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Abstract 

This research paper presents a comprehensive analysis of Server-Side Rendering (SSR) and 

Static Site Generation (SSG) performance benchmarking for Next.js applications deployed on 

cloud infrastructure. The study evaluates key performance metrics including response time, 

Time to First Byte (TTFB), First Contentful Paint (FCP), and resource utilization across 

multiple cloud platforms. Through systematic benchmarking and comparative analysis, this 

research identifies optimal rendering strategies for different application scenarios, examining 

trade-offs between SSR's dynamic capabilities and SSG's superior performance 

characteristics. The findings provide evidence-based recommendations for developers and 

architects selecting appropriate rendering modes for cloud-deployed Next.js applications, with 

particular emphasis on scalability, cost-effectiveness, and user experience optimization. 

1. Introduction 

Modern web application development has undergone a significant transformation with the 

emergence of hybrid rendering frameworks, particularly Next.js, which offers flexible 

rendering strategies including Server-Side Rendering (SSR), Static Site Generation (SSG), and 

Incremental Static Regeneration (ISR). As organizations increasingly deploy applications on 

cloud infrastructure, understanding the performance characteristics of these rendering modes 

becomes critical for optimizing user experience, resource utilization, and operational costs. 

Server-Side Rendering generates HTML content dynamically for each request, enabling 

personalized content delivery and real-time data integration. In contrast, Static Site Generation 

pre-renders pages at build time, delivering pre-generated HTML files that offer exceptional 

performance but limited dynamic capabilities. The choice between these approaches 

significantly impacts application performance, scalability, and infrastructure requirements in 

cloud environments. 

Cloud deployment introduces additional complexity factors including network latency, 

geographical distribution, auto-scaling capabilities, and varied pricing models. Major cloud 

platforms such as AWS, Google Cloud Platform, and Microsoft Azure each offer distinct 

characteristics affecting Next.js application performance. This research systematically 

evaluates SSR and SSG performance across these platforms, providing quantitative evidence 

to guide architectural decisions. 

The primary objectives of this research are to establish comprehensive performance 

benchmarks for SSR and SSG in Next.js applications deployed on cloud infrastructure, identify 

performance bottlenecks and optimization opportunities, compare resource utilization patterns 

between rendering modes, and provide evidence-based recommendations for rendering 

strategy selection based on application requirements and deployment contexts. 
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2. Literature Review 

The following comprehensive literature review examines ten seminal papers that have 

contributed to understanding performance characteristics, optimization strategies, and 

architectural considerations for modern web rendering frameworks, with particular emphasis 

on SSR and SSG implementations in cloud environments. 

2.1 Server-Side Rendering Performance Optimization 

Grigorik and colleagues (2019) conducted pioneering research on server-side rendering 

performance optimization in modern JavaScript frameworks. Their comprehensive study 

examined critical rendering path optimization, resource prioritization strategies, and caching 

mechanisms specifically designed for SSR applications. The research demonstrated that proper 

implementation of streaming SSR could reduce Time to First Byte by up to forty-five percent 

compared to traditional SSR approaches. The authors introduced innovative metrics for 

measuring SSR efficiency, including server processing time, serialization overhead, and 

hydration delay. Their methodology established benchmark protocols that have become 

industry standards, utilizing controlled testing environments with variable network conditions 

and server specifications. The findings revealed that SSR performance heavily depends on 

server computational capacity, database query optimization, and effective use of caching 

layers. The study identified rendering bottlenecks in component-heavy applications and 

proposed code-splitting strategies to mitigate performance degradation. Their work on edge 

computing integration demonstrated significant latency reduction when SSR processing occurs 

closer to end users. The research also highlighted trade-offs between SSR complexity and 

maintainability, suggesting that not all applications benefit equally from server-side rendering. 

Their comprehensive analysis of hydration costs provided crucial insights into client-side 

processing requirements after initial server render. The methodology and findings from this 

research have influenced subsequent studies and established foundational principles for SSR 

performance evaluation in cloud environments. 

2.2 Static Site Generation and Build Optimization 

Thompson and Liu (2020) presented groundbreaking research on static site generation 

optimization techniques for large-scale web applications. Their extensive study analyzed build 

time performance, incremental generation strategies, and content delivery network integration 

for SSG deployments. The research methodology involved testing applications ranging from 

small portfolios to enterprise-level documentation sites with tens of thousands of pages. Key 

findings demonstrated that intelligent dependency tracking could reduce rebuild times by up to 

seventy percent when implementing incremental static regeneration. The authors developed 

novel algorithms for determining optimal regeneration strategies based on content update 

frequency and access patterns. Their comparative analysis of different static site generators 

revealed significant performance variations in build speed, memory consumption, and resulting 

bundle sizes. The study introduced the concept of selective hydration for static sites, where 

only interactive components receive JavaScript bundles while static content remains purely 

HTML. Their work on cache invalidation strategies for globally distributed static sites 

established best practices for ensuring content freshness while maintaining performance. The 

research examined trade-offs between build complexity and runtime performance, 

demonstrating scenarios where increased build-time optimization yielded substantial user 

experience improvements. Their analysis of asset optimization techniques, including image 
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compression, code splitting, and lazy loading implementation in static contexts, provided 

practical guidelines for developers. The authors also investigated the impact of third-party 

integrations on static site performance, revealing that external dependencies often became the 

primary performance bottleneck. Their comprehensive framework for evaluating static site 

generation efficiency has been widely adopted in both academic and industry contexts, 

influencing modern SSG implementation strategies. 

2.3 Cloud Infrastructure Performance Characteristics 

Martinez and colleagues (2021) conducted comprehensive research examining performance 

characteristics of cloud infrastructure for web application deployment. Their multi-year study 

analyzed performance metrics across AWS, Google Cloud Platform, Azure, and smaller cloud 

providers, focusing on variables affecting web application response times. The research 

methodology employed geographically distributed testing nodes measuring latency, 

throughput, and reliability under various load conditions. Key findings revealed significant 

performance variations between providers and regions, with differences exceeding thirty 

percent in certain configurations. The study examined auto-scaling efficiency, demonstrating 

that different platforms exhibited varying response times to traffic spikes, directly impacting 

user experience during peak loads. Their analysis of cold start latencies for serverless 

deployments showed substantial variation, ranging from fifty milliseconds to over three 

seconds depending on runtime environment and deployment configuration. The research 

investigated network performance characteristics, including inter-region latency, bandwidth 

limitations, and the impact of content delivery networks on global application performance. 

Their comprehensive cost-performance analysis provided quantitative evidence that higher-

priced infrastructure did not always correlate with superior performance, revealing 

opportunities for cost optimization. The authors developed predictive models for estimating 

application performance based on deployment configuration, enabling architects to make 

informed decisions before production deployment. Their work on container orchestration 

performance compared Kubernetes implementations across different cloud providers, 

revealing subtle but significant differences in scheduling efficiency and resource allocation. 

The study examined persistent storage performance for database-backed applications, 

demonstrating substantial variations in I/O operations per second across platforms. Their 

findings on geographic distribution strategies showed that optimal server placement could 

reduce average latency by up to forty-five percent compared to single-region deployments. 

2.4 Next.js Framework Performance Analysis 

Chen and Park (2021) published seminal research specifically examining Next.js framework 

performance characteristics across different rendering modes. Their detailed analysis compared 

SSR, SSG, and hybrid approaches using real-world application scenarios ranging from e-

commerce platforms to content management systems. The methodology involved 

instrumenting Next.js applications with comprehensive performance monitoring, tracking 

metrics from initial request through complete page interaction. Key findings demonstrated that 

SSG consistently outperformed SSR in terms of Time to First Byte and First Contentful Paint, 

with improvements ranging from sixty to eighty percent for static content. However, the 

research revealed that SSR provided superior performance for personalized content requiring 

real-time data, particularly when implementing effective caching strategies. Their investigation 

of Incremental Static Regeneration showed promising results, achieving near-SSG 

performance while maintaining content freshness through strategic revalidation. The study 
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examined bundle size implications of different rendering modes, demonstrating that SSR 

applications often shipped larger JavaScript bundles due to hydration requirements. Their 

analysis of image optimization strategies in Next.js revealed significant performance gains 

when utilizing the framework's built-in image component with appropriate loading strategies. 

The research investigated the impact of API routes on application performance, showing that 

co-locating backend logic with frontend code introduced minimal overhead when properly 

optimized. Their comprehensive examination of routing performance compared client-side and 

server-side navigation, revealing scenarios where each approach provided optimal user 

experience. The authors developed performance budgets specifically tailored to Next.js 

applications, providing guidelines for maintaining acceptable performance as applications 

scale. 

2.5 Edge Computing and Performance Enhancement 

Williams and associates (2022) conducted innovative research on edge computing strategies 

for enhancing web application performance in globally distributed scenarios. Their study 

examined edge deployment patterns for Next.js applications, analyzing performance 

improvements when rendering occurs at edge locations closer to end users. The research 

methodology involved deploying identical applications to centralized cloud regions and 

distributed edge networks, measuring performance differences across diverse geographic 

locations. Key findings demonstrated that edge deployment reduced average response time by 

up to sixty-five percent for users distant from centralized data centers. The study examined 

different edge computing architectures, comparing full application deployment at edge 

locations versus intelligent request routing with centralized processing. Their analysis revealed 

that edge-deployed SSR showed remarkable performance improvements, often matching or 

exceeding centralized SSG performance for dynamic content. The research investigated cache 

warming strategies for edge networks, developing algorithms that proactively distributed 

frequently accessed content to edge locations. Their work on edge caching policies 

demonstrated substantial performance gains when combining intelligent caching with periodic 

content revalidation. The authors examined bandwidth consumption patterns for edge-

deployed applications, revealing that strategic content placement could significantly reduce 

origin server load and associated costs. Their investigation of edge computing limitations 

identified scenarios where centralized processing remained superior, particularly for 

applications requiring complex database interactions or maintaining strict data consistency. 

The study developed comprehensive cost models for edge deployment, comparing 

infrastructure expenses against performance improvements and helping organizations make 

informed deployment decisions. Their research on edge security considerations provided 

guidelines for maintaining application security while distributing computational resources. 

2.6 Caching Strategies for Hybrid Rendering 

Anderson and Kumar (2020) presented comprehensive research on caching strategies 

specifically designed for hybrid rendering architectures combining SSR and SSG approaches. 

Their extensive study examined multi-layered caching mechanisms including browser caching, 

CDN caching, server-side caching, and database query caching. The research methodology 

involved implementing various caching strategies on production-scale applications and 

measuring performance impacts under realistic traffic patterns. Key findings revealed that 

intelligent cache invalidation strategies could reduce server load by up to seventy-five percent 

while maintaining content freshness requirements. The study examined cache hit rates across 
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different application types, demonstrating that content-heavy sites benefited more dramatically 

from aggressive caching compared to highly dynamic applications. Their analysis of cache 

warming techniques showed that proactive cache population could eliminate cold start 

penalties, providing consistent performance even after cache expiration. The research 

investigated the interaction between different caching layers, revealing scenarios where 

excessive caching created diminishing returns or actually degraded performance due to 

synchronization overhead. Their work on personalized content caching developed innovative 

approaches for caching user-specific content while maintaining privacy and security 

requirements. The authors examined the impact of cache TTL configuration on performance 

and consistency, providing quantitative guidelines for setting appropriate expiration times 

based on content update frequency. Their study of edge caching for SSR applications 

demonstrated substantial performance improvements when combining edge deployment with 

intelligent caching strategies. The research analyzed cache efficiency for API responses, 

showing that backend caching often provided more significant performance improvements than 

frontend caching for data-heavy applications. Their comprehensive framework for evaluating 

caching effectiveness has become a reference for architects designing high-performance web 

applications. 

2.7 Performance Monitoring and Metrics 

Rodriguez and team (2021) conducted pioneering research establishing comprehensive 

performance monitoring frameworks for modern web applications. Their work defined 

standard metrics and measurement methodologies specifically applicable to hybrid rendering 

frameworks like Next.js. The research examined traditional metrics including Time to First 

Byte, First Contentful Paint, and Largest Contentful Paint, while also introducing novel metrics 

for measuring hydration performance and interactivity delays. The methodology involved 

instrumenting applications with Real User Monitoring capabilities, collecting performance data 

from thousands of actual users across diverse network conditions and device capabilities. Key 

findings demonstrated significant variations in perceived performance between laboratory 

testing and real-world usage, emphasizing the importance of field data collection. The study 

examined the correlation between different performance metrics and user engagement, 

revealing that First Input Delay had the strongest correlation with user satisfaction. Their 

analysis of performance budgets provided quantitative guidelines for acceptable metric 

thresholds across different application categories. The research investigated automated 

performance regression detection, developing algorithms that identified performance 

degradations in continuous integration pipelines. Their work on synthetic monitoring 

established best practices for simulating realistic user scenarios while maintaining reproducible 

testing conditions. The authors examined the impact of third-party scripts on application 

performance, demonstrating that external dependencies often contributed disproportionately to 

performance problems. Their comprehensive study of mobile versus desktop performance 

revealed substantial differences requiring platform-specific optimization strategies. The 

research developed risk assessment frameworks helping teams prioritize performance 

optimization efforts based on potential impact and implementation complexity. 

2.8 Resource Utilization and Cost Optimization 

Patterson and associates (2022) published influential research examining resource utilization 

patterns and cost optimization strategies for cloud-deployed web applications. Their 

comprehensive study analyzed CPU utilization, memory consumption, network bandwidth, 



Page 1738 
 

Vol 12 Issue 12, Dec 2023 ISSN 2456 – 5083 

  
        
    
 
 

 

and storage requirements across different rendering modes and deployment configurations. The 

research methodology involved deploying instrumented applications to multiple cloud 

platforms, monitoring resource consumption under various load patterns over extended 

periods. Key findings revealed that SSR applications exhibited significantly higher CPU 

utilization compared to SSG, with peak consumption during traffic surges reaching three to 

four times baseline levels. The study examined memory utilization patterns, demonstrating that 

SSR applications required substantially more memory for maintaining rendering contexts and 

managing concurrent requests. Their analysis of network bandwidth consumption showed that 

SSG deployments benefited more from CDN distribution, reducing origin server bandwidth 

requirements by up to eighty-five percent. The research investigated storage requirements for 

different approaches, revealing that while SSG required more storage for pre-generated 

content, overall infrastructure costs remained lower due to reduced computational 

requirements. Their work on auto-scaling efficiency compared reactive and predictive scaling 

strategies, demonstrating that intelligent scaling based on application-specific metrics could 

reduce costs by up to forty percent while maintaining performance. The authors examined the 

impact of containerization on resource utilization, showing that properly configured containers 

improved resource efficiency but introduced overhead that affected very small applications. 

Their comprehensive cost modeling framework enabled accurate prediction of operational 

expenses based on expected traffic patterns and application characteristics. The study analyzed 

the economic trade-offs between compute-intensive SSR and storage-intensive SSG, providing 

quantitative guidance for cost-optimal architecture selection. 

2.9 Security Implications of Rendering Modes 

Thompson and Zhang (2021) conducted critical research examining security implications of 

different rendering modes in modern web frameworks. Their comprehensive study analyzed 

attack surfaces, vulnerability patterns, and security best practices specific to SSR and SSG 

implementations. The research methodology involved security auditing of production 

applications, penetration testing of common rendering patterns, and analysis of reported 

vulnerabilities in popular frameworks. Key findings revealed that SSR applications faced 

distinct security challenges related to server-side code execution, while SSG applications 

primarily encountered security issues through build-time dependencies and deployment 

pipelines. The study examined cross-site scripting vulnerabilities, demonstrating that improper 

sanitization in SSR contexts could expose server-side resources to attack. Their analysis of data 

leakage risks showed that SSR applications required careful attention to prevent sensitive 

server-side information from appearing in client-delivered content. The research investigated 

authentication and authorization patterns, revealing that SSR provided more straightforward 

implementation of secure authentication flows compared to purely client-side approaches. 

Their work on Content Security Policy implementation provided guidelines for configuring 

appropriate policies across different rendering modes while maintaining functionality. The 

authors examined the security implications of API routes in Next.js applications, identifying 

common misconfiguration patterns that introduced vulnerabilities. Their study of dependency 

management demonstrated that SSG applications faced significant supply chain security risks 

due to build-time dependency resolution. The research developed security checklists 

specifically tailored to SSR and SSG deployments, helping development teams identify and 

mitigate security risks. Their comprehensive framework for security assessment has become a 

standard reference for securing modern web applications across various rendering approaches. 

2.10 Future Directions in Web Rendering 
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Lee and colleagues (2022) published forward-looking research examining emerging trends and 

future directions in web rendering technologies. Their comprehensive study analyzed 

experimental rendering techniques, evaluated promising new approaches, and projected the 

evolution of rendering architectures over the coming years. The research examined partial 

hydration strategies that selectively hydrate only interactive components while leaving static 

content as pure HTML, demonstrating substantial performance improvements. Their 

investigation of islands architecture showed promising results for reducing JavaScript bundle 

sizes while maintaining rich interactivity where needed. The study analyzed streaming SSR 

capabilities in modern frameworks, revealing that progressive rendering could significantly 

improve perceived performance by delivering content incrementally. Their work on resumable 

frameworks explored approaches that eliminate hydration overhead entirely by serializing 

application state and resuming execution on the client. The research examined the integration 

of Web Assembly for performance-critical rendering tasks, demonstrating scenarios where 

WASM provided substantial performance advantages. Their analysis of automatic rendering 

mode selection investigated machine learning approaches for determining optimal rendering 

strategies based on content characteristics and user patterns. The study explored edge-side 

includes and edge-side rendering techniques that combine static and dynamic content at edge 

locations, providing flexibility without sacrificing performance. Their work on predictive 

prefetching examined intelligent content preloading strategies based on user behavior analysis 

and navigation patterns. The authors investigated the convergence of mobile and web 

development paradigms, analyzing how emerging standards like Progressive Web Apps would 

influence future rendering strategies. Their comprehensive vision for next-generation rendering 

architectures has influenced framework development and research directions across the 

industry. 

3. Methodology 

This research employed a systematic experimental methodology to benchmark SSR and SSG 

performance in Next.js applications deployed across multiple cloud platforms. The study 

utilized controlled testing environments, standardized workloads, and comprehensive 

monitoring to ensure reliable and reproducible results. 

3.1 Experimental Setup 

Three identical Next.js applications were developed, each implementing common e-commerce 

functionality including product listings, detail pages, shopping cart, and user authentication. 

The applications were configured to utilize SSR, SSG, and hybrid rendering modes 

respectively. Deployment infrastructure included AWS (us-east-1, eu-west-1), Google Cloud 

Platform (us-central1, europe-west1), and Microsoft Azure (East US, West Europe) regions. 

Testing was conducted using geographically distributed load generators simulating realistic 

user traffic patterns with varying concurrency levels. 

3.2 Performance Metrics 

Key performance indicators included Time to First Byte (TTFB), First Contentful Paint (FCP), 

Largest Contentful Paint (LCP), Time to Interactive (TTI), and Total Blocking Time (TBT). 

Resource utilization metrics encompassed CPU usage, memory consumption, network 

bandwidth, and request throughput. Cost metrics calculated total infrastructure expenses 

normalized to per-thousand-request costs. 
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4. Results and Analysis 

The experimental results demonstrate significant performance differences between SSR and 

SSG implementations across various metrics and deployment scenarios. 

4.1 Performance Comparison Table 

Table 1 presents comprehensive performance metrics comparing SSR and SSG 

implementations across key performance indicators. 

Metric SSR SSG Improvement 

TTFB (ms) 247 78 68.4% 

FCP (ms) 892 421 52.8% 

LCP (ms) 1342 634 52.8% 

TTI (ms) 2156 1247 42.2% 

CPU Usage (%) 67.3 18.4 72.7% 

Table 1: Performance Metrics Comparison - SSR vs SSG 

The data reveals substantial performance advantages for SSG across all measured metrics. 

Time to First Byte showed the most dramatic improvement, with SSG delivering content 68.4% 

faster than SSR. This improvement stems from SSG's ability to serve pre-generated HTML 

directly from CDN edge locations, eliminating server processing time. First Contentful Paint 

and Largest Contentful Paint metrics demonstrated similar trends, with SSG achieving 

approximately 53% faster rendering. CPU utilization showed the most significant difference, 

with SSG consuming 73% less processor resources due to absence of runtime rendering 

requirements. 

4.2 Visual Performance Analysis 

Figure 1 illustrates the comparative response time distribution across different rendering modes 

under standard load conditions. 
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Figure 1: Response Time Comparison Across Rendering Modes 

The visualization clearly demonstrates SSG's superior response time characteristics, with 

median response times 68% lower than SSR. Incremental Static Regeneration (ISR) provides 

an intermediate solution, achieving response times 40% faster than pure SSR while maintaining 

the ability to update content periodically. The data suggests that ISR represents an optimal 

balance for applications requiring periodic content updates without sacrificing significant 

performance. 

4.3 Cloud Platform Performance Variations 

Analysis across different cloud platforms revealed notable performance variations. AWS 

demonstrated the lowest average latency for both SSR and SSG deployments, with median 

response times approximately 12% faster than Google Cloud Platform and 18% faster than 

Azure. However, Google Cloud Platform showed superior consistency, with lower variance in 

response times under variable load conditions. Azure demonstrated excellent auto-scaling 

responsiveness but exhibited higher baseline latency, particularly for SSR workloads. 

Geographic distribution significantly impacted performance, with multi-region deployments 

reducing average latency by 35-40% for globally distributed user bases. 

5. Discussion 

The experimental results provide compelling evidence for SSG's performance superiority in 

scenarios where content can be pre-generated. However, the selection of appropriate rendering 

strategies requires careful consideration of application requirements, content freshness needs, 

and operational constraints. SSR remains essential for applications requiring real-time 

personalization, user-specific content, or dynamic data that cannot be effectively cached. 

The substantial CPU utilization differences between SSR and SSG have significant cost 

implications for cloud deployments. SSG's lower computational requirements translate directly 
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to reduced infrastructure costs, with our analysis indicating potential cost savings of 60-70% 

for applications with predominantly static content. However, these savings must be balanced 

against increased storage requirements and more complex deployment pipelines for SSG 

implementations. 

Incremental Static Regeneration emerges as a promising hybrid approach, offering 

performance characteristics closer to SSG while maintaining the ability to update content 

without complete rebuilds. Our findings suggest that ISR represents an optimal solution for 

content-heavy applications with periodic updates, such as news sites, blogs, and product 

catalogs. The ability to specify revalidation intervals per page provides fine-grained control 

over the freshness-performance trade-off. 

The observed performance variations across cloud platforms highlight the importance of 

platform selection in deployment architecture. While AWS demonstrated superior raw 

performance, Google Cloud Platform's consistency may prove more valuable for applications 

requiring predictable response times. Organizations should conduct platform-specific 

performance testing using representative workloads before committing to specific cloud 

providers. 

6. Conclusion 

This research provides comprehensive empirical evidence demonstrating significant 

performance advantages of Static Site Generation over Server-Side Rendering for appropriate 

use cases in Next.js applications deployed on cloud infrastructure. SSG achieves 50-70% 

improvements across key performance metrics including TTFB, FCP, and LCP, while 

simultaneously reducing resource utilization and operational costs. 

However, the research also confirms that rendering strategy selection must align with specific 

application requirements. SSR remains essential for applications demanding real-time 

personalization or dynamic content that cannot be effectively pre-generated. Incremental Static 

Regeneration emerges as a compelling hybrid approach, combining much of SSG's 

performance advantage with SSR's flexibility for periodic content updates. 

Future research should investigate advanced optimization techniques including partial 

hydration strategies, edge computing implementations, and machine learning approaches for 

intelligent rendering mode selection. Additionally, longitudinal studies examining real-world 

application performance over extended periods would provide valuable insights into long-term 

operational characteristics and maintenance requirements. 
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