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Motivation 
Recently, federated learning (FL) has garnered attention for 

enabling edge devices to collaborate on training machine learning 
(ML) models without sharing raw data. With its efficiency, privacy 
preservation, and scalability advantages, FL is a promising ML 
training framework to realize edge artificial intelligence (AI). 
 

Given that end-user devices (EDs) are typically powered by 
batteries with limited capacity, it is challenging to execute energy-
intensive FL tasks. To address this challenge, many strategies 
have been proposed to improve the energy efficiency of FL; 
however, there lacks a comprehensive survey and categorization 
of these strategies. 
 

We provide a comprehensive survey of recent advances in 
energy-efficient strategies for FL in mobile edge computing (MEC) 
including system models, challenges in improving energy 
efficiency, existing strategies, and future prospects. 
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Overview of the FL system 

As shown in the figure, an FL 
system usually consists of a 
central unit (model owner), 
e.g., the edge server, and a 
group of EDs (data owners), 
e.g., mobile phones. The 
energy consumption at the 
client stems mainly from the 
computation cost of training 
the local model in step ③  
and the communication cost 
of uploading parameters in 
step ④. 

Front In
form Technol Electro

n Eng



Challenges in improving energy efficiency 
The heterogeneity in computing and communication capabilities 

among clients leads to the straggler problem. The presence of 
stragglers degrades the performance of FL because all devices 
have to wait for the slowest device, resulting in an inefficient use 
of time and energy resources. 
 

 In FL, data on different devices may be non-independent and 
identically distributed (non-IID), and the quantity of data may vary. 
This data heterogeneity necessitates more rounds to achieve a 
satisfying accuracy, resulting in increased energy consumption. 
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Challenges in improving energy efficiency 
ED computing and communication are highly dynamic due to the 

stochastic execution environment. Contention for computing 
resources or unstable network connections can reduce the 
efficiency of FL, leading to higher energy consumption. 

With the development of deep learning and the increasing 
precision requirements of intelligent applications, the complexity 
of ML models has significantly increased. On one hand, highly 
complex computational tasks lead to high local computational 
energy consumption on EDs. On the other hand, the continuously 
increasing number of model parameters significantly increases 
communication loads and energy consumption. Front In
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Summary of energy-efficient  strategies 
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Future directions 
Leveraging hardware advancements. Hardware research in FL can 

focus on reducing energy consumption by designing efficient EDs 
and optimizing computing architectures through low-power compo-
nents and specialized accelerators for distributed learning tasks. 
 

Enhancing communication technologies. Enhancing communication 
technologies for FL involves developing efficient protocols tailored 
for EDs and leveraging advancements such as non-orthogonal 
multiple access (NOMA) and multiple-input multiple-output (MIMO) 
to improve spectrum efficiency and energy efficiency in wireless 
communication systems.  
 

 Integration of AI methods. Future research in FL can integrate 
advanced AI methods like model compression, meta-learning, and 
reinforcement learning to tailor compressed models, facilitate 
knowledge transfer among nodes, and enable intelligent decision-
making for optimized resource allocation, thus reducing energy 
consumption. 
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Summary 
In this paper, we concentrate on the energy consumption 
optimization problem of FL in MEC. First, we introduce the system 
model and the energy consumption models, encompassing both 
the computational and the communication energy consumption 
models. Subsequently, we provide a comprehensive overview of 
the primary challenges in terms of improving energy efficiency. We 
categorize the existing energy-efficient strategies for FL into three 
main categories: learning-based strategies, resource allocation 
strategies, and client selection strategies. For each category, we 
provide detailed introductions and summaries of the strategies. 
Finally, we discuss potential research directions for achieving 
energy-efficient FL. 
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