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Abstract—The growing demand for power to support new cloud
services raises the question of how to power future data center in-
frastructures. A power microgrid and cloud simulator that can act
as a unified digital twin of these new infrastructures is crucial for
studying emerging scenarios. In this article, we propose Artemis,
a co-simulation environment for power microgrids and cloud data
centers. Artemis extends the combination of the CloudSim Plus
simulator and the Amethyst virtual machine allocation and migra-
tion policy with a generalized power microgrid model. Ultimately,
Artemis enables the study of modular power microgrids with
custom electrical policies and returns performance metrics and
visualizations of the data center’s status under observation.

I. INTRODUCTION

With the emergence of new technologies based on artificial

intelligence (AI) and the growing attention in sustainable devel-

opment, the demand for sustainable data centers and sustainable

energy sources is rapidly increasing [1], [2]. To avoid power

outages and reduce electricity costs and carbon footprint, many

data centers are supported by power microgrids, which pro-

vide renewable power generation and power storage, thereby

enhancing energy efficiency, sustainability, and reliability [3]

(see Figure 1). Examples of power sources adopted by such

microgrids include traditional solar farms, wind turbines, and

thermal plants, as well as more recent solutions such as on-

site small modular reactors (SMRs) [4] and sand batteries [5].

The combination of these electrical technologies makes modern

power microgrids complex to study [6]: determining which

power resources to use and which electrical policies to apply

is challenging, especially when connected to a data center with

variable workloads.

The literature is rich in simulators that consider power mi-

crogrids and data centers as distinct entities [7]–[9]. However,

few tools combine these two aspects in a unified simulation

system [10]–[13], and, to the best of our knowledge, none

of them allows us to study a modular power microgrid with

custom electrical policies and observe how the data center

reacts and vice versa. Having complete control over the power

microgrid is essential for studying how different configurations

affect the data center and for answering questions such as: What
happens if we add a wind turbine to our system? What happens
if we remove the storage and use a policy that constantly draws
on fossil fuels?

In this paper, we present ARTEMIS, a power microgrid and

cloud co-simulation environment developed to help answer

these questions. Artemis extends CloudSim Plus [14] and the
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Fig. 1. Heterogeneous electrical systems compose the power microgrid. The
electrical policy determines the power amount drawn from each resource and
injects it onto the electrical distribution power lines leading to the data center.

Amethyst virtual machine (VM) migration and allocation algo-

rithm [15] for data center VM orchestration with a generalized

power microgrid model. The combination of these components

enables a unified, extensible simulation environment in which

the data center responds to the power microgrid’s electrical

policy and the runtime workload. The contributions of this

article are:

• A framework that unifies power microgrid and data center

models in a single simulated environment;

• An evaluation of the proposed framework with different

electrical policies, microgrid configurations, and data cen-

ter workloads.

The Artemis framework is available as open source [16]. The

rest of the paper is organized as follows. Section II outlines

the proposed framework, which is detailed in Section III.

Section IV presents the simulation results. Finally, Section V

summarizes the state of the art and Section VI draws our

concluding remarks.

II. ARTEMIS OVERVIEW

Artemis is a framework built on CloudSim Plus [14] and

Amethyst [15]. Given a power microgrid configuration, an

electrical management policy, a data center configuration, and

a workload, it simulates the infrastructure and evaluates its

overall performance.

The power microgrid is a localized energy system that can

generate, store, and distribute electricity, either independently

or in coordination with the principal electrical grid. It is

composed of several electrical systems (typically photovoltaic

panels and wind turbines) and storage units (i.e., batteries)



managed by an electrical policy that allocates available power

to satisfy a given power demand [17], [18].

We design the power microgrid to serve a data center,

configured as several hosts that can change their configuration

at runtime to adapt to the data center’s and power microgrid’s

needs, e.g., due to multi-variant hardware. We consider two

possible computing modes: low-power (e.g., use the hardware

variant that consumes the least power) and max-quality (e.g.,

use the hardware variant that guarantees the highest quality-

of-service (QoS)). Host workload is modeled as VMs and

Cloudlets (e.g., tasks executed on the VMs) [14].

Figure 2 summaries the architecture of Artemis. The baseline

is implemented in CloudSim Plus (blue), on top of which

Amethyst builds the data center orchestration model (pur-

ple) [15]. Artemis extends such a simulation with the power

microgrid model (yellow), so that power configuration and

management policy influence the data center:

• Amethyst computes power overall request at time t, based

on the data center’s upcoming activity (e.g., the next

scheduling instance t in the simulation);

• the microgrid estimates the available power from both

renewable and non-renewable sources, and applies an

electrical policy that can prioritize renewable sources,

balance storage usage, or apply any desired strategy for

the power side of the system;

• the output of the policy is the allocation of power demand

onto the different classes of power providers;

• based on the power solution, the Amethyst policy orches-

trates the data center, determining active hosts (e.g., active

servers), computing modes, and VM allocation.

III. ARTEMIS SIMULATION ENVIRONMENT

This section details the Artemis simulation environment.

Amethyst manages the simulation, exploiting the CloudSim

event-driven scheduling to evaluate VM allocation and migra-

tion at fixed time steps. We extend Amethyst to concurrently

invoke the power microgrid simulation, sending the calculated

data center power demand. After that, the microgrid returns a

power solution according to the active electrical policy.

A. Data Centers Orchestration Model

Amethyst is a VM allocation and migration algorithm that

aims to reduce carbon emissions in data centers through VM

intelligent management. It is an extension to CloudSim Plus

for power-aware data center orchestration.

The algorithm takes available power as input, distinguishing

between renewable and fossil fuel sources, and computes two

dynamic consumption thresholds (e.g., lower-bound and upper-

bound thresholds). Its goal is to keep each host’s consumption

within the two thresholds.

Amethyst will attempt to configure the hosts in low-power

mode and consolidate the VMs before pausing the execution

of some workloads or, in extreme cases, shutting down the

machine if the host consumption exceeds the power thresholds.

Conversely, it will configure the hosts to max-quality mode if

power is sufficient. This configuration takes into account the

available power input by distinguishing green and fossil fuels
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Fig. 2. Proposed framework. The figure highlights the Artemis extension
(yellow) and the relations with CloudSim Plus [14] and Amethyst [15]. The
two-colored blocks indicate that the blocks, originally present in CloudSim
Plus and Amethyst, have been extended in the current work.

(to consider carbon emissions in the policy). However, power

inputs are fixed temporal traces; thus, the impact of power

aspects on the data center is limited.

1) Data Center Power Estimation: In this work, the main

consumers are the hosts in the data center. Amethyst estimates

the data center’s power demand, PDdc(t) as:

PDh(t) = SPh(t) + Uh(t) · (MPh(t)− SPh(t))

PDdc(t) =

Host∑
h

Ah(t) · PDh(t)
(1)

where Uh(t) is host’s resources percentage used, PDh(t) is the

power demand of the host h at time t, SPh(t) and MPh(t) are

the static and maximum power of host h at time t, respectively,

and Ah(t) indicates whether host h is active at time t. SPh and

MPh may vary over time depending on the computing mode.

B. Power Microgrid Model

The goal of Artemis is to support Amethyst with a simulat-

able implementation of the available power. The power gener-

ation becomes a design parameter to support data center sim-

ulation, with the possibility to compare alternative microgrid

configurations. Several classes of electrical systems, each with

a distinct role in generating, storing, converting, distributing,

and controlling power, form the microgrid [19]. Power sources

actively generate power, e.g., from solar irradiance or wind,

while power storage units (e.g., batteries) balance supply and

demand and provide power backup.

Given that the goal of a microgrid for server farms is to

serve continuous 24/7 demand with very high reliability and

redundancy, the microgrid will include several types of power

sources and storage devices. We describe each electrical system

by its produced power, Pes(t).

1) Solar Panel Model: We model the solar panel as pre-

sented by Dubey et al. [20]. The output of a solar panel varies



as a function of the global horizontal irradiance GHI(t) and

its area a and temperature K(t):

EFs(t) = cp · [1− ct · (K(t)− nt)]

Pes(t) = EFs(t) ·GHI(t) · a (2)

where EFs(t) is panel efficiency calculated from the constants:

panel cell efficiency factor cp, panel loss percentage per degree

ct, and panel nominal temperature nt.
2) Wind Turbine Model: We model the wind turbine as

proposed by Kim et al. [21]. The output of a wind turbine varies

as a function of air pressure AP (t), air temperature K(t), wind

speed V (t), and rotor blade radius br:

AD(t) =
AP (t)

ρ ·K(t)

Pes(t) =
1

2
· cp · π · br2 ·AD(t) · V (t)3

(3)

where ρ is the gas constant for dry air, AD(t) represents air

density, and cp is a constant power coefficient of the turbine.

3) Thermal Plant Model: Simulating a thermal power plant

is complex as it is composed of multiple sub-systems (e.g.,

boiler, turbine, and steam transmission), each with dedicated

models [22]. Modeling such a solution in detail is beyond the

scope of this article. Artemis models the thermal power plant in

a simplified way [23]. Power plant output is given by a constant

value tp subject to a power plant efficiency EFt(t) as:

Pes(t) = tp · EFt(t) (4)

4) Storage Model: Artemis models the storage battery as a

simplified discrete-time Markov chain with N + 1 states [24].

The state number N corresponds to the number of charge units

available in the battery. The charging or discharging of a charge

unit determines the movement along the chain: a charge unit

is consumed with probability q or recovered with probability

1 − q, and the battery is empty when the system reaches the

absorbing state 0. In Artemis, we replace the probability q of

taking an action with a simulated action determined by the

electrical policy. The storage is a special electrical system that

can also act as a power consumer when discharged. Therefore,

in addition to Pes, we also model its power demand PDes.

Note that the power microgrid does not necessarily have to

satisfy this power demand, but it can defer it over time. The

resulting model is as follows:

Pes(t) =

{
pu · EFb(t) cu < N + 1

0 otherwise

PDes(t) = cu · pu · EFb(t)

(5)

where pu is the power contained in a charge unit, EFb(t) is

the efficiency of the battery at time t and cu is the number of

unit charges consumed.

C. Electrical Policy Model

The electrical policy is a model that takes as input the set

of electrical components in the power microgrid ES(t) and

the data center power demand PDdc(t) and returns an power

solution S(t) = {sc0(t), . . . , scn(t)} representing the set of

power quantities per considered resource category. A resource

category c ∈ C is an abstraction for defining complex decisions

on the available power, e.g., the type of power produced, such

as renewable or fossil fuel.

Each electrical policy starts by calculating the power avail-

able at time t by resource category:

P c
a(t) =

ES(t)∑
es

P c
es(t) ∀c ∈ C (6)

where P c
es(t) is the power produced by electrical system es

at time t in category c. The power solution S(t) is the result

of the integer linear programming (ILP) model at the time t,
subject to the custom set of constraints R(t):

max

C∑
c

sc subject to

C∑
c

sc ≤ PDdc

sc ≤ P c
a ∀c ∈ C

sc subject to r ∀r ∈ R

(7)

i.e., the ILP aims at maximizing the overall available power

(max
∑C

c sc), imposing that the power selected per each cat-

egory is at most the power produced by such power source

(sc ≤ P c
a ), and that the selected amount of power per each

power category is determined by the constraints R(t). The way

we define the set of such constraints defines the electrical policy

(e.g., always prefer renewable sources, always ensure a certain

level of state of charge in the battery, and so on). The output

S(t) of the ILP defines the amount of power used to satisfy

the data center demand at time t.
As additional output, the power solution S(t) includes a sum

of the not assigned power (i.e., {sc ∈ S : sc < P c
a} �= ∅).

Amethyst uses this surplus to activate deferred tasks, including

battery charging (e.g., satisfy the storage PDes(t)).

D. Electrical Distribution Model

Artemis implements a basic model for the electrical distri-

bution system, consisting of the set of power destinations D,

which represent separate physical lines carrying power to end

users. Amethyst assumes in its model that there are two distinct

power lines, green and fossil, arriving at the data center [15].

Artemis represents an electrical distribution as a function

fed : C → D, where C is the set of implemented categories

described in Section III-C. As a result, the components sc of

a generic power solution S are grouped into the correct desti-

nation. This modeling is essential to enable proper integration

between Amethyst and the power microgrid, allowing us to

experiment with elaborate policies while maintaining output

consistent with what Amethyst expects.

IV. ARTEMIS SIMULATION RESULTS

We developed Artemis in Java as an extension of CloudSim

Plus and Amethyst. To demonstrate the framework’s capabil-

ities, we evaluated four electrical policies in different case



TABLE I
POWER GRID CONFIGURATION. N IS THE NUMBER OF INSTANCES.

Grid
Solar P. Wind T. Storage Thermal P.

a N br N cu× pu N tp N
m2 - m - Wh - kW -

G.1 2.2 20 1.5 5 2,000 2 4 1
G.2 2.2 20 0.0 0 2,000 2 4 1
G.3 2.2 20 1.5 5 2,000 6 4 1

G.4 2.2 100 1.5 50 2,000 60 60 1

studies. We defined each policy as a mapping from the set

C = {green, fossil} of categories to the set R(t) of ILP

constraints.

Definition 1: Let green-first (GF) be the policy that provides

the maximum power capacity, prioritizing power generated

from renewable resources; R(t) = {sfossil ≤ PDdc−P green
a }.

Definition 2: Let fixed-fossil (FF) be the policy that provides

a maximum amount of power pf from the fossil power line and

manages the rest with renewable resources and battery storage;

R(t) = {sfossil ≤ pf, sgreen ≤ PDdc − pf}.
Definition 3: Let cost-aware (CA) be the policy that provides

a mix of power based on the hourly cost of fossil energy. We

develop this policy by considering electricity pricing schemes

that increase tariffs during peak-demand hours (e.g., from 4 pm

to 7 pm [25]). Specifically, from 12 am to 5 am, it uses power

generated by wind turbines to recharge the battery and manage

the data center with fossil fuels; from 6 am to 4 pm, it uses a

50/50 mix of fossil and green power; from 4 pm to 7 pm, it

uses renewable energy and batteries to reduce emissions, and

fossil fuels in the remaining time.

R(t) =

⎧⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎩

{sgreen = 0} 12 a.m < t < 5 a.m

{sgreen ≤ 0.5 · PDdc,

sfossil ≤ 0.5 · PDdc} 6 a.m < t < 4 p.m

{sfossil = 0} 4 p.m < t < 7 p.m

{sgreen = 0} otherwise

Definition 4: Let grid-relief (GR) be the policy that provides

a maximum amount of power pg from renewable resources and

manages peaks with only battery storage; R(t) = {sgreen ≤
pg, sfossil = 0}.
A. Electrical Policy Comparison in Different Seasons

The goal is to demonstrate how Artemis can compare dif-

ferent electrical policies across various seasons. This type of

study is useful for evaluating how to develop effective policies

that maintain a constant service rate.

1) Simulation Setup: We configured the data center as

described by Ye et al. [12]. The data center consists of 10

hosts, each with a computational power of 2,000 million

instructions per second (MIPS) and a power consumption

(Watts) of {SPh = 218.0, MPh = 350.0} in max-quality and

{SPh = 196.2, MPh = 315.0} in low-power. The workload

consists of 20 VMs with a stochastic Uh(t) utilization model.

The power microgrid configuration is G.1, as shown in Table I.

Fig. 3. Data center and microgrid behavior when applying FF policy on a
winter and summer day.

Fig. 4. Data center and microgrid behavior when applying CA policy on a
winter and summer day.

Since Ye et al. model only battery usage, the storage values are

faithful to the original. Finally, we consider the weather trace

for two days in 2018 [26], one winter and one summer.

2) Simulation Results: Figures 3 and 4 present the simula-

tion results for the FF and CA policies. We limit the discussion

to these two policies due to space constraints, while a full

design space exploration is provided in Section IV-B. Our

analysis focuses on the consistency of the data center’s power

supply and the resulting QoS (i.e., the percentage of time it

operates at maximum quality).

In Figure 3 with a pf = 2 kW, the data center consumes

more than the set maximum value and attempts to manage

peaks using battery and renewables. However, on a winter day,

FF is ineffective, and the data center continuously operates

in low-power mode, resulting in suboptimal QoS. In summer,

conditions improve only during daylight, when the panels

enable the data center to operate at peak performance. Figure 4

shows the outcomes under the same conditions when applying

the CA policy. On a winter day, renewable power production

is insufficient in the afternoon hours. So, Amethyst completely

shuts down the data center. On a summer day, QoS improves,

but due to a cloudy period, the batteries kick in. In this

case, Amethyst pauses some workload executions, as available

resources cannot cover the entire load.

In conclusion, the CA policy poses significant service issues



TABLE II
RESULTS COMPARISON OVER ONE MONTH OF EXECUTION. HIGHLIGHTED THE PREFERABLE AND NON-PREFERABLE STATISTICS.

Grid Policy Demand Green Fossil Storage Charge Price Emission SLAV Mig. Change QoS Workload
kWh % % % % e KgCO2e x10−7 - - % %

G.1

GF 2,061 35.43 64.57 0.00 100.00 340.30 466.02 0.0 0 0 100.00 100.00
FF 1,074 11.80 87.39 0.81 90.71 248.07 323.18 1,339.3 19 12,700 38.99 99.99
GR 462 86.53 0.00 13.47 52.28 0.00 5.62 13.9 9 1,403 76.52 39.66
CA 1,244 28.54 69.89 1.57 94.47 209.62 302.92 24.2 6 3,426 74.34 42.48

G.2

GF 1,877 32.17 67.83 0.00 100.00 319.89 444.82 0.0 0 0 100.00 100.00
FF 1,370 3.88 96.11 0.01 99.13 338.25 451.69 746.1 20 12,486 46.41 99.99
GR 368 98.30 0.00 1.70 52.84 0.00 5.08 379.4 7 1,161 86.49 41.17
CA 1,324 25.29 72.12 2.59 92.16 229.37 331.79 9.4 5 2,598 58.58 36.45

G.3

GF 1,653 39.77 60.23 0.00 100.00 256.66 350.39 0.0 0 0 100.00 100.00
FF 1,476 3.98 95.93 0.09 99.99 360.82 485.78 640.3 18 5,316 45.49 100.00
GR 410 77.56 0.00 22.44 56.12 0.00 4.47 72.7 4 4,394 64.28 41.92
CA 1,240 25.60 74.22 0.18 97.79 218.48 319.75 5.7 11 9,852 67.83 96.56

with the G.1 microgrid configuration. The choice falls on FF

even if the final QoS is low.

B. Power Microgrid Design Exploration
Artemis can evaluate different power microgrid configura-

tions and electrical policies over the long term. This study is

essential for building an optimal microgrid power solution.
1) Simulation Setup: The setup is the same as in Sec-

tion IV-A, but with different power microgrid configurations

(see Table I) and a more extended execution period of one

month. Weather traces have been collected in spring, to allow

for greater atmospheric variability [26]. To calculate the energy

price, we use the data tabulated in [25], while to estimate

emissions, we use the data reported in [15].
2) Simulation Results: Table II shows the metrics obtained

from the simulation, in terms of total energy consumed (broken

down into green, fossil, and storage rates), average battery

charge percentage, fossil energy cost, overall CO2 emissions,

service level agreement violations (SLAVs) (calculated as

in [15]), number of migrations, number of mode changes, QoS,

and percentage of completed workload.
The goal is to find a solution that reduces emissions while

still enabling workload computation with good QoS and low

SLAVs. Starting from configuration G.1, we conclude that the

most promising solutions are GR and CA, as they achieve low

emissions, low SLAV, and QoS above 70%. Unfortunately, the

computed workload percentage is low, indicating that the power

microgrid is undersized.
The subsequent experiment thus consists of modifying the

power microgrid configuration to evaluate the impact that

individual electrical components have on the data center. The

G.2 configuration eliminates the wind turbines. The result is an

immediate performance degradation. The data center switches

to fossil fuels, and the computed workload drops further,

indicating that the problem lies in managing early-morning time

slots, when the turbines operate more frequently, and the data

center struggles to maintain constant activity.
In G.3, we reintegrate the turbines and increase the number

of batteries, enabling the data center to manage a power service

drop. Finally, the G.3 CA configuration emerges as a mediator

between the metrics under consideration.

Fig. 5. PlanetLab and microgrid behavior when applying GF and GR policies.

C. Artemis Scalability

We analyze the PlanetLab data center [27] to demonstrate

how Artemis manages extensive simulations.

1) Simulation Setup: PlanetLab consists of 800 heteroge-

neous hosts evenly split between HP G4 and HP G5 mod-

els [27]. The HP G4 host has 1,860 MIPS of computing power

and power consumption of {SPh = 74.4, MPh = 105.3}
in low-power and {SPh = 86.0, MPh = 117.0} in max-

quality mode. The HP G5, on the other hand, has 2,660 MIPS

and a power consumption of {SPh = 86.4, MPh = 121.5}
in low-power and {SPh = 94.0, MPh = 135.0} in max-

quality mode. The workload consists of 1,052 VMs as described

in [27]. Actual daily traces define the resources’ utilization

Uh(t). We adopt the power microgrid G.4 (see Table I).

2) Simulation Results: Figure 5 shows the results with GF

and a GR policy. In the first case, the data center computes

the entire workload. In the second case, computation is highly

discontinuous, and only 53.77% of the workload is completed.

These two cases allow us to discuss the simulation execution

times, which depend on the simulated events. In particular, VM

allocation events have more weight because they require cycling

through hosts, and the power microgrid must generate a solution

at each iteration. We estimate these events as:

Nae ∼ Nvm · (1 + Pf · Stl

Sc
) +Nm (8)



TABLE III
STATE-OF-THE-ART SUMMARY. WE COMPARE THE MAIN SIMULATOR FEATURES CONSIDERED IN THE ARTICLE TO OUR PROPOSED SOLUTION.

Works Power Grid Simulation Cloud Simulation

Elect. System Elect. Policy Elect. Distribution Hardware Network Power Sch. Policy All. & Mig. Policy

[7] - - - advanced basic basic basic basic
[14] - - - basic medium basic medium advanced
[8] - - - medium advanced medium basic advanced
[9] - - - medium medium advanced advanced advanced

[28] - advanced advanced - - - - -
[29] advanced advanced medium - - - - -

[10] medium basic - basic - medium - -
[11] - medium - - - basic - -
[12] basic - basic basic medium basic medium advanced
[13] medium - basic basic - basic - -

Artemis advanced advanced basic medium medium basic medium advanced

Where Nvm is the number of VMs, Pf is the failure rate

computed as one minus the computed workload percentage, Stl

is the simulation time limit (e.g., one day), Sc is the simulation

clock, and Nm is the number of migrations. In the simulation,

we set a clock of 300 seconds, and in both cases, there are no

migrations. For GF, this involves 1,052 events, whereas for GR

it is 140,968 (∼4.5 hours on an Intel i5-11600 K).

In conclusion, Artemis handles extensive simulations with a

running time that increases slowly with the number of VMs

but rapidly with the failure rate and the simulation time limit.

V. RELATED WORK

We categorize previous works based on their functionality

and if they consider the power microgrid and cloud in a unified

simulation. Table III compares the features with our solution.

A. Power-Aware Cloud Simulation

Simulating cloud infrastructures with a focus on power con-

sumption is crucial for designing energy-efficient data centers

and evaluating resource allocation strategies. Several simulators

exist to address this need. HET-SIM [7] targets heterogeneous

hardware by supporting accelerators such as FPGA and GPU,

but its power and scheduling models are limited, and it lacks

dynamic workload allocation. CloudSim Plus [14], in contrast,

is a flexible event-driven framework for simulating IaaS clouds.

It is well suited to performance and resource-usage evaluation,

though it places less emphasis on detailed power modeling.

GreenCloud [8] focuses directly on energy-aware strategies,

provides accurate component model consumption estimates,

and leverages virtualization to reduce overall power consump-

tion. Finally, OpenDC 2.0 [9] includes facility components

(e.g., cooling systems) and integrates real-world orchestrators

such as Kubernetes and OpenStack into the simulation. All

such solutions, however, do not support a dynamic model

of the power infrastructure and thus have limited capacity to

incorporate power optimization into their algorithms.

B. Power Microgrid Simulation

Modeling and simulating power microgrids is a long-

established research area that has been extensively studied from

multiple perspectives, including operational costs, geographic

distribution, and control [30]–[33]. Such works, however, con-

sider power consumers only as inputs for the power manage-

ment policy. ESPSim [28] is a large-scale power flow simulator,

optimized to solve power flow problems. But it does not

incorporate detailed physical models of electrical components.

In contrast, Rendel et al. [29] focused on estimating market

costs but lacked flexibility in configuration and omitted analysis

of alternative distribution or operational policies.

C. Co-simulation of Power Microgrid and Cloud

Cloud and power microgrid simulators typically address

separate concerns, yet data centers require integrated modeling

of computing workloads and energy supply. Co-simulation

approaches aim to bridge this gap [34]. ReRack [10] mod-

els renewable-powered data centers by combining an annual

cost simulator with a genetic optimizer for source selection,

though workloads are represented only by traces. Wang et

al. [11] adopt a two-stage model where microgrid operators

balance loads and data centers minimize costs via an ILP

formulation. This solution provides economic insights but lacks

detailed system modeling. Power Supply CloudSim [12] ex-

tends CloudSim [35] with power supply features, particularly

UPS, to study demand–response strategies. Unfortunately, they

support only storage batteries. Zhang et al. [13] propose a time-

series simulation of wind–battery–grid integration for data cen-

ters, optimizing costs across multiple sources. The microgrid

model remains fixed and non-extendable. Overall, current co-

simulation tools highlight the benefits of integrating cloud and

microgrid models but remain limited by simplified workloads,

rigid microgrid configurations, and limited policy flexibility.

VI. CONCLUSION AND FUTURE WORK

We presented Artemis, a co-simulation framework for study-

ing the interaction between a data center and a power microgrid.

We evaluate Artemis on several case studies. Artemis enables

in-depth exploration of microgrid design and data center mon-

itoring, generating a comprehensive view of the entire system

that allows for the analysis of more efficient solutions.

We plan to exploit Artemis to implement the digital twin

of a new physical infrastructure, implementing Amethyst as an

autonomous orchestration agent.
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