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Abstract 

The article analyzes the performance of the two most popular game engines: Unity and Unreal Engine. The performance 
analysis focuses on examining the load on selected components during physics simulations, as well as the rendering of 
static and dynamic objects. The aim of the research is to identify the more efficient engine based on the selected tests. 
The experiments included physics simulations of spheres, tree rendering, and character rendering in an urban environ-
ment. The results indicate which engine achieved lower and more stable hardware resource usage. The conclusions pro-
vide developers with guidance on choosing the appropriate engine based on the project's specifications. 
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Streszczenie 
Artykuł analizuje wydajność dwóch najpopularniejszych silników do gier: Unity i Unreal Engine. Analiza wydajności 
skupia się na badaniu obciążeń wybranych komponentów podczas symulacji fizyki oraz renderowania obiektów statycz-
nych i dynamicznych. Celem badań jest określenie wydajniejszego silnika na podstawie przeprowadzonych testów. Eks-
perymenty obejmowały symulacje fizyki kulek, renderowanie drzew oraz postaci w środowisku miejskim. Wyniki wska-
zują, który z silników charakteryzuje się mniejszym i bardziej stabilnym zużyciem zasobów sprzętowych. Na podstawie 
wniosków producenci mogą dobrać odpowiedni silnik, uwzględniając specyfikę projektu. 
Słowa kluczowe: Unity; Unreal Engine; wydajność; renderowanie  
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1. Introduction 

The gaming industry generates increasing profits each 

year. In 2024, the industry's revenue reached 184 billion 

USD [1]. Among the released titles are games from inde-

pendent developers, as well as productions from the 

AAA (high-budget) segment. Every developer uses tools 

to create games that efficiently manage system resources. 

The market offers numerous engines designed for effi-

cient game development. Two of the most popular game 

engines are Unity and Unreal Engine. Unity was devel-

oped by Unity Technologies [2]. Unreal Engine, on the 

other hand, is a game engine created and maintained by 

Epic Games [3]. These engines have been available for 

many years and are continuously evolving, introducing 

increasingly advanced tools. Additionally, both engines 

set trends in the gaming industry by implementing new 

solutions and technologies. The purpose of this study is 

to determine which engine, Unity or Unreal Engine offers 

better performance based on prepared scenarios. 

1.1. Literature Review 

Unity and Unreal Engine are two of the most recogniza-

ble and widely used engines in the gaming industry [4]. 

Their efficiency and development have been the subject 

of numerous studies. Unity was developed by Unity 

Technologies and gained popularity due to its intuitive 

interface and access to a vast library of ready-made assets 

(pre-made 3D models, textures, sounds, and scripts), 

created by both developers and the company itself [2]. 

These assets, available in both free and paid versions, in-

clude ready-to-use 3D models, textures, and scripts, 

which significantly accelerate project development. 

Thanks to its numerous advantages, Unity is chosen by 

both large developers and independent creators. Unity is 

most commonly used for mobile applications due to its 

ability to run efficiently with limited resources [5]. 

Unreal Engine, developed by Epic Games, is an ad-

vanced engine offering high-quality graphics [3]. Its 

standout feature is its suite of tools that enable advanced 

graphical rendering. With these tools, developers can cre-

ate realistic scenes and detailed environments [6]. Due to 

its numerous advanced features, Unreal Engine is an 

ideal solution not only for AAA games but also for 

providing versatile tools for independent creators. 

Both Unity and Unreal Engine continuously evolve 

their platforms to meet the demands of developers and 

the expectations of players. In recent years, the develop-

ment of VR/AR technologies has become particularly 

significant, as these technologies are becoming increas-

ingly advanced and represent a growing trend in the mar-

ket [7]. 

Unity and Unreal Engine offer high performance and 

flexibility, but differences in the quality of applications 

arise depending on the target platform due to the tools 

they provide. It is noticeable that Unity performs better 

with cross-platform applications, while Unreal Engine 
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achieves significantly better results than Unity on desk-

top platforms [8]. 

Vohera and others analyzed game engine architec-

tures, comparing four popular environments: Unity, Un-

real Engine, CryEngine, and GameMaker. The research 

examined key functionalities, including the rendering en-

gine, physics system, animation module, sound system, 

and scripting system. The authors highlighted fundamen-

tal differences in the technologies used by each engine. 

Additionally, the study outlines the supported program-

ming languages and licensing models, emphasizing their 

impact on development. The authors conclude that the 

optimal engine choice depends on the specific require-

ments of the project [9]. 

Zhang conducted research on the Particle Effects sys-

tem in Unreal Engine, focusing on techniques for creat-

ing and optimizing visual effects. The study details the 

process of generating a snow effect, utilizing Unreal En-

gine’s modular system. This system allows developers to 
add, remove, and modify modules as needed, providing 

greater flexibility in designing complex and dynamic vis-

ual effects. By leveraging this approach, Unreal Engine 

enhances both performance and creative possibilities in 

effect generation [10]. 

Salama and Elsayed's study analyzes the performance 

of Unity and Unreal Engine under real-time conditions. 

The research examines FPS stability, performance under 

heavy load, and resource loading time. The findings indi-

cate that Unreal Engine outperforms Unity in high-qual-

ity graphics and complex physics scenarios, while Unity 

is more efficient in simpler scenes due to lower hardware 

demands [11]. 

1.2. Hypothesis 

The research hypothesis assumes that Unreal Engine 

demonstrates higher performance than Unity in sce-

narios requiring complex graphical rendering and 

advanced physics calculations. Additionally, it is ex-

pected that Unreal Engine, with its numerous advanced 

tools for graphic optimization, performs better in scenar-

ios involving a significant number of objects. Con-

versely, Unity may prove to be more efficient and effec-

tive in simpler, less complex scenarios where the number 

of objects is limited. 

 

2. Materials and Methods 

2.1. Research Environment  

The research focused on analyzing the performance of 

the two most popular game development engines: Unity 

and Unreal Engine. The experiments were conducted 

across three different scenarios, including physics simu-

lation and rendering of static and dynamic objects. Dur-

ing each scenario, measurements were taken of CPU, 

GPU, and RAM usage, as well as FPS (Frames per 

Second). The scenarios were designed to replicate real-

world situations that developers may encounter during 

the game development process. For each scenario, tex-

tures were prepared to be as similar as possible, and iden-

tical starting parameters were applied, ensuring compa-

rable results. 

The tests were conducted on a machine running Win-

dows 10 Pro version 22H2. The Unity tests were per-

formed using Unity 2021.3.26f1 LTS, while the Unreal 

Engine tests were conducted with Unreal Engine 4.27.2. 

2.2. Object of the Study 

The tests were conducted on a computer equipped with 

an Intel Core i5-4460 processor, a quad-core CPU with a 

clock speed of 3.2 GHz, and an MSI GeForce GTX 

1050Ti graphics card with 4 GB of GDDR5 memory. Ad-

ditionally, the system had 8 GB of DDR3 RAM and a 256 

GB SSD, ensuring fast data access during testing. This 

hardware configuration represented a mid-range com-

puter, closely resembling the type of equipment used by 

both developers and end users, such as gamers.  

To monitor and record hardware resource usage, such 

as CPU, GPU, and RAM consumption, MSI Afterburner 

and HWmonitor were employed. Additionally, FPS was 

monitored and recorded using Fraps. These tools allowed 

for real-time tracking and logging of resource usage, fa-

cilitating the early detection of any anomalies. 

2.3. Research Procedure  

As part of the research procedure, three different test sce-

narios were prepared and conducted. Each scenario re-

flects the most commonly encountered aspects during the 

game development process. 

The first scenario involved a physics simulation – the 

sphere variant. A transparent rectangular prism was pre-

pared, inside which small pre-made spheres bounced 

around. This scenario allowed for the evaluation of how 

each engine handled physics simulations and managed 

multiple collisions, both between the spheres and the rec-

tangular prism as well as between the spheres them-

selves. Three test sets were prepared, featuring 100, 500, 

and 1000 spheres, respectively. Each sphere was given an 

initial impulse and a starting point. During the scenario, 

CPU usage, GPU usage, RAM usage, and FPS were rec-

orded and monitored. 

The second scenario focused on rendering static ob-

jects. A large space was prepared, on which 3D tree mod-

els were randomly generated from ready-made assets for 

Unity [12]. Similarly, 3D tree models were randomly 

generated from ready-made assets for Unreal Engine 

[13].Trees were generated in a non-overlapping manner, 

and global lighting was prepared. Three test sets were 

prepared, featuring 100, 500, and 1000 trees, respec-

tively. Each scenario was monitored to record CPU us-

age, GPU usage, RAM usage, and FPS. The setup al-

lowed for evaluating how each engine handled the 
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rendering of large numbers of static objects and global 

lighting. 

The last scenario involved rendering dynamic objects 

in a static environment. A city segment was prepared us-

ing ready-made assets, consisting of several buildings 

and typical objects commonly found in urban spaces for 

Unity [14]. Similarly, a city segment was created using 

ready-made assets, featuring the same types of buildings 

and objects for Unreal Engine [15]. Within this city seg-

ment, 3D character models moved randomly from ready-

made assets for Unity [16]. Similarly, 3D character mod-

els moved randomly from ready-made assets for Unreal 

Engine [17]. The characters navigated within a desig-

nated area of the city using an AI script, interacting with 

their surroundings and other characters through colli-

sions. Three test sets were prepared, featuring 10, 25, and 

50 NPCs (Non-Player Characters), respectively. During 

the scenario, CPU usage, GPU usage, RAM usage, and 

FPS were recorded and monitored. This setup enabled an 

assessment of how each engine handled dynamic object 

rendering and AI-driven movement in a static environ-

ment. 

Each scenario was monitored and recorded multiple 

times to ensure reliable results. After recording, the data 

was cleaned to remove any outliers. The results from 

each test were then averaged to make the outcomes com-

parable. This process allowed for drawing conclusions 

and identifying the advantages of one engine over the 

other in each scenario. 

Each test was repeated three times to ensure reliabil-

ity and minimize the impact of random fluctuations. The 

results were then averaged to provide a clear comparison 

between the performance of both engines. 

 

3. Research Results and Discussion 

3.1. Physics Simulation – the Sphere Variant 

The results of the sphere variant for 100, 500, and 1000 

spheres revealed noticeable performance differences be-

tween Unity and Unreal Engine. 

The sphere variant revealed (Table 1) that Unity 

placed less strain on the GPU, particularly noticeable 

with 1000 spheres, where GPU usage was 11.76%. How-

ever, this came at the cost of a significant drop in FPS, 

with an average of 171.46 FPS. In contrast, Unreal En-

gine demonstrated higher GPU usage, reaching up to 

46.35% with the 100-sphere variant, but provided greater 

stability, maintaining an average of 187.38 FPS. Unity 

managed resources more efficiently under heavy loads, 

while Unreal Engine ensured more stable frame rates dur-

ing rendering. 

 

 

Table 1: Measurement Results for Unity and Unreal Engine for 
Sphere Variant 

Type of 

Engine 

Measured 

Component 

Sphere Variant 

100 500 1000 

Unity CPU 64.81% 62.35% 66.14% 

GPU 25.72% 23.29% 11.76% 

RAM (MB) 8494 8339 8455 

FPS 188.45 188.45 171.76 

Unreal 

Engine 

CPU 73.92% 70.81% 71.04% 

GPU 46.35% 41.04% 29.56% 

RAM (MB) 7977 7957 8599 

FPS 187.38 184.44 182.54 

 

3.2. Rendering of Static Objects  

The results of rendering static objects for 100, 500, and 

1000 trees showed significant performance differences 

between Unity and Unreal Engine. 

The results of static object rendering (Table 2) 

showed that Unity had lower GPU usage, ranging be-

tween 12.48% and 13.76%. RAM usage was also lower 

compared to Unreal Engine, and Unity maintained stable 

frame rates at 184 FPS. Unreal Engine exhibited higher 

GPU usage but achieved slightly higher FPS. Unity 

demonstrated more efficient resource management, 

whereas Unreal Engine delivered superior graphical per-

formance. 

 

Table 2: Measurement Results for Unity and Unreal Engine for 
Tree Variant 

Type of 

Engine 

Measured 

Component 

Tree Variant 

100 500 1000 

Unity CPU 45.58% 67.33% 58.78% 

GPU 13.76% 13.42% 12.48% 

RAM (MB) 7767 8605 7915 

FPS 186.54 184.58 184.58 

Unreal 

Engine 

CPU 75% 71.73% 71.19% 

GPU 41.66% 48.76% 55.19% 

RAM (MB) 8309 8212 8362 

FPS 188.96 188.96 182.98 
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3.3. Rendering of Dynamic Objects  

The results of rendering dynamic object for 10, 25, and 

50 NPCs revealed noticeable performance differences 

between Unity and Unreal Engine (Table 3). 

Table 3: Measurement Results for Unity and Unreal Engine for 
NPCs 

Type of 

Engine 

Measured 

Component 

Number of NPCs 

10 25 50 

Unity CPU 59.95% 61.67% 63.18% 

GPU 23.12% 30.22% 32.95% 

RAM (MB) 7833 8028 7945 

FPS 181.38 179.44 184.62 

Unreal 

Engine 

CPU 58.17% 87.28% 82.93% 

GPU 31.88% 67.35% 55.65% 

RAM (MB) 8002 7798 7822 

FPS 184.59 182.01 180.55 

 

In the scenario involving the rendering of dynamic 

objects (Table 3), Unity demonstrated lower GPU usage, 

averaging 32.95%, more stable RAM usage, and con-

sistent frame rates for 50 NPCs. Unreal Engine made 

greater use of the GPU, with the highest average reaching 

67.35% for 25 NPCs, but maintained more stable frame 

rates. While Unreal Engine managed resources better 

with a larger number of characters, Unity exhibited 

greater overall resource stability. 

 

4. Limitations 

Despite the rigorous methodology applied in this study, 
several limitations should be acknowledged, as they may 
have influenced the obtained results and should be con-
sidered when interpreting the findings. 

The study was conducted on a single hardware con-
figuration featuring an Intel Core i5-4460 processor, an 
MSI GeForce GTX 1050Ti graphics card, 8 GB of DDR3 
RAM, and a 256 GB SSD. While this represents a mid-
range system, performance may vary significantly on 
high-end or lower-end hardware. The results might not 
fully reflect performance differences on modern GPUs, 
CPUs with higher core counts, or systems with different 
memory architectures. 

The tests were performed using Unity 2021.3.26f1 
LTS and Unreal Engine 4.27.2. Since both engines are 
continuously updated, introducing optimizations and 
new features, the findings may become outdated with fu-
ture releases. Changes in rendering techniques or re-
source management in newer versions could alter the ob-
served performance characteristics. 

5. Future Work 

This study focused on comparing Unity and Unreal En-
gine in specific test scenarios, but several areas remain 
for further research. 

Future studies could examine performance across di-
verse hardware configurations, including high-end 
GPUs, multi-core CPUs, and varying RAM capacities. 
Testing on mobile and console platforms would also pro-
vide insights into cross-platform optimization. 

Another key area is evaluating newer engine versions, 
as updates may introduce performance improvements 
and new rendering techniques like real-time ray tracing. 

Expanding to more complex scenarios, such as AI 
processing, open-world environments, and multiplayer 
networking, could reveal additional differences in engine 
efficiency. Investigating multi-threading and memory 
management would further enhance understanding of re-
source allocation. 

Finally, future research could assess workflow effi-
ciency and ease of development, considering factors like 
project setup, debugging tools, and asset integration. Ad-
dressing these aspects would provide a more comprehen-
sive comparison, helping developers choose the right en-
gine for their needs. 

 

6. Conclusions 

Unreal Engine proved to be more effective in complex 

scenarios, such as rendering static and dynamic objects 

with a large number of elements on the scene. In these 

scenarios, it achieved higher FPS stability thanks to its 

advanced graphical tools. This supports the hypothesis 

that Unreal Engine demonstrates superior performance in 

complex scenarios. 

Unity exhibited greater efficiency in less complex 

scenarios through lower GPU and RAM usage. Addition-

ally, it managed resources more effectively, supporting 

the hypothesis that Unity is better suited for projects with 

significantly lower complexity. 

The results confirm the advantage of Unreal Engine 

in large, graphically complex projects and the efficiency 

of Unity in less demanding scenarios. 
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