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Abstract

This study aims to develop and test an integrated approach to assessing data center 
(DC) efficiency using multi-criteria analysis (MCA) and to substantiate priority ar-
eas of state policy for developing DC infrastructure in Ukraine. The methodologi-
cal approach is based on reliability, energy efficiency, and market position criteria. 
Reliability is assessed using the Uptime Institute’s international classification system, 
with logarithmic normalization of downtime on a fixed-point scale. Energy efficiency 
is measured by the Power Usage Effectiveness (PUE) metric. Market position is based 
on market share measured by financial revenue. The methodology was tested on a 
sample of 14 Ukrainian DCs. The findings demonstrate substantial variation in the 
efficiency levels of Ukrainian DCs, with integral scores ranging from 29.60 to 72.50 on 
a 100-point scale. Based on the proposed classification, two DCs were assigned to the 
high-efficiency group, one to the medium-efficiency group, and eleven to the basic-
efficiency group. Reliability emerged as the dominant determinant of DC efficiency, 
exerting the strongest influence on final assessment outcomes, while energy efficiency 
provided an additional but significant contribution to overall performance differen-
tiation. Sensitivity analysis confirmed the robustness and stability of the proposed 
framework under alternative weighting scenarios. The study identifies key challenges 
facing the Ukrainian DC sector and proposes a roadmap for 2026–2030 to improve re-
liability, energy efficiency, and compliance with international standards. The proposed 
approach can support evidence-based decision-making by public authorities, investors, 
and infrastructure planners when forming investment budgets and justifying decisions 
on infrastructure scaling and peripheral network deployment.
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INTRODUCTION

The rapid digital transformation of the economy and society is driv-
ing a growing need for reliable infrastructure solutions for storing and 
processing large volumes of data. International experience demon-
strates that data centers (DCs) are becoming a cornerstone of the digi-
tal ecosystem and a critical factor in shaping a state’s digital sovereign-
ty. The spread of artificial intelligence technologies and the growing 
demand for scalable digital solutions make energy efficiency, cyber-
security, and compliance with international standards pressing issues, 
particularly in developing countries where energy systems are often 
constrained or overloaded.

In Ukraine, the reform of the public investment management system 
highlights the need to improve approaches to assessing the effective-
ness of DCs as key infrastructure facilities. Ukrainian data centers 
face multiple challenges, including limited energy resources, regula-
tory constraints, and underdeveloped financial markets. Therefore, 
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scaling DC services in Ukraine requires establishing clear efficiency assessment criteria based on inter-
national practices and adapted to national conditions.

Growing demand for computing power, particularly in the context of AI system development, creates new 
challenges for energy systems, regulatory models, and supply chains, while simultaneously opening op-
portunities for partnerships between government, business, and technology companies. Despite the signif-
icant attention paid to various technical aspects of DC operation, the scientific literature lacks consistent 
approaches to their comprehensive assessment. This complicates the formation of informed management 
decisions at both the state and regional levels and among potential service consumers and investors. In 
this context, applying the multi-criteria analysis (MCA) method allows for a comprehensive assessment of 
DC efficiency, considering multi-faceted factors to ensure the validity of management decisions.

Furthermore, it is essential not only to design an assessment tool but also to classify DCs by their pri-
mary purpose areas based on operational efficiency, in particular, the ability to ensure long-term opera-
tional stability and reliability under peak loads.

The purpose of this paper is to develop and test an integrated approach to assessing the effectiveness of 
data centers using multicriteria analysis (MCA) and to substantiate key areas of state policy for DC in-
frastructure development in Ukraine.

1. THEORETICAL BASIS

1.1. Existing approaches to data 
center efficiency assessment

In today’s environment, data centers (DCs) are 
becoming a key infrastructure foundation for the 
development of the information society. At the 
beginning of March 2026, approximately 12,000 
data centers were operating worldwide, with the 
largest number concentrated in the United States 

– 5,426. Accordingly, 529 data centers were operat-
ing in Germany, 523 in the United Kingdom, more 
than 449 in China, 332 in France, 144 in Australia, 
99 in Singapore, and 43 in South Korea (Brightlio, 
2026). Such differences in the number of data cen-
ters in individual countries are determined by 
the size of the economy, the level of scientific and 
technological potential, the digitalization of pro-
duction and social processes, and the demand for 
cloud services and data, among others.

Significant attention is paid to building a broad 
network of data centers to support next-genera-
tion AI innovation and the ever-changing custom-
er needs (McKinsey & Company, 2024; Prabhakar 
et al., 2026). DCs are becoming key elements of 
digital infrastructure and can act as flexible en-
ergy consumers in smart-grid systems (Takci et 
al., 2025). Future demand for DC capacity will 

depend on many factors, the impact of which is 
difficult to predict. These include: growing video 
and gaming streaming traffic; the development 
and active use of digital technologies and artificial 
intelligence; a rapidly growing blockchain-based 
IT infrastructure; the rapid growth of internet us-
ers; and the development of the Internet of Things 
(IoT) thanks to the implementation of M2M tech-
nologies (UNCTAD, 2024; Isazadeh et al., 2023; 
McKinsey & Company, 2025).

Data centers are commonly classified into the fol-
lowing functional types: hyperscale, colocation, 
and enterprise DCs, while AI servers are consid-
ered as a separate segment due to the growing de-
mand  (Kamiya & Coroamă, 2025). A study by the 
United Nations Environment Programme ( UNEP, 
2025) systematized the main models for organiz-
ing the operation of data centers and increasing 
their energy efficiency in developing countries.

 Existing studies devote considerable attention to 
individual dimensions of data center performance, 
particularly reliability, security, energy efficiency, 
and sustainability.

One of the key areas of data center assessment is 
operational reliability. The reliability rating is de-
termined using the international infrastructure 
reliability and fault tolerance classification system 
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developed by the Uptime Institute. Reliability is 
characterized by a Tier indicator – a standard that 
shows how well a data center is protected from 
failures and can ensure reliable and continuous 
operation (The Green Grid, 2012).

Although licensing of data center activities is not 
mandatory in most countries, they must comply 
with industry security and reliability standards, 
including SOC 2 and ISO/IEC 27001, as well as 
data protection and cybersecurity requirements. 
In addition, most data centers undergo voluntary 
certification according to the Uptime Institute 
Tier Classification System (Uptime Institute, 2012).

Most EU countries use international standards 
to ensure compliance with security and perfor-
mance requirements, including ISO/IEC 30134-
2:2026, which defines key performance indicators 
for data centers (ISO, 2026), and EN 50600-2-1, 
one of the key European standards for the design 
and operation of data centers (CENELEC, 2021). 
Compliance with these standards is an important 
benchmark for the development of DC infrastruc-
ture in Ukraine in the context of harmonization 
with European requirements and integration into 
a single digital space.

 Another important aspect is energy efficiency. A 
distinctive feature of data centers is their high lev-
el of energy consumption: they can consume up to 
40 times more energy than traditional office build-
ings, and energy supply costs tend to increase 
(Shehabi et al., 2024). 

The rapid growth of data centers and their ener-
gy needs poses challenges to the energy system 
(European Commission, 2025), and improving 
DC energy efficiency is becoming increasingly 
important and requires more active promotion of 
cost-effective energy efficiency measures across 
all sectors (European Parliament and Council of 
the European Union, 2023). In 2024, the annual 
electricity consumption of DCs worldwide was 
estimated at approximately 415–485 TWh, ac-
counting for about 1.5% of global electricity con-
sumption. Over the preceding five years, this in-
dicator grew at an average rate of 12% per year, 
highlighting the accelerating impact of data center 
operations on global energy systems (IEA, 2024). 
 However, the global real estate market is expected 

to see a 17–20% increase in data center supply by 
2026 (JLL, 2026; Naumenkova et al., 2026). 

Recent research indicates significant progress 
in the development of data center efficiency 
metrics. Traditional indicators such as Power 
Usage Effectiveness (PUE) and Data Center 
Infrastructure Efficiency (DCiE) remain widely 
used for evaluating energy performance. However, 
their application reveals both advantages and lim-
itations (Long et al., 2022). With the increasing 
adoption of virtualization, containerization, and 
serverless computing, such limitations have be-
come more pronounced, prompting the introduc-
tion of new indicators such as Server Power Usage 
Effectiveness (SPUE), which aim to capture energy 
use at a more granular level (Safari et al., 2025).

Current studies emphasize the need to comple-
ment these indicators with additional metrics that 
provide a more comprehensive representation of 
data center technical performance (Cockcroft, 
2025; Khosravi et al., 2024). This is particularly 
relevant for cooling systems, which have a sub-
stantial impact on both energy efficiency and op-
erating costs (Haghshenas et al., 2023; Ranran et 
al., 2023; Cho & Lim, 2023; Abdilla et al., 2025).

The environmental indicators of DC operations are 
becoming  crucial. Assessing the impact of DCs on 
energy systems and sustainable development is a 
priority area of national and international research 
(IEA, 2022; Mishchenko et al., 2025).  To evaluate 
the data center operation in the context of sustain-
able development, performance indicators such 
as CUE (Carbon Usage Effectiveness) and WUE 
(Water Usage Effectiveness) are used. In particu-
lar, CUE measures the total carbon emissions as-
sociated with data center operation relative to the 
energy consumed by IT equipment, while WUE 
characterizes the efficiency of water resource utili-
zation by the data center. 

At the same time, broader methodological reviews 
emphasize the need for multiscale and sustain-
abilityoriented metrics (Shao et al., 2022). The 
values of these indicators are significantly in-
fluenced by climatic conditions, technological 
solutions, and data center architectures (Lei & 
Masanet, 2022; Depoorter et al., 2015), which is 
of critical importance for  strategic infrastruc-
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ture planning (Hussein et al., 2023). Examples of 
effective public policy in digital infrastructure 
development illustrate the possibility of combin-
ing the optimization of computing resource al-
location with the achievement of environmental 
goals (Wang et al., 2025; Zhu et al., 2026; Güğül 
et al., 2023).

Multi-criteria approaches are widely used in 
management decision-making across various in-
dustries, although the choice of a specific meth-
od may significantly influence evaluation out-
comes (Pujadas et al., 2017; Zlaugotne et al., 2020; 
Naumenkova et al., 2020).  Such approaches en-
able the consideration of multidimensional crite-
ria and support more informed decision-making 
processes. The literature emphasizes the impor-
tance of integrating environmental, social, and 
economic criteria within comprehensive assess-
ment frameworks (Pardo-Bosch & Aguado, 2016; 
Naumenkova et al., 2024). 

Multi-criteria assessment methods have increas-
ingly been employed in DC sustainability studies 
and related infrastructure research. Approaches 
based on AHP, ANP, TOPSIS, fuzzy TOPSIS, and 
GIS-supported decision models enable the in-
tegration of multiple technical, environmental, 
economic, and operational criteria within a uni-
fied analytical framework (Zhang & Yang, 2021; 
Wang et al., 2022; Zubiria et al., 2022; Mathebula 
& Mbuli, 2025). These studies demonstrate the 
methodological potential of MCA for evaluating 
complex infrastructure systems. However, many 
existing applications rely on relatively sophisti-
cated weighting and decision-support procedures, 
creating a need for more transparent and practi-
cally applicable approaches to data center efficien-
cy assessment, particularly in data-constrained 
environments.

An important aspect of DC management is im-
proving the data collection and exchange system, 

 Table 1. Key dimensions and indicators of data center performance assessment

Indicator Definition Measurement unit / scale Application
1. Security & Reliability

Security compliance
Compliance with ISO/IEC 27001, SOC 2, 

GDPR/NIS2
Certification status Ensures trust and regulatory 

alignment

Reliability (Tier)
Guaranteed uptime according to Uptime 

Institute classification Tier I-IV
Differentiates critical vs. 

standard DCs

Availability (SLA) Guaranteed service uptime in contracts % (e.g., ≥ 99.98%) Benchmark for critical 
workloads

Network latency
Average response time of data center 

systems ms Critical for cloud and AI 
platforms

2. Energy and Resource Efficiency
Energy efficiency (PUE/

DCiE) 

PUE = Total facility energy / IT energy; 
DCiE = IT energy / Total facility energy Numeric value ≥ 1.0 Core metric of operational 

efficiency

Cooling efficiency Ratio of cooling energy to total energy %
Optimization of HVAC 

systems

Carbon usage 
effectiveness (СUE) CO

2
 emissions per unit of IT energy kg CO

2
/kWh

Environmental sustainability 
assessment

Water usage 
effectiveness c (WUE) Water consumption per unit of IT energy L/kWh Environmental sustainability 

assessment

Renewable energy share Share of renewable energy in total 
consumption % Indicator of green transition

CPU/RAM/Storage 
utilization

Ratio of used computing resources to 
available capacity % utilization Internal efficiency of IT 

workloads

3. Infrastructure Capacity and Market Position

Space utilization Ratio of occupied rack/room space to 
total available % utilization Optimization of physical 

infrastructure

Scalability index Ability to expand resources without 
performance loss

Qualitative/
quantitative score Strategic planning for growth

Operation cost per rack Average cost of maintaining one rack 
space USD per rack/year Investment and budgeting 

decisions

Market position Relative share of services/ financial 
revenue in the market %

Strategic competitiveness 
indicator
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especially in segments where these data are lim-
ited or inaccessible (e.g., small data centers). The 
complexity of data collection tasks for calculat-
ing key performance indicators remains relevant 
(Kuzay et al., 2026), necessitating the development 
of new approaches to modeling and forecasting 
DC development at the national level.

Despite significant progress in the assessment of 
data center energy efficiency, reliability, and sus-
tainability, the existing literature lacks integrated 
evaluation frameworks tailored to the needs of pub-
lic authorities and investors, particularly in envi-
ronments characterized by limited data availability. 
Most existing approaches either focus on individu-
al technical dimensions or rely heavily on expert-
based weighting procedures. Consequently, there is 
a need for a multi-criteria assessment approach to 
data center efficiency that combines methodologi-
cal transparency, practical applicability, and the 
capacity to support decisionmaking in countries 
facing elevated infrastructure risks and underde-
veloped financial markets, such as Ukraine. 

The reviewed literature suggests that reliabili-
ty and energy efficiency remain the most widely 
recognized technical dimensions of data center 
performance, while market-related indicators re-
flect the practical competitiveness and demand 
for data center services. The integration of these 
dimensions into a unified assessment framework 
provides an opportunity to combine engineering, 
operational, and economic perspectives within a 
single evaluation model.

Thus, the generalization of indicators for data cen-
ter performance assessment  allows to identify sev-
eral key dimensions of evaluation (Table 1).

These indicators represent the most widely used 
approaches to assessing data center performance 
in both academic research and professional prac-
tice. Their applicability depends on the objectives 
of the assessment, data availability, and the specific 
characteristics of data center operation. Reliability, 
energy and resource efficiency, and market-relat-
ed indicators emerge as the principal dimensions 
of data center performance evaluation. Together, 
these dimensions provide the conceptual founda-
tion for the integrated multi-criteria assessment 
approach developed in the following section.

1.2. Formation of the integrated 
approach to data center 
efficiency assessment

The literature review suggests that reliability and 
energy efficiency are among the most widely rec-
ognized technical dimensions of data center per-
formance assessment. In addition, market-related 
indicators reflecting competitiveness and demand 
for data center services may serve as a complemen-
tary economic dimension of evaluation. Integrating 
these dimensions within a unified multi-criteria 
analysis (MCA) framework enables the combina-
tion of engineering, operational, and economic per-
spectives into a comprehensive assessment model.

Reliability is a fundamental requirement for the 
operation of a data center as a critical infrastruc-
ture facility, as even short-term downtime can lead 
to system failures under heightened operational, 
energy, and cyber risks. This is why the reliability 
criterion carries the greatest weight in the com-
prehensive assessment, which is consistent with 
the risk-first infrastructure assessment principle.

Energy efficiency is a secondary priority as it di-
rectly impacts long-term operational sustainabil-
ity and cost structure.

Market share is measured using revenue-based 
market share within the analyzed sample and is 
incorporated as an auxiliary criterion with limit-
ed weight to prevent commercial scale from domi-
nating technical performance characteristics. 

In the proposed model, the relative importance 
of criteria is established through the maximum 
values of the rating scale (SRmax, SEmax, and 
SMmax), which avoids the introduction of addi-
tional weighting factors, ensures a clear interpre-
tation of the results, and is more convenient for ap-
plied analysis and the formation of management 
decisions. In the baseline scenario, the reliabil-
ity criterion is set at an upper limit (SR

max
) of 50 

points and a lower limit (SR
min

) of 10 points, since 
even the minimum Tier level characterizes basic 
operability. The value set for the energy efficiency 
criteria (SE

max
) is 40 points, for the market position 

(SM
max

) is 10 points, and the lower limit for them is 
not set separately, since it, naturally, equals zero in 
the absence of corresponding advantages.
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Calculating the score for reliability (SR). Reliability 
is assessed using the Uptime Institute’s interna-
tional classification system. The Tier standard has 
four levels based on guaranteed uptime (Table 2).

 For quantitative interpretation, logarithmic nor-
malization of downtime with fixed score limits 
was used.

( )
( ) ( )( )

( ) ( )( )

min max min

10 max 10

10 max 10 min

  log log
,

log log

i

SR SR SR SR

T T

T T

= + −

−
⋅

−

 (1)

where SR – reliability points; T
i
 – actual downtime 

of the corresponding Tier (hours); T
max

 – maxi-
mum downtime (Tier I); T

min
 – minimal downtime 

(Tier IV); SR
max

 = 50, SR
min

 =10.

This approach has certain advantages, namely:

• it reflects real business risk: even a small re-
duction in downtime (from hours to minutes) 
makes a huge difference for critical systems;

• helps avoid skews: SLA percentages are very 
close (99.982% vs 99.995%), but the logarithm 
of downtime shows that the difference be-
tween 1.6 hours and 26 minutes is significant; 
and

• provides flexibility in maintaining the desired 
range between the minimum and maximum 
value in points.

The lower limit of 10 points is set because the data 
centers being analyzed are functioning infrastruc-
ture facilities, and therefore even the minimum 
Tier level characterizes operational suitability.

In the absence of an official Tier-level certificate, 
the assessment is carried out using lower-level pa-
rameters. This conservative approach is based on 
the principle of using verified data and aims to in-
crease the reliability of results and encourage offi-
cial certification.

Calculating the score for energy efficiency (SE). 
Energy efficiency is assessed based on the power 
usage effectiveness (PUE) indicator, which char-
acterizes the ratio of the total amount of DC en-
ergy consumed (for cooling systems: air condi-
tioners, liquid cooling; uninterruptible power 
supplies (UPS); lighting, security systems, in-
frastructure costs) and energy used only by IT 
equipment: servers, storage systems, and network 
equipment. The minimum possible PUE value is 
1.0 (energy is consumed only by IT equipment), 
in which case the DC’s energy efficiency is maxi-
mized. In practice, PUE values for DCs range 
from 1.1 to 2.0.

Normalization is performed relative to a physical-
ly achievable reference value:

max ,et

i

PUE
SE SE

PUE
= ⋅  (2)

where SE – energy efficiency scores; PUE
et
 =1.0 – 

reference value; PUE
i 
 – actual average value of the 

indicator; SE
max

 = 40.

The SE value cannot exceed the established upper 
limit SE

max
. This approach reflects the indicator’s 

engineering nature and ensures a proportional as-
sessment relative to the theoretically optimal level.

Calculating the score for market position (SM). 
Market position is assessed based on market share 

Table 2. Comparison of data center reliability levels (Tiers) by SLA 

Source: Uptime Institute (2012).

Tier 

Level
Characteristic SLA 

value, %

Maximum downtime 
during the year

Tier I Basic level: minimal infrastructure, no redundancy, possible downtime 99.671 ≈ 28.8 hours

Tier II Partial redundancy of power and cooling systems (N+1) 99.741 ≈ 22 hours

Tier III
Full redundancy of all systems (N+1), fault tolerance, and the ability to serve clients 
without interrupting operations 99.982 ≈ 1.6 hours

Tier IV
Highest level: maximum redundancy (2N+1), dual power supply, full fault tolerance, 
minimal downtime risks, even in the event of serious accidents 99.995 ≈ 26 minutes
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measured by financial revenue within the ana-
lyzed sample:

max

max

, i
M

SM SM
M

= ⋅  (3)

where M
i
 – annual financial revenue of the i-th 

DC; M
max

 – the highest annual financial revenue 
recorded among the DCs included in the sample. 
SE

max
 = 10.

Annual financial revenue for 2025 was used as 
the basis for calculating market position scores. 
Therefore, the indicator reflects each data cen-
ter’s share of total revenue within the analyzed 
sample rather than within the entire Ukrainian 
data center market. Revenue-based market share 
was selected because it provides a comprehen-
sive measure of the economic scale of data cen-
ter operations and the market demand for their 
services.

Although the main emphasis is on technical as-
sessment criteria (reliability and energy efficien-
cy), the use of this criterion can be useful in stra-
tegic analysis for investors, government agencies 
or business partners. It should be noted, however, 
that market share is not always related to quality 
or reliability, as large DCs may gain significant 
market share more due to marketing than techni-
cal characteristics.

Calculating the integral efficiency indicator (I). 
Given the established threshold values, the inte-
gral indicator for assessing DCs looks like this:

,I SR SE SM= + +  (4)

where SR – reliability scores; SE – energy efficiency 
scores; SM – market share scores.

The maximum value of the integral assessment is 
100 points.

The proposed methodological approach combines 
logarithmic normalization of technical risk, engi-
neering interpretation of energy efficiency, and a 
market indicator of competitive position, provid-
ing a comprehensive assessment, with priority giv-
en to technical characteristics.

2. RESULTS AND DISCUSSION

DCs in Ukraine operate as commercial enterpris-
es that are regulated by general norms and rules 
regarding telecommunications services, energy 
supply, security, and information protection. The 
legal basis for data centers’ activities is the Law 
of Ukraine “On Cloud Services”, which defines 
a data center as a specialized technical complex 
that includes engineering, information, commu-
nication, software, and hardware infrastructure 
(Verkhovna Rada of Ukraine, 2022). The National 
Commission for the State Regulation of Electronic 
Communications, Radio Frequency Spectrum, 
and the Provision of Postal Services regulates the 
cloud services market. The State Service of Special 
Communications and Information Protection of 
Ukraine may participate in regulating informa-
tion security issues related to cloud communica-
tions. The Ministry of Digital Transformation of 
Ukraine is the central executive body responsible 
for the formation and implementation of state pol-
icy in the field of cloud services.

In 2026, 58 data centers were operating in Ukraine, 
providing hosting, colocation, and cloud comput-
ing services (Brightlio, 2026). The main market 
players are represented by large DCs that have 
their own, mostly certified, sites and serve the 
public sector and large corporations, as well as 
centers focused on medium-sized business clients 
(Stack Systems, 2021). There are also corporate 
data centers, information about which is not in-
cluded in public statistics. Due to limited access to 
information and the fact that most DCs serve the 
internal needs of individual companies, the sam-
ple was compiled from 14 commercial DCs.

To assess data centers’ energy consumption, ap-
proaches to summarizing energy consumption 
information are of particular importance given 
the limited availability of official statistics. A com-
parative analysis of the main approaches – “bot-
tom-up”, “top-down”, and “temporal proxy ex-
trapolation” (Kamiya & Coroamă, 2025; Kamiya 
& Bertoldi, 2024) – allows us to specify the possi-
bility of their practical application for the analysis 
of the Ukrainian DC segment.

The bottom-up approach is most relevant for 
Ukraine, as it allows for the actual technical char-
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acteristics of equipment (servers, cooling systems, 
and networking equipment) to be taken into ac-
count and combined with data on the actual in-
stalled base. This ensures more accurate estimates, 
even in the face of limited official reporting.

The top-down approach is based on aggregated 
government and corporate data, but the fragmen-
tation and irregularity of available information 
complicate its application in Ukraine.

Temporal proxy extrapolation can be useful for 
forecasting, but the risk of overestimating results 
is high in conditions of market volatility and rapid 
changes in the digital infrastructure.

Therefore, for the Ukrainian DC segment, it makes 
sense to use a bottom-up approach as a baseline, 
supplemented by individual elements of a top-
down approach. This allows for a more balanced 
assessment of data center energy consumption, ac-
counting for key performance indicators and public 
policy needs for digital infrastructure development.

Based on the proposed methodology, information 
was summarized, and the performance of 14 data 

centers was assessed according to three criteria: 
reliability, energy efficiency, and market position 
(Table 3).

All calculations and assessment results are based 
on data for 2025, including reliability, energy-effi-
ciency, and market-position indicators. The results 
indicate significant differentiation in the integrat-
ed scores between data centers. Specifically, mov-
ing from Tier II to Tier III is accompanied by a 
disproportionate increase in the integrated score, 
confirming the nonlinear impact of reliability 
on overall performance. This is illustrated by the 
example of DC3, where a reduction in Tier level 
leads to a significant reduction in the final score.

Data centers with low integral index values (29–35 
points) are characterized by a combination of three 
factors: lack of confirmed Tier certification, relatively 
high PUE values, and a small market share. In par-
ticular, for DC6 and DC7, the presence of the Tier III* 
designation without official confirmation leads to a 
reduction in points for the reliability criterion.

The results in Table 3 show that most Ukrainian 
DCs provide a basic or average level of reliability, 

Tabl e 3. Efficiency assessment of Ukrainian data centers in 2025

DC number in 

the sample

Reliability Energy efficiency Market position
Efficiency level depending on the 
value of the integral indicator (I), 

scores

Тier
i

SR, 

points
PUE

SE, 

points
ΔМ, % SM, 

points

high

(І ≥ 70)
medium

(40 ≤ I < 70)
basic

(I < 40)
1 III 37.50 1.6 25.00 30 10 72.50
2 III 37.50 1.5 26.67 22 7.3 71.50
3 II 12.56 1.7 23.53 15 5.0 41.09
4 II 12.56 1.9 21.05 4 1.3 34.95
5 n/a 10.00 1.8 22.22 4 1.3 33.56
6 III* 12.56 1.9 21.05 3 1 34.62
7 III* 12.56 1.9 21.05 3 1 34.62
8 n/a 10.00 2.0 20,00 2 0.7 30.67
9 II 12.56 2.0 20.00 3 1 33.56

10 II 12.56 2.0 20.00 3 1 33.56
11 I-II* 10.00 2.15 18.60 3 1 29.60
12 II 12.56 2.0 20.00 3 1 33.56
13 n/a 10.00 2.15 18.60 3 1 29.60
14 II* 10.00 2.02 20.00 2 0.7 30.67

Note: * means without official confirmation. 

Cell shading indicates DC efficiency groups: 
 high-efficiency (I ≥ 70);
 medium-efficiency (40 ≤ I < 70);
 basic-efficiency (I < 40).
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which corresponds to the ability to operate con-
tinuously with limited annual downtime.

The energy efficiency of Ukrainian DCs, for 
which PUE values are in the range of 1.4–2.0, is 
in line with the global average, but inferior to 
the indicators of leading global providers. Thus, 
the PUE for the Amazon Web Services (AWS) 
data center is 1.15, for Google Cloud Platform it 
is 1.10–1.12, and for the Facebook (Meta) Forest 
City Data Center it is 1.10 (IEA, 2021; Microsoft 
Datacenters, 2024). Thus, the energy efficiency 
of domestic DCs can be significantly improved 
by implementing modern energy management 
technologies and infrastructure optimiza-
tion, as provided for in the requirements and 
provisions for harmonization with the Energy 
Efficiency Directive (European Parliament and 
Council of the European Union, 2023).

To test the robustness of the results, a sensitivity 
analysis was conducted by changing the maxi-
mum values of the estimates in accordance with 
the criteria (SR

max
 and SE

max
) that determine 

their relative importance in the model. In the 
analysis, variation was applied only to technical 

criteria (reliability and energy efficiency), while 
the maximum value of market position scores 
(SM

max
) was left unchanged, given its auxiliary 

nature and limited impact on a DC’s technical 
efficiency (Table 4).

Sensitivity analysis shows that varying the max-
imum score values for technical criteria leads to 
a proportional change in the integral scores but 
does not affect the overall ranking of data cen-
ters. In particular, increasing the upper limit of 
the reliability criterion (SR

max
) is accompanied 

by an increase in the integral scores by +10–20 
points, while increasing the limit of the energy ef-
ficiency criterion (SE

max
) provides a more moder-

ate increase (+4–5 points), which mainly affects 
data centers with average performance values. 
Increasing the priority of the reliability criterion 
results in some data centers moving from the basic 
to the medium performance group. This is because 
the increased importance of Tier-related metrics 
strengthens the position of data centers with a 
higher Tier standard of architectural reliability.

The results confirm the model’s robustness to 
changes in scale parameters and indicate that the 

Table 4. Sensitivity analysis for alternative estimation ranges

DC 

number

Baseline scenario 

(SR
max

 = 50,
SE

max
 = 40,

SM
max

 = 10) 

 Reliability-prioritized scenario 
(SR

max
 = 60,

SE
max

 = 30,
SM

max
 = 10)

Energy-efficiency-prioritized scenario: 
(SR

max
 = 40,

SE
max

 = 50,
SM

max
 = 10) 

(I)  (І1)

Δ vs baseline 
(absolute change in 

score)

 (І2) 

Δ vs baseline 
(absolute change in 

score)

1 72.50 91.87 19.37 71.87 –0.62
2 71.50 91.67 20.17 71.26 –0.24
3 41.09 53.50 12.41 46.33 5.24
4 34.95 46.12 11.17 39.57 4.62
5 33.56 44.67 11.11 39.11 5.56
6 34.62 45,78 11.17 39.24 4.62
7 34.62 45,78 11.17 39.24 4.62
8 30.67 40.70 10.03 35.70 5.03
9 33.56 44.20 10.64 37.92 4.36

10 33.56 44.20 10.64 37.92 4.36
11 29.60 38.91 9.30 34.26 4.65
12 33.56 44.20 10.64 37.92 4.36
13 29.60 38.91 9.30 34.26 4.65
14 30.67 40.70 10.03 33.96 3.29

Cell shading indicates DC efficiency groups: 
 high-efficiency (I ≥ 70);
 medium-efficiency (40 ≤ I < 70);
 basic-efficiency (I < 40).
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relative positions of the assessment objects are 
maintained across different scenarios. Thus, the 
use of a scenario approach within the proposed 
methodology ensures its flexibility and adapt-
ability to changing management priorities (risk-
first vs energy-first).

First, the key differentiating factor is the Tier 
certification level. The lack of official proof sig-
nificantly lowers the overall assessment, even if 
the technical infrastructure meets the required 
level. This underscores the importance of in-
creasing market transparency and standard-
ization. Second, energy efficiency measures in-
dicate significant potential for optimization. 
Compared to global leaders, Ukrainian DCs ex-
hibit higher PUE values, leading to higher oper-
ating costs and reduced competitiveness. Third, 
the limited market share of most operators indi-
cates industry fragmentation and uneven distri-
bution of the customer base.

Thus, the identified problems directly reflect the 
assessment results: low SR values are due to a 
lack of certification, while SE values indicate a 
lag in improving energy efficiency. Next, based 
on the comprehensive assessments, data centers 
were grouped by efficiency into three groups: 
high, medium, and basic efficiency (Table 5).

The division of data centers into groups is deter-
mined by several factors. For missioncritical sys-
tems such as AI platforms, government services, 
banking, and ecommerce, it is necessary to se-
lect data center services certified at a level not 
lower than Tier III, with implemented disaster 
recovery services in EU countries and support 
for GPU cluster solutions for AI/ML and SAP 
HANA. Large corporations and financial com-
panies can rely on data centers certified accord-
ing to ISO standards, compliant with GDPR/

NIS2 requirements, and offering the highest 
guaranteed uptime (SLA ≥ 99.98%). For SMBs 
and ecommerce, the focus should be on services 
that provide flexible packages, high scalability, 
and reliable operation under peak loads.

ISO/IEC 27001 certification is a key differentiator be-
tween high-performance and basic data centers. For 
companies working with international clients, the 
data center provider must have international part-
nerships, which is a prerequisite for ensuring reliable 
data backup and recovery.

In the context of growing energy problems in 
Ukraine and limited access to energy supply, it is 
advisable to scale up DC services based on solutions 
aimed at increasing energy efficiency, the effective-
ness of which is confirmed by international practice 
(Table 6).

First, the implementation of these solutions becomes 
relevant for DCs classified into medium and basic 
efficiency groups, focused on providing services to 
SMB and corporate clients. In the future, revenue 
from domestic DCs is expected to increase due to ris-
ing demand for cloud services and colocation. In ad-
dition, Ukrainian data centers are integrating with 
European partners, allowing clients to access inter-
national solutions and enhance their cybersecurity.

Another important issue for effective DC operation is 
overcoming personnel shortage, as by 2030, Ukraine 
is projected to need 10,000–15,000 new specialists 
in this field. Key areas of specialist training include 
DevOps and system administrators for multi-cloud, 
energy efficiency and cooling engineers, cybersecu-
rity specialists, and AI engineers and data scientists 
for GPU clusters. Due to the high demand for spe-
cialists to work in DCs, Ukraine will face staff reten-
tion due to competition from the European market.

Table 5. Distribution of data centers by efficiency groups

Group Primary use area Key features

High
Financial sector, 

government registries, 
critical infrastructure

Tier III–IV; SLA ≥ 99.98%; full reservation (2N/N+1); mandatory certification ISO/IEC 27001; high 
fault tolerance; support for DR services; focus on critical loads

Medium
E-commerce, 

SaaS, 

corporate systems

Tier II–III; SLA ~ 99.9–99.98%; partial reservation; availability or implementation of information 
security standards (in particular, ISO/IEC 27001); integration with European providers; scaling 

support; usage of GPU/AI solutions

Basic SMB, backup storage, 
basic IT services

Tier I–II or without certification; SLA < 99.9%; limited reservation; basic hosting and colocation 
services; flexible business packages, affordable rates
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Based on the analysis, key problems in the opera-
tion of DCs in Ukraine were identified: high en-
ergy dependence and limited energy efficiency; in-
sufficient level of certification and cybersecurity; 
lack of systematic statistical reporting; low level 
of harmonization with European standards; and 
personnel shortage in the industry. Furthermore, 
the sector’s development is constrained by its de-
pendence on international cloud platforms such as 
Microsoft Azure and Amazon Web Services.

The results of data center efficiency assessment 
have outlined existing problems and made it pos-
sible to define a sequence of public policy mea-
sures aimed at enhancing the reliability and en-
ergy efficiency of data centers. These measures in-
clude regulatory adjustments, the development of 
energyefficient technologies, integration with the 
European digital market, infrastructure support 
for artificial intelligence, and workforce develop-
ment (Table 7).

Table 6. Key solutions for improving energy efficiency when scaling data center services

Source: Compiled based on the United Nations Environment Programme (2025).

Name Description Impact on energy consumption Key benefits

Retail Colocation
Building a common infrastructure 
with payment for actual electricity 

use (pay-as-you-go)

PUE reduction to ~1.2–1.4 thanks 
to shared cooling system and load 

management

Reducing costs and increasing 
energy efficiency for SMB and 

startups

Wholesale 
Colocation

Lease of space and capacity for 
hosting your own equipment in a 

provider’s DC

Achieving PUE value of ~1.6–1.8 
depending on optimization

Scalability and control for large 
enterprises

Cloud services (IaaS, 
PaaS, SaaS)

Providing infrastructure, platforms 
or software as a service

Maintaining PUE ~1.1–1.2 at leading 
providers, improving energy 

efficiency on the backend by up to 
20%

Reducing capital and operating costs 
through IT outsourcing

Hybrid/cloud 
models Combining local and cloud systems

Reduced energy consumption by 
10–15% compared to on-premises 

systems

Maintaining a flexible balance 
between control and scalability

Immersion Cooling 
Services

Using immersion cooling 
technologies offered by third-party 

suppliers

Reduced cooling energy 
consumption by up to 90% 

compared to air-cooled systems

Significant reduction in electricity 
costs

Table 7. State policy directions for the development of data centers

No. Direction Key measures Results-oriented

1. Regulatory 
framework

Data Center Law; harmonization with GDPR, NIS2, ISO/
IEC, Tier, and PCI DSS; tax incentives; simplification of 
customs procedures

Formation of a transparent regulatory framework, 
integration with the EU, and increasing the 
investment attractiveness of DC center creation 
projects

2. Cloud services 
integration

Transition to IaaS/PaaS, multicloud; development of 
managed services

Expanding the range of services, becoming 
competitive in the global market

3. Infrastructure 
for AI

GPU clustering, HPC solutions; load optimization 
between local and European clouds

Supporting AI applications, attracting high-tech 
customers

4.
Energy efficiency 

and green 
technologies

Liquid cooling; optimization PUE < 1.4; transition to 
renewable energy; location of DCs near sources of clean 
energy

Increasing environmental friendliness, saving 
costs, compliance with European requirements

5.
Environmental 

KPI (ISO/IEC 

30134)

Calculation WUE and CUE; implementation of 
monitoring and reporting systems

Ensuring transparency of environmental 
indicators, compliance with international 
standards

6. Energy security 
and cybersecurity

Modular DCs; backup sources; DR services; compliance 
with ISO/IEC 27001, GDPR/NIS2, PCI DSS, Tier

Increased reliability, data protection, compliance 
with EU requirements

7. Investments and 
financing

Raising capital for AI, cloud, energy efficiency, security, 
and backup solutions

Infrastructure modernization, sustainable 
financing

8. Staffing Training DevOps, energy efficiency engineers, cyber 
specialists, AI engineers; retention programs

Reducing the outflow of personnel, forming a 
highly qualified workforce

9.
Collection 

of statistical 
information

State register of DCs; mandatory KPI reporting; 
cooperation with the State Statistics Service; data 
anonymization

Ensuring the reliability of statistical data, 
increasing market transparency and predictability 
for investors

10.
Integration with 

the European 

market

Partnerships with EU operators; joint SLA; geo-
reservation; compliance with international standards

Deepening cooperation with the EU, entering the 
international market
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The implementation of the proposed public pol-
icy measures (Table 7) will contribute to the 
formation of a modern and competitive infra-
structure of data centers, their integration into 
the European digital space, and increased en-
ergy efficiency and environmental friendliness, 
strengthening cybersecurity and reliability, at-
tracting investment and qualified personnel, 
and creating a transparent statistical base for 
strategic planning of the industry.

In the context of energy instability, the devel-
opment of data centers in Ukraine requires not 
only technical modernization but also strate-
gic planning at the national and regional levels, 
which must take into account potential oppor-
tunities for access to electricity, investment sup-
port, regulatory flexibility, and integration into 
the overall economic development model.

To successfully implement key public policy 
measures in the field of digital infrastructure, 
cloud services, and cyber defense, a roadmap 

for developing Ukraine’s DCs for 2026–2030 
has been developed (Table 8).

Thus, by 2030, Ukrainian data centers will grad-
ually transform from “server space” into service 
platforms integrated with the EU and optimized 
for AI and energy efficiency. Roadmap imple-
mentation will ensure Ukraine’s gradual transi-
tion from the certification and implementation 
of energy-efficient technologies in 2026–2027 to 
integration into the European digital market in 
2028–2030, creating the necessary preconditions 
for developing a digital infrastructure that meets 
the needs of the state, business, and society.

National data localization requirements may 
conflict with the global DC operating model. At 
the same time, their high energy consumption, 
which creates an additional burden on the pow-
er system, may not be consistent with the state’s 
energy policy, and the dominance of global 
players in the digital market leads to unequal 
conditions for local companies.

CONCLUSION

This study aims to develop and test an integrated multicriteria analysis (MCA) approach for assessing 
data center (DC) efficiency and to substantiate priority directions of state policy for DC infrastructure 
development in Ukraine.

Table 8. Action plan for the roadmap for developing DCs in Ukraine for 2026–2030

Stages/Year Basic actions

2026–2027
Implementation of mandatory certification of data centers according to Tier III–IV and ISO/IEC 27001 standards
Formation of a tax incentive system for green data centers
Commencement of regular government cybersecurity audits

2027–2028

Mass implementation of energy-efficient cooling and heat recovery technologies
Creation and development of state cyber incident response centers
Expanding the cloud services market for business and the public sector
Expansion and deepening of joint projects with European companies

2028

Integration of Ukraine into the European cloud services market
Attracting international investment for the construction of new DCs
Implementation of a system for monitoring and optimizing energy consumption in DCs
Development of digital infrastructure clusters (consolidation of DCs, telecom operators, innovative companies, and 
universities)

2029

Harmonization of Ukraine’s national legislation in the field of digital infrastructure, cyber defense, and energy with 
EU directives
Extensive use of renewable energy sources in DCs
Increasing export volumes of Ukrainian cloud services
Expanding international cooperation in the field of cyber defense

2030

Ukraine becomes part of the single European digital market
Ensuring DC compliance with the highest international standards (Tier IV, ISO/IEC 27001, General Data Protection 
Regulation (GDPR), EU Directive 2023/1791 on energy efficiency (EED)
Formation of a developed competitive market for cloud services
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The proposed MCA-based approach integrates three dimensions of data center performance: reliability, 
energy efficiency, and market position. Consistent with the “risk-first infrastructure assessment” prin-
ciple, reliability was assigned the highest priority as the primary condition for operational continuity 
and infrastructure resilience.

The methodological approach was tested on a sample of 14 Ukrainian data centers. Integral efficiency 
scores on a 100-point scale ranged from 29.60 to 72.50. According to the proposed classification, two 
data centers were assigned to the high-efficiency group, one to the medium-efficiency group, and eleven 
to the basic-efficiency group. Reliability emerged as the principal factor differentiating data center per-
formance and exerted the strongest influence on final efficiency scores, while energy efficiency mea-
sured by PUE provided an additional but significant contribution. Sensitivity analysis confirmed the 
robustness of the methodology under varying priorities, particularly in scenarios emphasizing either 
reliability or energy efficiency.

The study identified key challenges in the development of the Ukrainian data center sector and proposed 
priority policy directions to address them. A roadmap for 2026–2030 is proposed, outlining a sequence 
of public policy measures to increase data center reliability and energy efficiency and to ensure compli-
ance with international standards in the context of modern digital infrastructure development.

The practical significance of the study lies in the possibility of using the proposed methodology by gov-
ernment agencies, investors, and data center operators when forming investment budgets and justifying 
decisions on scaling infrastructure and deploying peripheral networks. Limitations include the restrict-
ed sample size and data availability, particularly in segments of smaller data centers, which required 
conservative assumptions. Furthermore, environmental indicators such as WUE and CUE were not 
incorporated into the current framework due to data limitations, although their inclusion represents a 
promising direction for future research.

Future research should focus on expanding the dataset, refining efficiency metrics, incorporating envi-
ronmental sustainability indicators, and further developing the MCA framework to enhance the accu-
racy, applicability, and policy relevance of data center efficiency assessment.
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