake and energy consumption of network system, server, talked about the related concept
gadget, mainly along with optimization module: digital gadget screen optimization module and
community power saving management module, short description is as follows:
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A. Virtual optimization module
The digital device monitoring optimization module obtains the virtual device jogging country
monitored via the digital machine controller and the digital machine waft data monitored by means of
the SDN controller on a normal foundation, to workout the optimization algorithm, generate the virtual
device migration scheme and deliver it to the digital device controller for implementation, and notify
the SDN controller to update the transfer drift table to support the brand new digital machine place.

B. Network energy saving management module
The network energy saving management module includes optimization choice component and
electricity control factor. The characteristic of the optimization selection issue is to calculate the
minimum community topological subset pleasurable the cutting-edge waft primarily based at the float
information at the SDN controller, and its input is the strength consumption model of network topology,
glide matrix and switches; the energy control aspect is liable for the power consumption manage of the
transfer, such as port establishing and shutdown, transfer dormancy and wake, and so on.

V. VIRTUAL MACHINE MIGRATION INTEGRATION BASED ON HYBRID
SINGLE-PARENT GENETIC ALGORITHM

A. Problem analysis

Data facilities are going through serious challenges to reduce electricity intake and cost financial
savings. in the procedure of statistics middle operation, it is essential to ensure accurate overall
performance. therefore, it's far inevitable that such resource waste phenomenon exists, and power
saving is a long-time period trouble. Server virtualization is one of the critical generation of cloud
computing, using server virtualization era, the server's bodily assets summary into a huge aid pool, to
each in line with his need, the aid with a purpose to lessen its power intake to a notable volume, and can
obviously keep the operation value.

04 L population mean 9

Fig-2: Algorithm optimization process chart
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VI. THERMAL SYSTEMS

The combination of sun thermal systems in DH structures is a increasingly commonplace
practice in a few countries. the overall concept at the back of such as sun collector fields in DH
networks is to decrease or maybe absolutely supply the low heat demand ofa DH network during the
summer months [13]. Previous studies have shown that a high sun fraction in sun district heating is
viable handiest by using introducing a massive scale seasonal garage into the machine: because the
Eighties Denmark and Sweden have built many solar heating flora [14]. In a number of these instances
a seasonal garage is used to provide a sun fraction even above 50% of the full device demand. The high
taxation of primary power resources supported the objectives in Denmark that cause seasonal storages
that are most effective viable in a completely massive scale [15]. In evaluation to the Danish and
Swedish developments solar DH structures in Germany began to be constructed later, at the start of the
Nineties. The reason for this improvement can be explained due to the reality that big DH structures in
Germany are generally supplied by means of massive CHP plant life. those flowers are often running as
base load electricity manufacturers and might deliver warmth and strength at a value-efficient degree
during summer and wintry weather because of investment thru the CHP production law (KWKG) [16].
In addition to the availability of low-price warmth, high and really high device temperatures in the DH
systems also prevented solar warmth producing systems [17]. In the example instances of the DH
gadget in Chemnitz and Salzburg, most effective a huge exchange in the gadget structure in a single
district made a change viable [18].

Opportunities of such as solar collector systems in existing DH networks that are not
approximately to trade notably and are using massive scale CHP flora as a prime warmth supply had
been hardly ever analysed. due to this, preceding research especially cognizance on solar district heating
structures with seasonal storage for new-built district heating structures. Yang et al. [19] have presented
the impacts of integration of local allotted sun garage system with centralized quick- and long-term
storage structures on the overall overall performance of a sun district heating machine. according to that
have a look at the degree of saving or reduction is depending on the scale aggregate of each centralized
and allotted solar systems. The monetary angle but has not been included. Lozano et al. [20] have
presented the effects of an economic analysis of sun heating plants in Spain, however, specializing in a
big-scale machine with seasonal garage, only. different recent studies have offered results from
TRNSYS simulations of centralized sun heating vegetation with seasonal storage answers [21-23].
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Fig-3: Project focus: The solar thermal field and the thermal storage are located between main-network and sub-network
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This paper gives components where a solar thermal machine can be useful for a DH device
based totally on a big-scale CHP plant and the way such a solar thermal gadget needs to be dimensioned
without the want of a seasonal storage. The work was finished by way of evaluating the burden pattern
of part of an current DH device in Germany (see Fig. 3). inside the given case the machine analysis
changed into based on the following conditions and goals:

e A fixed minimal deliver temperature in a linked sub network that isn't always wanted in the
whole system

e A long connection pipeline between the main community plant and the connected sub-
community

e Reduction of primary energy factor (PEF)
¢ Reduction n CO2 emissions

Thinking about the pursuits of the network proprietor distinct methodologies of such as a sun
collector area were advanced. in the given case, a solution without a neighborhood backup boiler is
desired; as an alternative a daily reheat of a thermal garage from the large CHP plant become advised.
To allow for an analysis of this as an alternative specific case, the authors decided that the improvement
of a MATLAB code with the maximum widespread relations can less complicated meet the desired
facts of the DH network proprietor than a more complex TRNSYS simulation.

A. Integration of solar heat into present DH systems

The calculations for this challenge were executed in MATLAB and are based totally on 4 years
of measurements of warmth consumption, quantity glide and float temperatures. Values in 15 min time
steps for the sun radiation of an average day of each month were imported from PVGIS for the precise
location. additional weather assessment has been done the usage of out of doors temperature
mformation from 1974 to 2014 from Germany's country wide Meteorological service.
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Fig- 4: Methodology for the integration of solar heat into present DH systems
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Fig. 4 below visualizes the methodology for the calculation algorithm used for the venture. enter
statistics of the simulation version comprehend weather records, DH machine specification information,
solar collector records and statistics of the thermal storage. Simulation scenarios wherein calculated for
exceptional values of the yearly solar fraction, thinking of the dependence among collector and storage
inlet and outlet temperatures. Output facts of the scenario simulation cowl the solar collector, the
thermal garage and patterns of device operation. to evaluate the special eventualities the particular CO2
financial savings are calculated as key overall performance indicator.
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Fig-5: Example of maximum solar radiation on a median day ona south orientated 35 tilted floor in southern Germany

a. Area selection

Field sizes had been calculated relying on 5 eventualities with specific annual solar fraction SF
of 5%, 10%, 15% and 20% of the total annual warmness consumption. Moreover, one technique
ambitions to supply the warmth consumption of July absolutely, which corresponds to 14% sun
fraction, due to the fact this is the month with the lowest consumption during the year.

b. Storage dimensioning

For this task it was required to save most effective the excess solar warmness that can be
received within a single day and dimension the storage size accordingly. Fig.6 is a top level view of the
month-to-month solar power gain m in comparison to the monthly electricity call for of the sub-
community for exclusive values of solar fraction SF. At an annual sun fraction of 14% the solar heat
strength absolutely covers the heat call for in the month of lowest call for (July) e a similar technique to
satisfy the summer season load with opportunity warmth sources.
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Fig- 6: Monthly net solar advantage in comparison to call for situations with unique solar
fraction.

c. Storage operation

To permit the sub-community to perform as independently as feasible without having a
backup boiler it's miles considered that the garage is reheated as soon as per day. on this situation
the recharge from the principle-network is set to be completed each evening at 21.00 h with a
deliver temperature of eighty C which corresponds to a mean supply temperature during summer
within the main-network. Which means at some point of summer time 3 distinct temperature
zones will expand within the garage; one with the DH go back temperature, one with 80 C from
the CHP plant and one with a most of ninety five C from the collector discipline.

d. Storage temperature levels

DH supply and go back temperatures influence the collector inlet and outlet temperatures
whilst connecting the device to the thermal garage whereas inlet and outlet temperature decide
the collector performance appreciably. as the thermal storage wishes to be charged in the course
of summer with better temperatures to achieve a higher garage ability an new release step is
needed. therefore, an new release step changed into blanketed when calculating storage
parameters. to utilize the thermal garage to its maximum the garage temperature was set to a
most of 95 C. For the times that the garage is charged to its most the collector outlet temperature
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needs to be at the least 95 C. With the adjusted temperatures and thereby changed efficiencies
the location and storage calculation has to be repeated.

e. CO2 emissions

A CO2-emission factor of 172 g/kWhneat was predefined for this look at. This value is
valid for typical contemporary fossil-fuelled CHP units. other CO2 emission factors for German
DH systems.

VII. FUTURE SCOPE

1. Future work will examine the monetary performance of this type of gadget and could
apply the method on working DH device.

2. This includes especially indirect advantages of sun thermal integration that could arise in
a district heating sub-network and expenses that relate to large CHP centers.

3. There may be necessarily be disagreement with the network reality in simulation.

4. The following consideration is to use the set of rules to the real network to verify if the
algorithm design satisfies the real needs of the cloud mformation middle.

5. In addition, the business interruption because of the digital system migration needs to be
deployed to the actual network for commentary and size to offer better choice help.

6. Commercial enterprise interruption recuperation time whilst migration is done on
exclusive commercial enterprise hundreds, exclusive virtual system types (Shared storage
and non- shared storage).

VIII. CONCLUSION

In this review paper, a SDN-based totally DC power control scheme is proposed using
RES alongside penetration of EVs. The reason of the proposed machine is to maintain the
electricity intake of DC the use of RES. but, due to intermittent nature of RES, it will become a
challenging venture. For this purpose, EVs are used to assist the strength consumption of DC. A
reward point scheme is proposed to draw the participation of EVs. The SDN-based totally
electricity management algorithm correctly managed the combination of numerous additives. In
destiny, strength-green techniques along with—VM consolidation, packing containers, and so
on. might be explored to minimize the strength intake associated to the computing obligations of
DCs that allows you to manage the sustainability of DCs without the help of EVs.

The results of this work show that which includes sun heat in a DH sub-community is
feasible from the technical attitude and improves naturally the ecological overall performance of
the system. The results of the presented calculations can be advanced through optimizing the
garage recharging time and stage in addition to by using including the piping machine as a brief
storage. In the instance case a DN300 pipe without extractions gives a further precise extent of
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78 m3 /km to be taken into account for storing water at 80 C for a short time as soon as an
afternoon. but, in that case the warmth losses of the pipeline need to be considered, as well.

A seasonal thermal storage of IWH and sun energy for city district heating is introduced
on this paper. The project is a brand new try to explore utilizing renewable energy or waste
warmth extra correctly. Evaluating with the existing STES packages, the demonstration
challenge brings a number of new capabilities which include (1) the system does now not require
fossil gas as auxiliary heating resources. (2) With the aid of achieving the ground garage quantity
as much as 500,000m3 and optimizing BTES configuration, warmth loss ratio of the system may
be decrease than ninety%. (3) Warmth extraction by direct warmness trade, in place of the use of
electric warmth pumps is carried out
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