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Positioning Information

In recent years, Generative AI, including Large Language Models (LLMs) and vision models, has emerged
as a transformative technology in artificial intelligence, driving innovation across industries. However,
deploying these models—whether for training, fine-tuning, or inference—poses significant computational
challenges.

The scale of data in GenAI is staggering. Models like Llama 3.1, trained on over 15 trillion tokens using a
custom-built GPU cluster with 39.3 million GPU hours, illustrate the immense computational demands. Such
training can be prohibitively expensive when relying on cloud services. Hypothetically, running on AWS P5
instance H100 system will run you over $483 M in cloud costs ignoring the storage requirements of the
training data. Organizations must carefully evaluate deployment strategies, weighing the total cost of
ownership (TCO) of on-premises infrastructure against cloud services.

Figure 1. Lenovo ThinkSystem SR675 V3 with support for eight double-wide GPUs is an ideal on-prem
Generative AI server

GenAI models typically operate in two key phases: training and inference. Training involves processing
massive datasets—often measured in tens of trillions of tokens—requiring substantial compute resources
over long periods. Inference, though less compute-intensive per request, demands continuous, low-latency
responses at scale, especially as user demand grows. For both prolonged training and persistent inference
at high throughput, on-premises infrastructure offers significant advantages. The fixed nature of capital
expenditure (CapEx), combined with optimized utilization of dedicated GPUs, makes on-prem a more cost-
efficient option over time. In contrast, cloud costs scale linearly with usage, making them ideal for short-term
or burst workloads but economically inefficient for sustained GenAI operations.
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Component Cost Analysis: On-Prem vs. Cloud Deployment
When deciding between on-premises and cloud deployment for Generative AI models, understanding the
associated costs is crucial. Each approach comes with unique financial implications that can significantly
impact a company's budget and operational efficiency.

Table 1. Component Cost Analysis of On-premise v Cloud

Cost Element On-Premises Cloud
Capital Expenditure (CapEx) High initial investment (servers, GPUs,

etc.)
None; operationalized as pay-as-you-
go

Operational Expenditure
(OpEx)

Power, cooling, staffing, facility
overhead

Ongoing subscription, storage,
bandwidth

Software & Licensing Purchased outright or annually Included in service fees or usage-
based

Scalability Limited to physical capacity or added
rent/ leasing costs

Virtually unlimited and elastic

Data Privacy & Security Full control, customizable, Data stays
within owned infrastructure

Data handled off-site; subject to
provider policies.

Refresh Cycle & Depreciation 3–5-year lifecycle, refresh required Abstracted, continuous upgrades by
provider

On-Premises Deployment Costs
On-premises infrastructure involves high upfront costs for servers, GPUs, storage, and physical
infrastructure like cooling and space. These systems must be maintained regularly, and ongoing expenses
such as electricity and software licensing add to the total cost of ownership. However, this model offers cost
predictability and efficiency over time, especially for stable, long-term AI workloads where infrastructure
utilization is consistently high. The costs include:

GPU instance cost: This includes the cost of the GPU instance itself, which can vary depending on
the type and quantity of GPUs required.
Memory and storage costs: The cost of memory and storage required to support the GPU instance
should also be considered.
Power and cooling costs: The power and cooling requirements of the GPU instance can impact the
overall cost of ownership.

Scope of Cost Analysis

While total cost of ownership can include numerous factors—such as operating system and application
licensing, patching, networking costs, IT staffing, network variability across regions, and software stack
maintenance—for the purpose of this whitepaper, we limit our analysis to infrastructure costs (primarily
compute hardware) and power and cooling expenses. This simplification allows for a focused comparison
between on-premises and cloud deployments under typical high-throughput AI workloads, though it is
important to note that real-world deployments may incur additional costs outside the scope of this analysis.

A more comprehensive cost breakdown, incorporating these additional variables, is planned to be
included in future updates to this paper.
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Cloud Deployment Costs
Cloud infrastructure offers flexibility through pay-as-you-go pricing and managed services, reducing upfront
capital expenditure. However, costs can quickly escalate due to data transfer, storage, retrieval, and usage-
based pricing. Long-term commitments provide discounts but limit agility, while variable workloads and
vendor lock-in complicate cost forecasting. For dynamic or short-term workloads, cloud remains
advantageous, but for sustained usage, it often proves more expensive than on-prem as we will show in our
analysis.

Scope of Cost Analysis

For this analysis, we compare the total cost of ownership for leading cloud providers—AWS, Google Cloud
Platform (GCP), and Microsoft Azure—against Lenovo’s on-premises infrastructure, focusing specifically on
server acquisition, power consumption, and cooling. To maintain consistency and simplicity, we exclude
ancillary cloud costs such as those associated with managed services (e.g., AWS Bedrock), data storage
(AWS EBS or S3), or data transfer. Instead, we base our comparison on the hourly compute pricing of EC2-
like instances. We evaluate both on-demand pricing and discounted rates through 1-year, and 3-year
savings plans and directly compare these to the hourly cost of operating on-premises infrastructure.

Considerations
Both on-premises and cloud deployments present distinct cost profiles that require careful consideration. On-
premises solutions demand significant upfront investments and ongoing operational expenses, while cloud
deployment offers flexibility but introduces risks of unexpected charges, vendor lock-in and long-term
commitments. On-prem also offers greater control over sensitive data, as all storage and processing remain
within the organization’s own network perimeter. In contrast, cloud environments may pose higher privacy
risks due to third-party data handling and shared infrastructure, making regulatory compliance and data
sovereignty more complex. Understanding these factors is essential for making an informed decision that
aligns with the organization's financial capacity and strategic goals.
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Comparing On-prem vs Cloud costs
We will evaluate TCO across three core scenarios and a representative set of seven server configurations.
This analysis focuses on three key GPU types commonly used in GenAI workloads: NVIDIA H100, H200,
and L40S. For each on-premises Lenovo server configuration, we identify the equivalent cloud instance
offered by cloud providers such as AWS and GCP.

Table 2. Configuration of servers compared for the study

Server On-Prem Configuration Cloud Equivalent
Server 1 ThinkSystem SR675 V3 - 8x NVIDIA H100 NVL

94GB PCIe Gen5
Amazon AWS EC2 p5.48xlarge - 8x NVIDIA Tesla
H100 GPUs

Server 2 ThinkSystem SR675 V3 - 8x NVIDIA H200 NVL
141GB PCIe Gen5

Amazon AWS EC2 p5en.48xlarge - 8x NVIDIA
Tesla H200 GPUs

Server 3 ThinkSystem SR675 V3 - 4x NVIDIA H100 NVL
94GB

Google GCP a3-highgpu-4g - 4x NVIDIA H100
80GB GPUs

Server 4 ThinkSystem SR675 V3 - 8x NVIDIA L40 48GB
PCIe*

Google GCP a2-ultragpu-8g - 8x NVIDIA A100
80GB GPUs

Server 5 ThinkSystem SR650 V3 - 1x NVIDIA L40S 48GB,
Intel Xeon Silver 4514Y (16 cores, 150W, 2.0GHz)

Amazon AWS EC2 g6e.8xlarge - 1x NVIDIA L40S
Tensor Core GPU

Server 6 ThinkSystem SR650 V3 - 1x NVIDIA L40S 48GB
PCIe Gen4, Intel Xeon Gold 6530 (32 cores, 270W,
2.1GHz)

Amazon AWS EC2 g6e.16xlarge - 1x NVIDIA L40S
Tensor Core GPU

Server 7 ThinkSystem SR650a V4 - 4x NVIDIA L40S 48GB
PCIe Gen4, Intel Xeon 6747P (48 cores, 330W,
2.7GHz)

Amazon AWS EC2 g6e.24xlarge - 4x NVIDIA L40S
Tensor Core GPUs

* The A100 GPU is not used in this configuration because the A100 is now withdrawn from marketing

We provide three different comparison cases for the equivalent servers. For brevity, we have only posted
calculations for Server 1 in this section. All calculations and figures for other servers are available in the
Appendix.

Case 1: Breakeven Point Analysis
Case 2: Total Cost of Ownership and Savings Over Time
Case 3: Hourly Utilization Threshold

Case 1: Breakeven Point Analysis
This scenario identifies the breakeven point—the point in time where the cumulative cost of cloud
infrastructure matches the total investment in on-premises infrastructure. Prior to this point, cloud solutions
may be more cost-effective. Beyond it, on-premises infrastructure delivers greater long-term savings.

Let’s take Server 1 for instance, the ThinkSystem SR675 V3, equipped with 8x NVIDIA H100 NVL 94GB
PCIe Gen5 GPUs. The cloud equivalent for this server is the Amazon EC2 P5 Instance (p5.48xlarge), which
offers the same 8x NVIDIA H100 GPUs, along with 192 VCPUs and 2048 GiB memory. For this analysis, we
are focusing on a single server configuration rather than a full rack, enabling a more focused and practical
TCO comparison.

On-Demand Cost for cloud instance: $98.32 per hour (at the time of writing)
1-Year Reserved Instance Cost: $77.43 per hour
Estimated On-Prem Power & Cooling Cost: ~$0.87 per hour (at $0.15/kWh for server + HVAC)
On-Prem Total System Cost: ~$833,806 (considering no sales discounts)
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To calculate the breakeven point—the number of hours at which the total cost of using cloud services equals
the total cost of on-premises infrastructure—we compare the two cost models:

cloud_cost = 98.32 * x
onprem_cost = 0.87 * x + 833806

To find the breakeven point, we set the two equations equal:

98.32 * x = 0.87 * x + 833,806.00

Solving for x:

x ≈ 8556 hours

So, the breakeven point is reached at approximately 8,556 hours or 11.9 months of usage. Beyond this
point, operating on-prem infrastructure becomes more cost-effective than continuing with cloud services.
Plotting these two equations we can visualize the breakeven point and the savings region.

Figure 2. Breakeven analysis of Server 1 considering hourly costs

For the same server, instead of the hourly costs we can repeat the breakeven calculation using discounted
hourly rates from AWS savings plans:

1-Year Reserved Instance Cost:
Breakeven: x = 833,806.00 / (77.427 - 0.87) ≈ 10,890 hours ~ 15.13 months
3-Year Reserved Instance Cost:
Breakeven: x = 833,806.00 / (53.945 - 0.87) ≈ 15710 hours ~ 21.82 months (a little less than 2 years)

These longer breakeven points indicate that while reserved pricing offers lower hourly cloud rates, on-prem
infrastructure still becomes more cost-effective in the long run for sustained usage.
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Figure 3. Breakeven analysis of Server 1 considering yearly discounted cost

Figure 4. Breakeven analysis of Server 1 with 3-year savings plan
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Case 2: Total Cost of Ownership and Savings Over Time
Assuming a 5-year operational lifespan for on-premises servers, this scenario compares total costs over
time. It quantifies both annual and cumulative savings achieved by using on-prem infrastructure instead of
cloud services. A 5-year lifespan means that we let the server fully depreciate with no recovery value. This
means that when you purchase let’s say an NVIDIA H100 GPU, you spread the purchase cost over its
useful life. To understand long-term cost implications, we calculate the total 5-year cost of running the
system continuously (24 hours per day) on both cloud and on-premises infrastructure. This helps quantify
cumulative savings over a typical server lifecycle.

Assumptions:

Continuous operation: 24 hours/day for 5 years
Total hours over 5 years: 24 × 365 × 5 = 43,800 hours

Cost Calculations:

Cloud 5-Year Cost: cloud_hourly × 43,800
On-Prem 5-Year Cost: onprem_base_cost + (onprem_hourly × 43,800)
Savings: cloud_cost_5yr - onprem_cost_5yr

Taking Server 1 ThinkSystem SR675 V3 — 8x NVIDIA H100 NVL 94GB PCIe Gen5 and cloud equivalent
Amazon EC2 P5 Instances (p5.48xlarge) with 8× NVIDIA H100 GPUs as an example.

On-Prem Cost: $833,806 + (0.87 x 43800) = $871,912
Cloud Cost: $98.32 * 43800 = $4,306,416.00
Total Savings Over 5 Years:  $ 3,434,504

The following figure illustrates both the annual savings and the cumulative cost difference  between on-
premises and cloud deployments over a 5-year period, highlighting the growing financial advantage of on-
prem infrastructure with sustained usage.

Figure 5. Savings for Server 1 when using on-premise compared to cloud hourly costs
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Considering 1 Year Savings plan cost:

Yearly savings plan cloud cost for 5 years: $77.427 * 43800 = $3,391,302.6
Total savings over 5 years: $2,519,390.6

Figure 6. Savings for Server 1 when using on-premise compared to cloud yearly plan

Considering 3 year Savings plan cost:

5 year Cloud cost= $ 53.94547 x 43800 = $2,362,811.59
Total savings over 5 years:  $1,490,899.59
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Figure 7. Savings for Server 1 when using on-premise compared to cloud 3-year plan
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Case 3: Hourly Utilization Threshold
This scenario determines the minimum number of hours per day that a system must be in use for on-
premises infrastructure to become more cost-effective than cloud services over a 5-year period. This will
help the organization evaluate whether their usage levels justify the capital investment in on-prem
infrastructure. For simplicity, this analysis assumes 100% system and GPU utilization  during active hours,
representing a high-demand scenario typical of inference workloads, where GPUs are consistently
engaged. While actual usage may vary, this assumption helps define a clear breakeven threshold and
serves as a reference point for scaling cost comparisons under lower utilization scenarios.

We first calculate the 5-year total cost of running both cloud and on-prem setups continuously (24 hours/day
for 5 years, totaling 43,800 hours). Then, we compute the usage ratio:

Usage Ratio = On-Prem 5-Year Cost / Cloud 5-Year Cost

This ratio reflects the proportion of time at which on-prem and cloud costs are equal. To find the daily
threshold:

Daily Threshold (in hours) = Usage Ratio × 24

Example:

On-Prem 5-Year Cost = $1,000,000
Cloud 5-Year Cost = $4,000,000
Usage Ratio = 1,000,000 / 4,000,000 = 0.25
Daily Threshold = 0.25 × 24 = 6 hours/day

Interpretation: If your system runs more than 6 hours per day on the cloud , it becomes more expensive
than running the same workload on a purchased on-prem server. This analysis is particularly useful for
organizations with regular, moderate workloads that don't run 24/7 but still require predictable and economic
performance.

From the calculations above for Server 1 for hourly cloud costs, we can calculate the Usage Ratio as:

$871, 912 / $4,306,416 = 0.2025  
Daily threshold = usage ratio x 24 = 4.93 ~ 5 hours a day.

Similarly for 1 year and 3-year savings plan:

1 year cloud costs: ($871, 912 / $ 3,391,302.6) x 24 = 6.17 hours a day
3-year costs: ($871, 912/ $ 2,362,811.59) x 24 = 8.86 ~ 9 hours a day

From the above calculations we can infer that as AWS Savings Plans (such as 1-year and 3-year reserved
pricing) offer lower hourly rates compared to on-demand pricing, they raise the hourly utilization threshold
at which on-prem infrastructure becomes more cost-effective. In other words, under discounted cloud
pricing, you must run the system for more hours per day to justify the cost of purchasing on-prem
hardware.

Conclusion
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Conclusion
This analysis highlights a clear distinction between the strategic use cases for cloud and on-premises
infrastructure in the era of Generative AI. Cloud platforms offer unmatched flexibility and scalability, making
them ideal for short-term needs such as model experimentation, fine-tuning, or dynamic workloads.
However, as usage becomes sustained and predictable, cloud costs can grow substantially due to recurring
compute charges, data transfer fees, and storage costs.

In contrast, on-premises deployments require a larger upfront investment but deliver significant long-term
cost savings, especially once capital expenditures are amortized. The concept of a breakeven point is
essential—beyond this threshold, on-prem infrastructure consistently outperforms cloud options in terms of
total cost of ownership.

For organizations considering deployment options, the duration of use is a decisive factor. Short-term
requirements, such as retraining or fine-tuning models, often make cloud services the most practical choice
due to their scalability and agility. Conversely, long-term workloads, such as serving models for inference,
frequently reach a breakeven point where on-premises infrastructure becomes the more cost-effective
option.

Lenovo’s ThinkSystem servers further amplify these benefits with industry-leading performance, reliability,
and energy efficiency. They are purpose-built for enterprise-grade AI workloads and provide a solid
foundation for organizations committed to long-term GenAI initiatives, including large-scale inference and
model serving.

Ultimately, the optimal deployment strategy depends on workload duration, usage intensity, and financial
goals. For organizations anticipating continuous AI operations over multiple years, on-premises
infrastructure emerges as the most cost-effective and sustainable solution.

Appendix
Use the links below to download the supporting documents and spreadsheets for plots, operational and
server cost breakdowns, and a summary of all calculations.

All Plots for Server 2-7: Appendix Plots.docx
Summary for costs: Onprem_calculations.xlsx
Operational (Power + Cooling) calculations for the server: Power_Calculations_Cost_v2.xlsx
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AI Servers
Artificial Intelligence

On-Premise vs Cloud: Generative AI Total Cost of Ownership 13

https://lenovopress.lenovo.com/servers/ai-servers
https://lenovopress.lenovo.com/software/ai


Notices
Lenovo may not offer the products, services, or features discussed in this document in all countries. Consult your
local Lenovo representative for information on the products and services currently available in your area. Any
reference to a Lenovo product, program, or service is not intended to state or imply that only that Lenovo product,
program, or service may be used. Any functionally equivalent product, program, or service that does not infringe any
Lenovo intellectual property right may be used instead. However, it is the user's responsibility to evaluate and verify
the operation of any other product, program, or service. Lenovo may have patents or pending patent applications
covering subject matter described in this document. The furnishing of this document does not give you any license to
these patents. You can send license inquiries, in writing, to:

Lenovo (United States), Inc.
8001 Development Drive
Morrisville, NC 27560
U.S.A.
Attention: Lenovo Director of Licensing

LENOVO PROVIDES THIS PUBLICATION ”AS IS” WITHOUT WARRANTY OF ANY KIND, EITHER EXPRESS OR
IMPLIED, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF NON-INFRINGEMENT,
MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE. Some jurisdictions do not allow disclaimer of
express or implied warranties in certain transactions, therefore, this statement may not apply to you.

This information could include technical inaccuracies or typographical errors. Changes are periodically made to the
information herein; these changes will be incorporated in new editions of the publication. Lenovo may make
improvements and/or changes in the product(s) and/or the program(s) described in this publication at any time
without notice.

The products described in this document are not intended for use in implantation or other life support applications
where malfunction may result in injury or death to persons. The information contained in this document does not
affect or change Lenovo product specifications or warranties. Nothing in this document shall operate as an express or
implied license or indemnity under the intellectual property rights of Lenovo or third parties. All information contained
in this document was obtained in specific environments and is presented as an illustration. The result obtained in
other operating environments may vary. Lenovo may use or distribute any of the information you supply in any way it
believes appropriate without incurring any obligation to you.

Any references in this publication to non-Lenovo Web sites are provided for convenience only and do not in any
manner serve as an endorsement of those Web sites. The materials at those Web sites are not part of the materials
for this Lenovo product, and use of those Web sites is at your own risk. Any performance data contained herein was
determined in a controlled environment. Therefore, the result obtained in other operating environments may vary
significantly. Some measurements may have been made on development-level systems and there is no guarantee
that these measurements will be the same on generally available systems. Furthermore, some measurements may
have been estimated through extrapolation. Actual results may vary. Users of this document should verify the
applicable data for their specific environment.
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Trademarks
Lenovo and the Lenovo logo are trademarks or registered trademarks of Lenovo in the United States, other
countries, or both. A current list of Lenovo trademarks is available on the Web at
https://www.lenovo.com/us/en/legal/copytrade/.

The following terms are trademarks of Lenovo in the United States, other countries, or both:
Lenovo®
ThinkSystem®

The following terms are trademarks of other companies:

Intel® and Xeon® are trademarks of Intel Corporation or its subsidiaries.

Microsoft® and Azure® are trademarks of Microsoft Corporation in the United States, other countries, or
both.

Other company, product, or service names may be trademarks or service marks of others.
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