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ABSTRACT
In response to the escalating demand for computing resources in modern datacenters,

it has become imperative to address this challenge efficiently while concurrently
minimizing energy consumption and costs. Recent advancements in power market
operations have introduced innovative demand-response programs, where electricity
consumers, including datacenters, can adjust their power usage in response to
provider requests, thereby optimizing monetary expenses. Among these programs,
regulation service (RS) reserves stand out for datacenters due to their lucrative credit
gain potential and the inherent flexibility of datacenters in regulating power
consumption. Consequently, it is crucial to devise effective bidding strategies for
datacenters to actively participate in emerging power markets, coupled with dynamic
power management policies that are attuned to real-time power market requirements.
In this paper, we introduce ECOGreen, a comprehensive strategy designed to
holistically optimize the datacenter RS problem and virtual machine (VM) allocation,
ensuring compliance with hour-ahead power market constraints. ECOGreen takes into
account the presence of electrical energy storage (EES) and renewable energy sources.
We employ a fast analytical approach to determine optimal power and reserve bidding
values, along with the optimal number of active servers, providing practical and

effective solutions. Furthermore, we present an online adaptive policy within

16


http://www.ijmm.net/

T 7 o

Int. ]. Okaf. Mgmt. 2023 z;i'f Y- T arnation \fo; .' "{" . -\ ARt

ISSN 2454-5007, www.ijmm.net
Vol. 15, Issue. 1, Jan 2023

ECOGreen that modulates datacenter power consumption. This is achieved by
controlling VMs CPU resource limits, efficiently utilizing demand-side EES and
renewable power sources, all while upholding quality-of-service (QoS) constraints.

Our results underscore the effectiveness of ECOGreen, showecasing its ability to
contribute an average of 76 percent of the datacenter power consumption as reserves to
the market. This remarkable achievement is attributed to ECOGreen's adept operation
on renewable sources and EES. Notably, ECOGreen achieves up to a 71 percent
reduction in electricity costs compared to other state-of-the-art datacenter electricity
cost minimization techniques participating in the power market. This underscores the
significance of ECOGreen in achieving a harmonious balance between optimizing

datacenter operations, meeting power market demands, and ensuring cost efficiency.

I. INTRODUCTION
In the era of burgeoning data demands and Markets," seeks to address this critical

the imperative to operate sustainably, intersection of datacenter efficiency,

modern  datacenters face the dual sustainability, and economic viability.

. . . ECOGreen stands as a holistic strategy,
challenge of meeting increasing

computational needs while intricately designed to tackle the dual

) e conundrum of datacenter resource
simultaneously ~ minimizing  energy

consumption and costs. The advent of optimization and electricity  cost

. . reduction within the dynamic landscape
emerging demand-response programs in

power  markets particularly  the of emerging power markets. The project

introduction of regulation service (RS) places a significant emphasis on the

- integration ~ of  green  practices,
reserves, offers a promising avenue for

datacenters to optimize their power usage considering  both  electrical  energy

and realize substantial monetary savings. storage (EES) and renewable energy

This project, titled "ECOGreen:  SOUTCES Its primary objective is to

Electricity Cost Optimization for Green develop efficient bidding ~strategies

Datacenters in  Emerging  Power tailored for datacenters to actively engage

in power markets, capitalizing
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on the lucrative opportunities presented
by RS
ECOGreen incorporates real-time power

reserves.  Simultaneously,
management policies that align with the
evolving requirements of power markets.
This endeavor begins by leveraging a fast
analytical approach to determine optimal
power and reserve bidding values, as well
as the ideal number of active servers,
providing  practical and effective
solutions. ECOGreen then introduces an
online adaptive policy, demonstrating a
nuanced control over datacenter power
consumption. This control is achieved
through the modulation of Virtual
Machines (VMs) CPU resource limits and
the judicious utilization of demand-side
EES and renewable power sources—all
while upholding stringent quality-of-
service (QoS) constraints.

The anticipated impact of ECOGreen is
significant, as it aims to contribute an
average of 76 percent of datacenter power
consumption as reserves to the market.
This
ECOGreen's

renewable sources and EES. Importantly,

achievement is attributed to

adept  operation on
the project is poised to deliver up to a 71
percent reduction in electricity costs when
compared to state-of-the-art datacenter

electricity cost minimization
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techniques  participating in
ECOGreen

pioneering initiative at the intersection of

power
markets. represents  a

green datacenter practices, efficient

resource management, and strategic
participation in emerging power markets,
setting the stage for a more sustainable
and economically viable future for

datacenters.

Il. LITERATURE REVIEW

ECOGreen:
Optimization for Green Datacenters in

Electricity Cost
Emerging Power Markets, Ali Pahlevan;
Marina Zapater; Ayse K. Coskun; David
Atienza,

Modern datacenters need to tackle
efficiently the increasing demand for
computing resources while minimizing
energy usage and monetary costs. Power
market  operators  have  recently
introduced emerging demand-response
programs, in which electricity consumers
regulate their power usage following
provider requests to reduce monetary
costs. Among different programs,
regulation service (RS) reserves are
particularly promising for datacenters
due to the high credit gain possibilities
and datacenters' flexibility in regulating

their power consumption.
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Therefore, it is essential to develop
bidding strategies for datacenters to
participate in emerging power markets
together with power management
policies that are aware of power market
requirements at runtime. In this paper we
propose ECOGreen, a holistic strategy to
the datacenter RS
machine (VM)

allocation that satisfies the hour-ahead

jointly optimize

problem and virtual

power market constraints in the presence
of electrical energy storage (EES) and
renewable energy. We first find the best
power and reserve bidding values as well
as the number of active servers in a fast
analytical way that works well in
practice. Then, we present an online
policy  that

datacenter

adaptive modulates

power
consumption by controlling VMs CPU
resource limits and efficiently utilizing
demand-side EES and renewable power,
while guaranteeing quality-of-service
(QoS) Our

demonstrate that ECOGreen can provide

constraints. results
76 percent of the datacenter power
consumption on average as reserves to
the market, due to largely operating on
and EES. This

translates into ECOGreen saving up to

renewable sources

costs when

state-of-the-art

71 percent electricity

compared to other
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datacenter electricity cost minimization
techniques that participate in the power

market.

ILEXISTING SYSTEM:
In the current landscape of datacenters,
cost

the approach to electricity

optimization often lacks the
comprehensive integration of emerging
power market dynamics, green energy
practices, and real-time adaptability.
Existing systems may focus on traditional
cost minimization techniques, potentially
overlooking the lucrative opportunities
presented by regulation service (RS)
reserves in power markets. Moreover,
many systems may not holistically
consider the integration of electrical
energy storage (EES) and renewable
energy sources as part of their
optimization strategy. The absence of a
unified approach to bidding strategies,
power management policies, and green
energy utilization may lead to suboptimal
performance in terms of cost savings and

sustainability.

IV.PROPOSED SYSTEM
(ECOGREEN)
The proposed system, ECOGreen,

represents a paradigm shift in electricity

cost optimization for datacenters within
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emerging power markets. ECOGreen
introduces a holistic strategy that not only
recognizes the potential of RS reserves
but also integrates  cutting-edge
approaches to virtual machine (VM)
allocation, renewable energy utilization,
and real-time adaptability. The system
aims to revolutionize the way datacenters
interact with power markets,
emphasizing the optimization of power
usage while minimizing costs and
maximizing the utilization of green
energy sources.

Key Features and Components of

ECOGreen:

Optimized Bidding Strategies:
ECOGreen employs a fast analytical
approach to determine optimal power
and reserve bidding values, as well as
the ideal number of active servers. This
ensures efficient participation in power

markets.

Real-time Adaptive Policy:

ECOGreen introduces an online adaptive
policy that dynamically modulates
datacenter power
consumption. This is achieved through
the strategic control of VMs' CPU
and the effective

resource limits
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utilization of demand-side EES and

renewable power.

Integration of Green Practices:

The system places a strong emphasis on
sustainability by incorporating EES and
renewable energy sources into its
optimization strategy, contributing to a
in the carbon

significant reduction

footprint of datacenter operations.

Compliance with Quality-of-Service
(QoS) Constraints:

ECOGreen ensures that electricity cost
optimization does not compromise the
service

QoS

rigorously maintained throughout the

quality  of delivered by

datacenters. constraints  are

optimization process.

Market-leading Cost Savings:
Anticipated to provide up to 71 percent
reduction in electricity costs compared
to existing state-of-the-art techniques,
ECOGreen stands out as a cost-efficient
and sustainable solution for datacenters

in emerging power markets.

V.MODULES:
» Bidding Strategy Module:
Responsible for developing algorithms

and strategies to determine optimal
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power and reserve bidding values in the
power market. This module ensures
efficient participation and maximizes
credit gain from regulation service (RS)
reserves.

> Fast Analytical Approach Module:
Implements the fast analytical approach
to quickly calculate the optimal number
of active servers, enabling the system to
adapt swiftly to changing market
conditions.

» Online Adaptive Policy Module:
Develops an

adaptive policy that

modulates datacenter power
consumption in real-time. This module
controls VMs' CPU resource limits,
efficiently utilizes electrical energy
storage (EES) and renewable power, and
ensures compliance with quality-of-
service (QoS) constraints.

> Renewable

Module:

Energy Integration
Focuses on integrating renewable energy
sources into the datacenter's power
consumption strategy. This involves
coordinating the use of renewable energy
alongside traditional sources to optimize
overall energy consumption.

> Electrical Energy Storage (EES)

Module:
Manages the usage of electrical energy

storage devices within the datacenter.

ISSN 2454-5007, www.ijmm.net
Vol. 15, Issue. 1, Jan 2023

This module ensures effective utilization
of EES to store and release energy based
on market conditions and demand.
» Datacenter Resource Management
Module:
Coordinates VM allocation and de-
allocation based on the datacenter's
power needs, market constraints, and
bidding strategies. This module plays a
crucial role in optimizing the overall
power usage.
» Quality-of-Service (QoS)
Compliance Module:
Ensures that the optimization strategies
employed by ECOGreen do not
compromise the quality of service
delivered by the datacenter. Monitors and
enforces QoS constraints throughout the
optimization process.
» Market Interface Module:
Establishes communication with the
power market, facilitating the exchange
of  bidding
conditions, and other relevant data. This

information,  market
module ensures seamless participation in
the power market.

» Monitoring and Reporting Module:
Monitors the performance of the
ECOGreen system, collecting data on
renewable

electricity cost savings,

energy utilization, and other key metrics.

21

[t = PR IR
F P DUTIAIY T pho sy [ PRSI (00 o 1] Mels S mt ) pemrl C i on et oy
a;i/:"';:iz"";.":::.’e“ 1 lourn: VAL 7 | 15!


http://www.ijmm.net/

Int. J. of Mkt. Mgmt. 2023

Generates reports for analysis and
optimization refinement.

» User Interface Module:

Develops a user-friendly interface for
datacenter operators to interact with the
system. This module may include

dashboards, visualization tools, and
controls for users to monitor and manage

the ECOGreen system.

VI.REFERENCES:

1. J. Koomey, "Growth in data center
electricity use 2005 to 2010" in |,
Oakland, CA, USA:Analytics Press,
2011.
2. M. Dayarathna, Y. Wen and R. Fan,
"Data center energy consumption
modeling: A survey”, IEEE Commun.
Surveys Tuts., vol. 18, no. 1, pp. 732-
794, 2016.
3. Y. Zhang, Y. Wang and X. Wang,
"GreenWare: Greening cloud-scale data
centers to maximize the use of renewable
energy”, Proc. ACM/IFIP/USENIX
Int. Conf. Distrib. Syst. Platforms Open
Distrib. Process.,
pp. 143-164, 2011.
4. C. Stewart and K. Shen, "Some joules
are more precious than others: Managing

renewable energy in the

ISSN 2454-5007, www.ijmm.net
Vol. 15, Issue. 1, Jan 2023

datacenter”, Proc. Workshop Power
Aware Comput. Syst., pp. 45-49, 2009.

5. A. Pahlevan, P. G. D. Valle and D.
Atienza, "Exploiting CPU-load and data
correlations in  multi-objective VM
placement for geo-distributed data
centers”, Proc. Des. Autom. Test Eur.
Conf. Exhib., pp. 1333-1338, 2016.

6. C. Bhringer, A. Lschel, U. Moslener
and T. F. Rutherford, "EU climate policy
up to 2020: An economic impact
assessment", Energy Econ., vol. 31, pp.
295-305, 2009.

7. A. L. Ott, "Experience with PJM
market operation system design and
implementation”, IEEE Trans. Power
Syst., vol. 18, no. 2, pp. 528-534, May
2003.

8.

"Manual 2: Ancillary services manual
v3.26", 2013, Available:
http://www.eia.gov/forecasts/aeo.

9. H.Chen, Y. Zhang, M. Caramanis and
A. K. Coskun, "EnergyQARE: QoS-

aware data center participation in smart

[online]

grid regulation service reserve
provision”, ACM Trans. Model. Perform.
Eval. Comput. Syst., vol. 4, 2019.

10.D. Aikema, R. Simmonds and H.
Zareipour, "Data centres in the ancillary
services market", Proc. IEEE Int. Green

Comput. Conf., pp. 1-10, 2012.

22


http://www.ijmm.net/
http://www.eia.gov/forecasts/aeo

Int. J. of Mkt. Mgmt. 2023

U7 Tnternational Journal of Marketing Management

11.H. Chen, A. K. Coskun and M. C.
Caramanis, "Real-time power control of
data centers for providing regulation
service", IEEE Conf.
Control, pp. 4314-4321, 2013.

12.B. Kirpes and S. Klingert, "Evaluation

Proc. Decis.

process of demand response
compensation models for data centers",
ACM Int. Workshop Energy
Efficient Data Centres, pp. 1-6, 2016.

13.H. Chen, C. Hankendi, M. C.

Caramanis and A. K. Coskun, "Dynamic

Proc.

server power capping for enabling data
center participation in power markets",
Proc. IEEE/ACM Int. Conf. Comput.-
Aided Des., pp. 122-129, 2013.

14.H. Chen, M. C. Caramanis and A. K.
Coskun, "The data center as a grid load
stabilizer", Proc. Asia South Pacific Des.
Autom. Conf., pp. 105-112, 2014.

15.M. Pawlish, A. S. Varde and S. A.
Robila, "Analyzing utilization rates in
data centers for optimizing energy

management”, Procc. Int.  Green
Comput. Conf., pp. 1-6, 2012.

16.L. Liu et al., "GreenCloud: A new
architecture for green data center"”, Proc.
ACM Int. Conf. Ind. Session Autonomic
Comput. Commun. Ind. Session, pp. 29-

38, 2009.

ISSN 2454-5007, www.ijmm.net
Vol. 15, Issue. 1, Jan 2023

17.L. Wang and S. U. Khan, "Review of
performance metrics for green data
study”, J.
Supercomput., vol. 63, no. 3, pp. 639-
656, 2013.

18.1. Goiri et al., "GreenSlot: Scheduling

centers: A taxonomy

energy consumption in green
Conf. High
Perform. Comput. Netw. Storage Anal.,
2011.

19.M. Ghamkhari and H. Mohsenian-
Rad,

management of green data centers: A

datacenters”, Proc. Int.

"Energy and  performance
profit maximization approach”, IEEE
Trans. Smart Grid, vol. 4, no. 2, pp.
1017-1025, Jun. 2013.

20.X. Deng, D. Wu, J. Shen and J. He,
"Eco-aware online power management
and load scheduling for green cloud
datacenters”, IEEE Syst. J., vol. 10, no. 1,
pp. 78-87, Mar. 2016.

21.H. Farhangi, "The path of the smart
grid", IEEE Power Energy Mag., vol. 8,
no. 1, pp. 18-28, Jan./Feb. 2010.

22.H. Dou, Y. Qi, W. Wei and H. Song,
"Carbon-aware electricity cost

minimization for sustainable data
centers”, IEEE Trans. Sustain. Comput.,
vol. 2, no. 2, pp. 211-223, 2017.

23.H. Chen, Z. Liu, A. K. Coskun and A.
Wierman, "Optimizing energy storage

participation in emerging power

23


http://www.ijmm.net/

Int. J. of Mkt. Mgmt. 2023

U7 International Journal of Marketing Management

markets”, Proc. Int. Green Sustain.
Comput. Conf., pp. 1-6, 2015.

24.M. Ghasemi-Gol, Y. Wang and M.
Pedram, "An optimization framework for
data centers to minimize electric bill
under day-ahead dynamic energy prices
while

providing regulation

services", Proc. Int.
Conf., pp. 1-9, 2014.
25.B. Aksanli and T. Rosing, "Providing

regulation services and managing data

Green Comput.

center peak power budgets", Proc. Des.
Autom. Test Eur. Conf. Exhib., pp. 1-4,
2014.

26.Z. Liu, I. Liu, S. Low and A.
Wierman, "Pricing data center demand
response”, ACM SIGMETRICS Perform.
Eval. Rev., vol. 42, no. 1, pp. 111-123,
2014.

27.J. Kim, M. Ruggiero, D. Atienza and
M. Lederberger, "Correlation-aware
virtual machine allocation for energy-
efficient datacenters", Proc. Des. Autom.
Test Eur. Conf. Exhib., pp. 1345-1350,
2013.

28.W. Lin, S. Xu, J. Li, L. Xu and Z.
Peng, "Design and theoretical analysis of
virtual machine placement algorithm
based on peak workload characteristics",
Springer Soft Comput., vol. 21, pp. 1301-

1314, 2017.

ISSN 2454-5007, www.ijmm.net
Vol. 15, Issue. 1, Jan 2023

29.A. Pahlevan, X. Qu, M. Zapater and
D. Atienza, "Integrating heuristic and
machine-learning methods for efficient
virtual machine allocation in data
centers”, IEEE Trans. Comput.-Aided
Des. Integr. Circuits Syst., vol. 37, no. 8,
pp. 1667-1680, Aug. 2018.

30. A. Pahlevan, X. Qu, M. Zapater and
D. Atienza, "Integrating heuristic and
machine-learning methods for efficient
virtual machine allocation in data
centers”, IEEE Trans. Comput.-Aided
Des. Integr. Circuits Syst., vol. 37, no. 8,
pp. 1667-1680, Aug. 2018.

31. X. Ruan and H.

"Performance-to-power  ratio

Chen,
aware
virtual machine (VM) allocation in
energy-efficient clouds”, Proc. IEEE Int.
Conf. Cluster Comput., pp. 264-273,

2015.

24


http://www.ijmm.net/

