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1.Executive Summary 
As part of the NSF-funded "Extending the Productive Life of Scientific Computing Equipment" project, Prof. 
Andrew Chien and Dr. Hakizumwami Birali Runesha conducted a survey of members of the Coalition for 
Academic Scientific Computation (CASC) about their experience and plans for decommissioning scientific 

1 



computing equipment (SCE).  The survey was introduced at CASC’s April 1, 2020 virtual meeting, attended by 
an estimated 88 members.  Twenty-two (22) responses were received -- a 25% response rate.  

Several important conclusions can be drawn from the survey: 
● The amount of decommissioned SCE is large and growing.  

○ Equipment decommissioned in 2017-2019 has aggregate compute power comparable to a 
system in the Top 500 worldwide (roughly #490 on the June 2019 list). 

○ Equipment planned for decommission in 2020-23 has aggregate compute power comparable to 
a system near the top of the Top 500 worldwide (9 petaflops, roughly #25 on the June 2019 list). 

● Roughly 90% of equipment to be decommissioned was or would be disposed of in a way that ends its 
scientific life, rather than being used in any scientifically productive way. 

● On average, the NSF funds only 30% of this equipment at respondent institutions, while the institutions 
themselves fund 60%.  Both the institutions and government funders should want to get more value 
from their investments.  

● Local limits  -- for example on data center space or power, or the availability or cost of warranty support 
--  drive most decommissioning.  

● There was universal interest in extending the productive lifetime of this equipment.  Respondents 
identified a number of concerns about extended operation, primarily around its cost and environmental 
impact. 

This survey documents the need for good alternatives to decommissioning and characterizes requirements for 
good options: 

● Continue to provide computing services that advance scientific inquiry, 
● Meet the real financial constraints around keeping the SCE operational, 
● Have minimal negative environmental impact (i.e. they do not create e-waste or increase carbon 

emissions). 

The survey confirms the value of exploring new mechanisms for extending the productive lifetime of scientific 
computing equipment. 

2.Introduction 
The National Science Foundation (NSF) has funded a project called "Extending the Productive Life of Scientific 
Computing Equipment" , which seeks to develop cost-effective, and environmentally responsible, ways to 1

extend the productive lifetimes of scientific computing equipment (SCE) now in service at research institutions 
across the US.  

As part of this project, project leaders Prof. Andrew Chien and Prof. Hakizumwami Birali Runesha had the 
opportunity, at the April 1, 2020 meeting of the Coalition for Advanced Scientific Computing (CASC) , to 2

describe the Life Extension project and ask attendees to complete a questionnaire about their experience and 
plans for decommissioning SCE.  As of May 27, 2020, CASC represented 93 facilities across the US, including 
institutional hosts of NSF-funded advanced computing systems, institutions with significant SCE investments, 
as well as several Department of Energy facilities that host significant DoE leadership class supercomputers.  

1 https://www.nsf.gov/awardsearch/showAward?AWD_ID=2019506 
2 www.casc.org 
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An estimated 88 CASC members were represented at the April 1 meeting.  Twenty-eight responses were 
received, of which six were incomplete and have been ignored.  Twenty-two (22) complete and partial 
questionnaire responses were received -- a 25% response rate.  Of those 22 respondents, seventeen (17) 
were complete, and five (5) were partially completed.  Of the complete responses, 11 respondents provided 
their email address to enable follow-up discussion, and six (6) of those were interviewed.  

This document presents an analysis of the responses to the questionnaire, summarizes the six follow-up 
interviews and offers some preliminary conclusions. 

3.Analysis of Survey Results 
a. Format of the Survey 

The survey was structured as an online questionnaire, implemented on the SurveyMonkey platform.  The 
questions asked in the survey are presented in the Appendix: CASC Questionnaire. 

A web address for the questionnaire was provided during the April 1 presentation.  Since the questionnaire 
asked specific questions about the amount of equipment that might have been decommissioned in the past, 
and/or the amount that might be decommissioned in the future, the questionnaire allowed respondents to leave 
the questionnaire and restart their response, which may have created incomplete responses. 

The survey also allowed questions to be skipped to make it easier to complete.  This led to partial completion 
of some questionnaires. 

b. Response Rate 
A total of 28 responses were received.  Of these, six (6) were incomplete (only one or two questions were 
answered), so these responses have been excluded from the analysis, leaving 22, for a 25% response rate 
(based on our understanding that 88 people attended the April 1 presentation). 

As can be seen in the Appendix where the full questionnaire is included, there are 3 main sections in the 
questionnaire: 

1. Past decommissioning 
2. Future decommissioning 
3. Reasons for decommissioning and interest in extending equipment lifetime. 

Seventeen (17) respondents provided answers to most of the questions in all sections -- these are labelled as 
“complete” responses in this analysis.  Five (5) respondents provided answers just in the first two sections -- 
these are labelled as “partial” responses. 

Of the 22 partial and complete responses, 10 were submitted on April 1, with the rest submitted between April 
7 and May 12, 2020. (The organizers sent out a reminder to complete the survey on April 7.) 
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c. Experience Reported with Decommissioning in the last 3 years 
(2017-2019) 

Of the 22 complete and partial responses, 18 (82%) reported decommissioning some SCE between 2017 and 
2019.  The high percentage suggests that decommissioning, and ways to improve that decommissioning 
process, are already issues that affect most institutions that operate SCE. 

Of the 18 reporting earlier decommissioning, 16 (or 89%) reported that they had “destroyed/recycled” or resold 
the equipment, or disposed of it through a surplus process.  That is, almost 9 out of 10 respondents missed 
opportunities to extend the scientifically productive use of this equipment. 

Table 1 and Figure 1 detail how these 18 respondents disposed of this equipment: 

Table 1: Reported Disposition of Decommissioned Equipment in the Past 

Historical Disposition 
Scientifically 
Productive? Responses % of total 

Destroy/Recycle No 11 61% 

Handle through a surplus process (university department 
responsible for this, or a state-mandated process) 

No 3 17% 

Resell No 1 5% 

Combination of resell or recycle No 1 5% 

Subtotal (Not Scientifically Productive)   16 89% 

Reuse by faculty Yes 1 5% 

“sandbox, skunkworks, spare parts then recycle” Yes 1 5% 

Subtotal (Scientifically Productive)   2 11% 

Total   18 100% 
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Figure 1: Reported Disposition of Decommissioned Equipment (2017-2019) (weighted by respondent) 

 

d. Description of Decommissioned Equipment  
18 respondents reported decommissioning equipment between 2017 and 2019, and each of them detailed 
significant amounts of scientific computing equipment being decommissioned.   If the total amount of 
equipment decommissioned in this period were to be evenly divided among the 18 respondents, and 
configured as a single system operated by each institution, each of those systems would offer ~100 Tflops/s of 
peak computing power and over 1 PB of storage.  In 2012 (the commissioning date for the decommissioned 
equipment assumed for this compute capacity analysis) each of those systems might have qualified to be listed 
in the Top 500 listings of that year. 

Compute (CPU): All 18 respondents decommissioned CPU Nodes/Servers, in groups ranging from small 
systems (between 1 and 16 servers) to very large (more than 1,024 servers), with a broad distribution of 
system sizes in between (see Figure 2).  Aggregating system sizes (and conservatively estimating the average 
within each size range), over 8,300 nodes were reported decommissioned -- an average of roughly 460 nodes 
per respondent.  

If one assumes these nodes were originally commissioned about 2012, a common node type at the time was 
the Intel Xeon E5-2670, with 8 cores delivering roughly 20 Gflops/s in “peak” compute capacity.  8,300 nodes 
configured with these cores would have delivered total CPU-based compute capacity of approximately 1.3 
Pflops/s. 
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Figure 2: Decommissioned CPU Nodes/Servers and GPUs Reported by Size Range 

 

Compute (GPU): 16 out of 18 respondents decommissioned GPUs, ranging from small groupings (between 1 
and 16 GPUs) to modest groupings (129 to 256 GPUs), with 9 reporting decommissioning in the smallest 
range (see Figure 2).  Aggregating group sizes (and conservatively estimating the average within each size 
range), roughly 450 GPUs were reported decommissioned -- an average of roughly 25 GPUs per respondent. 

If one assumes these accelerators were originally commissioned about 2012, a common accelerator node type 
at the time was the Intel Xeon Phi 5110, delivering roughly 1 Tflops/s in “peak” compute capacity.  450 GPUs 
would have delivered total GPU-based compute capacity of approximately 450 Tflops/s. 

The estimated combined CPU and GPU compute capacity (“R peak”, as defined by Top500.org)  for the 
aggregate SCE decommissioned in 2017-2019 would have been roughly 1.85 Pflops/s.  Such a system would 
have been included in the Top 500 Ranking of JUne 2019, albeit near the bottom of the listing (near #490). 

Storage: All 18 respondents decommissioned storage systems, ranging from small clusters (up to 256 TB) to 
very large (over 4 PB), with a broad distribution of sizes in between (see Figure 3).  Aggregating system sizes 
(and estimating averages within each size range), almost 25 PB of storage was reported decommissioned -- 
an average of almost 1.4 PB per decommissioned system. 
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Figure 3: Decommissioned Storage, Reported by Capacity Range 

Other equipment: 4 out of 18 respondents also reported decommissioning a variety of networking equipment 
(Infiniband switches, Gigabit ethernet switches, data transfer gateways). 

For each respondent, the estimated compute capacity represented by the decommissioned CPU nodes and 
GPUs can be correlated with the total storage capacity decommissioned.  Figure 4 plots the respective 
compute and storage amounts for each respondent.  Note that there is a modestly bimodal distribution of 
compute capacity: 4 of the 18 (22%) decommissioned relatively large amounts of equipment (double the 
average in terms of compute capacity). 

Figure 4: Compute and Storage Decommissioned (by Respondent) 

Despite the wide range of equipment sizes decommissioned, the distribution of different methods of 
decommissioning was consistent with the distribution found on a “per respondent” basis.  Table 2 shows the 
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distribution of decommissioning methods weighted by respondent and by total compute capacity (in Tflops/s), 
and Figure 5 presents this information graphically. 

Table 2: Comparing Past Equipment Disposition, Weighted by Respondents and by Compute Capacity 

Historical Disposition Respondents % of Total 
Compute Capacity 

(Tflops/s) % of Total 

Destroy/Recycle 11 61% 1,063,040 59% 

Recycle/Resell 1 6% 93,440 5% 

Resell 1 6% 37,120 2% 

Surplus 3 17% 312,640 17% 

Subtotal - Not scientifically productive 16 89% 1,506,240 84% 

"sandbox, skunkworks, spare parts then recycle" 1 6% 212,800 12% 

"Some reuse by faculty" 1 6% 69,440 4% 

Subtotal - Scientifically productive 2 11% 282,240 16% 

Grand Total 18 100% 1,788,480 100% 

  

 

Figure 5: Comparing Past Equipment Disposition Weighted by Respondents and by Compute Capacity 
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e. Reported Plans for Equipment Decommissioning in the Future 
(2020-2023) 

Of the 22 complete and partial responses, 20 (91%) reported that they were likely to decommission SCE in the 
period 2020-2023.  The high percentage confirms that decommissioning, and ways to improve that 
decommissioning process, are a growing concern for most institutions that operate SCE. 

Seventeen respondents (85% of the 20) indicated that equipment would be destroyed, recycled, resold, or 
disposed of through a surplus process.  would be used -- again suggesting that scientifically productive 
alternatives could be beneficial in many cases.  This is slightly worse than the 89% of respondents behaving 
similarly in the past. 

Table 3 and Figure 6 detail how these 20 respondents plan to dispose of this equipment: 

 

Table 3: Planned Disposition of Equipment to be Decommissioned in the Future 

Planned Disposition 
Scientifically 
Productive? Responses % of total 

Destroy/Recycle No 10 50% 

Handle through a surplus process (university department 
responsible for this, or a state-mandated process) 

No 2 10% 

Resell No 3 15% 

Combination of resell or recycle No 1 5% 

“some trade-in, some state mandated surplus” No 1 5% 

Subtotal (Not Scientifically Productive)   17 85% 

“Integrate in our OpenStack cloud” Yes 1 5% 

“sandbox, skunkworks, spare parts then recycle” Yes 1 5% 

“surplus and give away to research groups” Yes 1 5% 

Subtotal (Scientifically Productive)   3 15% 

Total   20 100% 
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Figure 6: Planned Disposition of Equipment to be Decommissioned in the Future (weighted by 
respondents) 

 

f. Description of Equipment Planned for Future Decommissioning 
20 respondents reported plans to decommission equipment between 2020 and 2023, and, as with the historical 
experience, each intends to decommission significant amounts of equipment.   If the total amount of equipment 
decommissioned in this period were to be evenly divided among the 20 respondents, and configured as a 
single system operated by each institution, each of those systems would offer ~590 Tflops/s of peak computing 
power and almost 1.5 PB of storage.  In 2016 (the commissioning date for the decommissioned equipment 
assumed for this compute capacity analysis) each of those systems might have qualified to be listed in the Top 
500 listings of that year. 

Compute (CPU): 19  of the 20 respondents plan to decommission CPU Nodes/Servers, in groups ranging from 3

medium-sized systems (between 17 and 128 servers) to very large (more than 1,024 servers) (see Figure 7). 
Although the distribution across system sizes is broad, the very large size systems were reported by the most 
respondents (6) of all the size ranges. Aggregating system sizes (and conservatively estimating averages 
within each size range), roughly 12,300 servers are planned for decommissioning -- an average of roughly 650 
nodes per respondent. This represents a 40% increase in the quantity of CPU nodes per institution over the 
historical amount. 

If one assumes these nodes were originally commissioned about 2016, typical peak compute capacity for 
newly installed systems was roughly 500 Gflops/s per node (based on a range of Intel Broadwell and Haswell 
CPU types and core counts).   12,300 nodes of such “average” CPUs would have delivered total CPU-based 
compute capacity of almost 6.2 Pflops/s. 

3 One respondent failed to answer this question, although a follow-up interview confirmed that, for this institution, CPU 
nodes/servers are in fact slated for decommissioning.  Since the follow-up interview was conducted with a different 
individual than the survey respondent, we have not “filled in” the missing data. 
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Figure 7: CPU Nodes/Servers and GPUs Planned for Decommissioning, by Size Range 

Compute (GPU): All of the 20 respondents decommissioned GPUs, ranging from small groupings (between 1 
and 16 GPUs) to very large groupings (over 1,024 GPUs), with 12 planning decommissioning in the 
medium-sized (17-128 GPU) range (see Figure 7).  Aggregating group sizes (and conservatively estimating 
averages within each size range), roughly 3,700 GPUs are planned for decommissioning -- an average of 
roughly 180 GPUs per respondent.  This represents a 640% increase in the quantity of GPUs to be 
decommissioned over the historical amount. 

If one assumes these accelerators were originally commissioned about 2016, a common accelerator type at 
the time was the Nvidia K40, delivering roughly 1.4 Tflops/s in “peak” compute capacity (double precision). 
3,700 GPUs would have delivered total GPU-based compute capacity of almost 5.4 Pflops/s. 

The estimated combined CPU and GPU compute capacity (“R peak”) for the average system planned for 
decommissioning from 2020-2023 would be roughly 11.5 Pflops/s.  Such a system would have been listed near 
the top of the Top 500 Ranking of June 2019 (roughly #25). 

Storage: 19 respondents plan to decommission storage systems, ranging from small clusters (up to 256 TB) to 
very large (over 4 PB), with 7 respondents reporting storage of 257-1024 TB, and 9 respondents reporting 
storage of 1-4 PB to be decommissioned (see Figure 8).  Aggregating system sizes (and conservatively 
estimating averages within each size range), roughly 27 PB of storage was reported decommissioned -- again 
an average of just over 1.4 PB per decommissioned system.  This amount is only 4% more than the historical 
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amount -- effectively unchanged given the fact that these figures rely on estimates with possible errors of more 
than 4%. 

 

Figure 8: Storage Planned for Decommissioning, Reported by Range of Total Storage 

Other equipment: 4 respondents also reported decommissioning a variety of networking equipment (Infiniband 
switches, Gigabit ethernet switches, data transfer gateways). 

For each respondent, the estimated compute capacity represented by the CPU nodes and GPUs to be 
decommissioned can be compared to the total storage capacity to be decommissioned.  Figure 9 plots the 
respective compute and storage amounts for each respondent.  Six respondents (30% of the 20) plan to 
decommission equipment with total capacity greater than the average (based on the average compute capacity 
of 590 Tflops/s).  Separately there is a distinct bimodal distribution of computing equipment targeted for 
decommissioning, based on compute capacity, with 3 respondents (15%) are planning to decommission 
equipment above 1.7 Pflops/s in total compute capacity, and the balance (85%) of equipment falling below in 
0.750 Pflop/s. 
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Figure 9: Compute and Storage Planned for Decommissioning by Each Respondent 

 

Despite the wide range of equipment sizes decommissioned, the distribution of different methods of 
decommissioning was consistent with the distribution found on a “per respondent” basis.  Table 4 shows the 
distribution of decommissioning methods weighted by respondent and by total compute capacity (in Tflops/s), 
and Figure 10 presents this information graphically. 

Table 4: Comparing Planned Equipment Disposition, Weighted by Respondents and by Compute 
Capacity 

Planned Disposition Respondents % of Total 
Compute Capacity 

(Tflops/s) % of Total 

Destroy/Recycle 10 50% 6,122,080 53% 

Recycle/Resell 1 5% 141,760 1% 

Resell 3 15% 2,735,600 24% 

"some trade-in, some surplus" 1 5% 685,760 6% 

Surplus 2 10% 793,200 7% 

Subtotal - Not scientifically productive 17 85% 10,478,400 91% 

"Integrate in our OpenStack cloud" 1 5% 429,760 4% 

"sandbox, skunkworks, spare parts then recycle" 1 5% 203,440 2% 

"surplus and give away to research groups" 1 5% 429,760 4% 

Subtotal - Scientifically productive 3 15% 1,062,960 9% 

Grand Total 20 100% 11,541,360 100% 
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Figure 10: Comparing Past Equipment Disposition, Weighted by Respondents and by Compute 
Capacity 

 

While this survey provides data on only two periods of time, Figure 11 compares the total amount of equipment 
(CPU nodes, GPUs and storage capacity) being decommissioned in each of these periods.  

 
Decommissioning SCE 2017-2023: CASC Survey Results (Runesha, Dietrich and Chien) 14 



 

Figure 11: Trends of Decommissioned Compute and Storage Equipment 

Comparing historical and planned decommissioning, decommissioned CPU nodes are expected to grow by 
48% (a compound annual growth rate of 12%, counting the 3.5  years between the two periods), while 
decommissioned GPUs are expected to grow by a factor of over 8x (over 80% CAGR).  By contrast 
decommissioned storage capacity is essentially unchanged over this interval. 
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Figure 12 presents the same information, with CPU and GPU compute amounts converted to a Tflops/s basis. 

 

Figure 12: Trends of Decommissioned Compute and Storage Capacity 

Comparing historical and planned decommissioning, CPU compute capacity is expected to grow by a factor of 
almost 5x (CAGR of 55%), while GPU compute capacity is expected to grow by a factor of almost 12x (100% 
CAGR). 

In general, the documented changes in decommissioning appears consistent with price-performance of 
computing equipment.  This is consistent with a roughly constant financial investment in new scientific 
computing equipment.  However recent technology trends suggest heavier, hotter and more power-intensive 
equipment per dollar.  Examples include GPUs, liquid-cooling, and hotter data centre environments.  These 
trends would create greater stress on local university infrastructures, increasing local costs or shortening 
equipment lifetimes as they create greater pressure on local datacenter capacities. 

g. Reasons for Decommissioning 
Seventeen (17) respondents identified their key reasons for decommissioning.  Three possible reasons were 
suggested in the questionnaire (space limits, power limits, no longer scientifically useful), and respondents 
were also given the opportunity to describe “other” reasons.  
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All of the 17 respondents provided reason(s); they chose one or more of the suggested reasons or supplied 
their own.  The survey results suggest either a broad range of reasons (diversity of circumstances) or a lack of 
clarity by the respondents on the underlying reasons motivating institutions to decommission SCE. 

● Eight (8) respondents (47%) chose none of the suggested reasons and instead wrote in their own 
reasons  

● Three (3) respondents chose at least one suggested reason and added further reasons  
● Six (6) respondents chose only from the suggested reasons. 

Nine respondents indicated only one reason, while three respondents mentioned three or more reasons. 

Although the survey identified a wide range of motives for decommissioning, no single reason, or even a set of 
related reasons, were mentioned by a majority of respondents. Table 5 summarizes the different reasons 
mentioned.  

Table 5: Reasons for Decommissioning 

Suggested Reason 

Number of 

Respondents 

Mentioning 

% of 17 

Complete 

Responses 

Space Limits* 5 29% 

Power Limits* 4 24% 

No longer scientifically useful* (“NLSU”) 3 18% 

Other reasons mentioned: 

Warranty/support ("end of warranty", "unsupported by supplier", "out of warranty", "support ran out", 
"maintenance cost/effort") 

5 29% 

Energy efficiency ("no longer electrically efficient", "less power efficient", "less efficient") 4 24% 

End of life ("EOL", "We try to adhere to a 5 year useful lifetime for each piece of hardware", "over 6 years 
old and need to refresh") 

3 18% 

Reliability 2 12% 

Software Availability 1 6% 

Security 1 6% 

Cost efficiency: "you can get the same amount of compute power with less modern hardware" 1 6% 

“Transition to new datacenter” 1 6% 

* Reasons suggested in questionnaire 

More frequent reasons included:  

● “Space limitations” (a suggested reason, 5 respondents), 
●  “the lack of, or cost of, warranty or support services for the equipment” (a “write-in” reason, 5 

respondents), 
● “power limitations in the data center” (a suggested reason, 4 respondents),  
● “energy efficiency of the equipment being decommissioned” (a “write-in” reason, 4 respondents). 
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“No longer scientifically useful” (a suggested reason) and “end of life” (a “write-in” reason) were both 
mentioned 3 times.  These are related concepts, so, together, this perception that the equipment was no longer 
useful is the most commonly mentioned reason, with six (6) mentions collectively.  This perception may be 
rational (one respondent stated: “you can get the same amount of compute power with less modern hardware") 
or arbitrary (the equipment is older than an arbitrary age).  

Many of the reasons for decommissioning listed in Table 5 are related.  For example “end of life” may be 
related to “no longer scientifically useful” (as mentioned above) as well as to “cost efficiency” and “energy 
efficiency”.  Table 6 identifies the pairs of reasons that respondents mentioned together.  For example, the 
cells in Table 6 marked (a) show that one respondent mentioned both Cost Efficiency and End of Life as 
reasons for decommissioning.  The cells marked (b) show that this same respondent also mentioned “Energy 
Efficiency” as a reason for decommissioning. 

Table 6 shows that respondents who were concerned about equipment age were not concerned by a 
conceptually-related concern, the lack of, or high cost of, warranty support for that equipment.  Difficulty 
arranging for warrant support would suggest that the equipment was nearing the end of its economically useful 
life, but this relationship was not reflected by respondents in their answers to this question.  The separation of 
these concepts is shown by the fact that there are zero mentions of the two reasons in the cells marked (c). 
By contrast, “power limits” and “energy efficiency” are related conceptually, and both were mentioned by two 
respondents (see cells marked (d) in Table 5) as reasons for decommissioning.  

Table 6: Number of Respondents Mentioning Two Reasons for Decommissioning 

 
Space 
Limits 

Warranty/ 
support 

Power 
Limits 

Energy 
efficiency NLSU EOL 

Cost 
efficiency Reliability 

Software 
Availability Security 

New data 
center 

Space 
Limits 5 1 1  1       

Warranty/ 
support 1 5 2 2 (c) (c) (c) 1    

Power 
Limits 1 2 4 2 (d) 1   1    

Energy 
efficiency  2 2 (d) 4  1 (b) 1 1  1  

NLSU 1 (c) 1  3       

EOL  (c)  1 (b)  3 1 (a)     

Cost 
efficiency  (c)  1  1 (a) 1     

Reliability  1 1 1    2 1   

Software 
Availability        1 1   

Security    1      1  

New data 
center           1 
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h. Interest in extending equipment lifetime 
All of the 17 respondents that completed the questionnaire expressed interest in extending equipment lifetime. 
Eleven (65%) answered “Yes”, while six (35%) answered “Maybe.” Given that survey respondents chose to 
complete the survey (i.e. they self-selected), this high level of interest should be expected. 

Of the six who responded “maybe”, four said their interest depended on financial details (“cost”, “economics”, 
“TCO”, “budget”).  One of those four also wondered about “possible solutions to data transfer challenges”.  

i. Concerns about extending equipment lifetimes 
The 17 respondents providing complete responses identified obstacles or concerns that might exist in 
connection with extending equipment lifetimes.  Five possible concerns were suggested in the questionnaire 
(see the first 5 concerns in Table 7), and respondents were also given the opportunity to describe “other” 
concerns.  

All of the 17 respondents chose one or more of the suggested concerns or supplied their own.  The concerns 
suggested in the survey captured the concerns held by respondents: 

● Thirteen (13) respondents chose only from the suggested reasons 
○ All of those chose the “Cost of Operation” suggested concern, and six of the thirteen also chose 

one or more additional concerns from the suggested list. 
● Two (2) respondents chose at least one suggested reason as well as providing additional reasons,  
● Two (2) respondents chose none of the suggested reasons and provided their own reasons.  

Seven respondents indicated only one reason, while two respondents mentioned three or more reasons. 

Overwhelmingly, the suggested concern “Cost of Operation” was the predominant concern, selected by fifteen 
of the respondents (88%).  A distant, secondary concern was the suggested “carbon impact of operation,” 
selected by four respondents (24%).  

Table 7 summarizes the frequency with which the suggested concerns and “write in” concerns were selected 
by respondents. 

Table 7: Institutional Concerns about Extended Equipment Lifetime 

Suggested Concern 
Number of Respondents Mentioning % of 17 Complete Responses 

Cost of Operation (e.g. IT, maintenance, etc.)* 15 88% 

Carbon Impact of Operation* 4 24% 

Data Privacy* 3 18% 

Transfer of ownership* 2 12% 

Transfer across state boundaries* 1 6% 
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Other Concerns Mentioned   

External funding 1 6% 

reliability 1 6% 

security 1 6% 

risk mgmt 1 6% 

compatibility with other equipment 1 6% 

cost efficiency 1 6% 

space limits 1 6% 

* Concerns suggested in questionnaire 

None of the specific concerns that were mentioned as “other” concerns (listed as “Other Concerns Mentioned” 
in Table 7) were mentioned by more than one respondent.  Several of these were similar to reasons for 
decommissioning (reliability, security, cost efficiency, space limits) addressed in an earlier question.  With only 
one exception , all of these reasons had already been mentioned by the same respondent as a reason for 4

decommissioning. 

j. Sources of Financial Support for Respondent’s Equipment 
The 17 respondents providing complete responses estimated the sources of financial support for their 
computing equipment on an overall basis.  Many combinations of sources and percentages were reported 
across the 17 respondents.  Table 8 and Figure 13 illustrate the role of different funding sources in funding 
SCE. 

Table 8: Role of Different Funding Sources in Funding SCE 

 

Respondents Receiving 

Any Funding From This 

Source 

Average proportion 

provided when providing 

any support 

Maximum proportion 

provided when 

providing any support 

Average across full 

sample (counting 0% 

when not involved) 

NSF 71% 40% 80% 28% 

NIH 47% 14% 25% 6% 

Other Federal 29% 7% 10% 2% 

My State 12% 16% 20% 2% 

My Institution 88% 63% 100% 55% 

 

Overall the primary funding source for the purchase of scientific computing equipment was the institution itself. 
NSF was reported to provide funding for SCE at most (71%) of the institutions and, on average, provided 30% 
of the funding when averaged across all respondents.  Other sources (such as the National Institutes of Health 
(NIH) and the institution’s state government) were reported to provide funding for SCE by less than 50% of the 

4 The one exception was one respondent who was concerned about cost efficiency (“As equipment ages ... the fraction of 
computing speed vs new hardware decreases”), but had not mentioned this as a reason for decommissioning. 
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respondents, and on average provided less than 10% of funding when averaged across all respondents.  Other 
funding sources mentioned include the US Department of Defense, US Department of Energy, Howard 
Hughes Medical Institute, Sloan Cancer Research Institute and NASA. 

 

Figure 13: Role of Different Funding Sources in Funding SCE 

Although the combinations of funding reported by each respondent vary widely, Figure 14 illustrates, on 
average, how overall funding is contributed by these different sources, with 59% coming from the institution 
itself, only 30% from the NSF, and the balance (11%) funded by varied sources including the NIH and state 
governments.  
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Figure 14: Average Funding Provided by Different Sources 

The large role played by each institution in the funding of scientific computing equipment highlights the stake 
they have in maximizing the scientific return on these investments.  Opportunities for extending the productive 
lifetime of this equipment should be very interesting to these institutions. 

4.Additional Insights into Decommissioning Provided 
During Follow-up Interviews 

Eleven (11) respondents provided contact details to enable follow-up interviews, and six (6) interviews were 
conducted.  

a. Reasons for Decommissioning 
Data Center Limits: Most interviewees described their research data centers as being at capacity (limited by 
either space or power), and indicated that their plans for decommissioning were triggered by those limits, 
rather than any preconceived notion of equipment lifetimes.  By contrast, one institution was decommissioning 
almost all of the SCE in an older data center, and will replace that capacity with new SCE installed in a 
dedicated section in a commercial data center,  

Run SCE Until it Dies or Until We Can’t host it anymore: All of those interviewed described their efforts to 
maximize the use of whatever SCE they had. Their plans for decommissioning related to equipment that was 
7-10 years old, but there was no suggestion that the SCE slated for decommissioning had a fixed lifespan (e.g. 
5 years) or might lose its scientific utility .  Lapsing warranties were identified as a concern triggering 5

decommissioning but primarily in connection with storage systems. A few interviewees indicated that they were 

5 Only one interviewee indicated that their institution had enough compute capacity to satisfy campus demand, 
while others reported constraints and shortages. 
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prepared to allow compute equipment to run until it failed, disabling unreliable nodes or servers rather than 
decommissioning an entire system.  

b. Concerns Regarding Extending Equipment Lifetime 
Those respondents that were open to a follow-up interview were interested in learning more about how this 
might be accomplished, and those discussions identified a number of factors that would have to be addressed 
in connection with extending equipment lifetimes.  In particular, all of those interviewed had identified “cost of 
operation” in the questionnaire as a key concern in this regard. 

Financial Constraints and a Search for Cost Effective Solutions: All of the respondents interviewed 
described current or expected financial and budget challenges at their institutions, heightened by the 
COVID-19 pandemic.   In this context, all the interviewees described a general focus on reducing costs and 
improving effectiveness. While a few were responsible for budgets that included the power and “space” costs 
for research computing (for example amortization of earlier investments in data centers), for some these costs 
were carried by other departments (e.g. power costs by enterprise computing, no financial accounting for prior 
infrastructure investments).  Regardless of whose “budget” costs might sit in, all the interviewees felt 
responsible for finding the best overall solutions for their institutions. 

Power Costs: Older SCE is less energy efficient, so the interviewees were interested in lower power cost 
options to support continued operations.  They reported consistent costs per kilowatt-hour -- ranging between 
7-10 cents/ kWh, except for one major metropolitan area where power cost roughly 16 cents/ kWh.  (This high 
cost had prompted this institution to develop a suburban facility to reduce power costs down to 8 cents/ kWh.) 

Space Costs: Several respondents noted that, while space limits were a significant reason for 
decommissioning, expanding data center facilities was perceived as prohibitively expensive. One interviewee 
mentioned a capital investment on the order of $50,000 per rack, including all power, cooling and network 
infrastructure.  Another interviewee described his/her institution’s new commercial hosting arrangements as 
costing roughly $125,000 per year per rack. 

Environmental Consciousness: Although current financial challenges were reducing the urgency of “green” 
initiatives and commitments, these commitments were still in place, so interviewees indicated that 
environmental aspects would still have to be addressed, especially given the lower energy efficiency of the 
older equipment.  

c. Concerns Regarding Scenarios involving Relocation and Remote 
Operation 

Relocation and/or Resale: Interviewees noted that public institutions, or institutions receiving state funding, 
for their SCE investments would be limited in their ability to transfer ownership of any SCE as part of a lifetime 
extension activity.  Such transfers would also affect access to software licensed by the institution for use on its 
equipment.  At the same time, no interviewees were aware of any limitations on the physical relocation of this 
equipment, for example moving out of state. 
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Power Density and Cooling That Would Be Required in the New Location: Most interviewees reported 
rack power densities on the order of 15-25 kW today, moving in the near term to more than 40 kW/rack.  Air 
cooling was used by half the interviewees, liquid cooling (rear door heat exchangers) by the other half.  

Skills Required for Remote Operation: Several of the interviewees were currently operating SCE remotely 
and reported that they or colleagues had the skills and training to manage this effectively.  Protocols from 
Open Science Grid (OSG) were mentioned by two interviewees as possible mechanisms for this.  At the same 
time, several concerns around remote operation were noted: 

● Data intensity: Transferring large datasets required for remote analysis might create delays, inefficiency 
in scheduling or other friction for remote operation. 

● Network security: Depending on the nature of the research application, data transfer might require a 
virtual private network (VPN) or comparably secure communications channel. 

● Remote security: Institutional assets located remotely might require separate physical security (e.g. 
locked cages). 

● Physical access limitations: One interviewee was hesitant to give staff at a remote facility physical 
access to institutional assets, indicating that appropriate research computing staff must retain this 
responsibility.  

Personnel Constraints: Despite some experience with remote operations, most interviewees were concerned 
about any initiatives that would create new demands on existing “research computing” personnel.  One 
interviewee indicated that their department already had a 1 to 1.5 year backlog of projects to work on. 

Other Trends Affecting Scenarios involving Relocation:  Although not mentioned by interviewees, it is 
important to note a growing trend that will affect future scenarios: advanced computing (including scientific 
computing) is increasing in density across several dimensions: 

● Power per rack: current power density falls in the 40-65 kW/rack, and will move close to 100 kW/rack 
as GPUs become more prevalent. 

● Cooling requirements: Requirements for increased power per rack will be matched by increased 
amounts of heat that will need to be removed from that rack.  The current 50/50 air/liquid cooling mix 
will move more toward liquid, moving past rear-door heat exchangers to direct liquid to chip (DLC) 
cooling. 

● Physical floor weight capacities: rack physical density is increasing with power density.   This can 
require new hosting to not use raised floors, to be located at grade level (to avoid elevators), and to be 
built on concrete slab (for both weight-bearing capacity and water resistance). 

 

5.Conclusion 
This survey of CASC members gathered significant and representative information about their experience, 
plans, attitudes and motivations in connection with the decommissioning of scientific computing equipment 
(SCE).   It highlights a clear lack of good transition options for this equipment.  Options are needed that: 

● Continue to provide computing services that advance scientific inquiry, 
● Meet the real financial constraints around keeping the SCE operational, 
● Have minimal negative environmental impact (don’t create e-waste, don’t increase carbon emissions). 
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In short, this survey demonstrates the need and opportunity for lifecycle extension for SCE. 

The survey received a 25% response rate, suggesting that it is representative of the experience of most of 
CASC’s 88 members.  However, the survey completion was also voluntary, so perhaps only half of CASC’s 
members have experience with or concerns about SCE decommissioning. 

The amount of SCE reported as being decommissioned, both historically (2017-2019) and prospectively 
(2020-2023) is significant, and the amount of equipment being decommissioned is growing.  

● Reported decommissioned CPU nodes are expected to grow from over 8,000 historically to over 12,000 
in the next few years -- a 50% increase, although only a 12% compound annual growth rate when 
considering the time periods involved.  Based on estimated aggregate computing capacity, 
decommissioned CPU Pflops/s grow from 1.3 PF to 6.2 PF, an almost 5x increase (55% CAGR) 

● Decommissioned GPUs grow from 450 to almost 3,800 -- an 8x increase (82% CAGR).  Based on 
estimated aggregate computing capacity, decommissioned GPU Pflops/s grow from 0.5 PF to 5.3 PF -- 
a 12x increase (100% CAGR). 

● The amount of decommissioned storage equipment is also large (approximately 25 Petabytes worth of 
aggregate storage capacity in both periods) but is not reported to be growing significantly.  

In aggregate, decommissioned equipment is comparable to the largest scientific computing systems in the 
world.  Based on estimated total compute capacity, historically decommissioned equipment would rank at 
roughly #490 on the June 2019 Top500 list.  Planned decommissioned equipment would rank at roughly #25 
on the same list. 

Despite the quantity of equipment being decommissioned, the vast majority (85-90%) was decommissioned, or 
was planned to be decommissioned, in ways that did not allow the equipment to continue to be scientifically 
productive.  Disposition methods included destruction, recycling, resale, and use of surplus processes.  

The total investment in SCE at the respondents’ institutions is more than three (3) times larger than NSF 
contributions.  Institutional investment in this equipment accounts for the largest share of SCE funding (almost 
60%).  

● Combined with separate analysis  of NSF funding of scientific computing equipment over the period 6

2013-2019, which estimated the NSF’s total investment in SCE at $79 million per year, this suggests 
US Universities’ investment in scientific computing equipment of $260 million per year.  

The survey identified a wide range of motives for decommissioning, but no single reason, or even a set of 
related reasons, were mentioned by a majority of respondents. Several reasons were mentioned multiple 
times: space limits, warranty costs, power limits, energy efficiency, no longer scientifically useful, end of life. 
The range of answers to this question suggests that reasons for decommissioning are complex and perhaps 
not well understood by the respondents. Many interrelated reasons were mentioned, but none were dominant. 

● Follow-up interviews presented a more focussed situation, with interviewees working to run their SCE 
for as long as they could, subject to space and power limitations of their current data centers.  For 

6 TR-2020-04: “Analysis of US National Science Foundation Awards for Scientific Computing Equipment (SCE), 2013-19” 
 https://newtraell.cs.uchicago.edu/research/publications/techreports/TR-2020-04 
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interviewees, warranty costs, energy efficiency, or a lack of scientific utility were not reasons for 
decommissioning. 

Although not directly addressed by the survey, technology trends toward heavier, hotter and more 
power-intensive equipment may increase local costs or capacity pressures, shortening lifetimes. 

All the respondents expressed interest in new approaches to extending the productive life of this equipment, 
subject to understanding the costs of these approaches (88% were concerned about this aspect) and their 
environmental impact (24% were concerned).  

The survey provides important insights that can help guide the development of new approaches to extending 
the productive lifetime of SCE. 

a. Summary of Key Points from the Survey 
● High Response Rate. The survey’s response rate (25%) indicates a high level of interest in the topic 
● Past SCE Decommissioning Experience 

○ 82% reported actual decommissioning between 2017 and 2019; decommissioning is an 
important and ongoing activity.  Thus, opportunities that increase value from such transitions 
(lifetime extension) are relevant to institutions that operate SCE. 

○ 78% of respondents reported they either “destroyed/recycled” or disposed through a surplus 
process, indicating opportunities to extend the scientifically productive use of this equipment. 

○ In aggregate, the equipment decommissioned accounted for 2 Pflops/s of peak computing 
power and over 1 PB of storage.  This capacity is comparable to a Top 500 supercomputer for 
2019 (near #490 on the June 2019 list). 

○ 22% of respondents decommissioned large amounts of equipment (at least double the average 
in terms of compute capacity). 

● Future SCE Decommissioning Plans 
○ 91% reported plans to decommission SCE between 2020-2023.  This larger population confirms 

that decommissioning is a growing challenge. 
○ 60% of those indicated that equipment would either be “destroyed/recycled” or disposed of 

through a surplus process, indicating opportunities to extend the scientific productivity of this 
equipment.  This is less than the 78% who disposed of their equipment non-productively in 
2017-19, but we note that this assessment is prospective, and may be optimistic. 

○ The aggregate equipment slated for decommissioning, if considered as a single system, would 
offer 11.5 Pflops/s of peak computing power and almost 1.5 PB of storage.  This capacity is 
comparable to a Top 500 supercomputer for 2019 (near #25 on the June 2019 list).  

○ 30% of respondents plan to decommission large amounts of equipment  (double the average in 
terms of compute capacity).  

● Comparing Past and Planned Decommissioning 
○ Total decommissioned CPU compute capacity is expected to grow by over 4x (a compound 

annual growth rate of over 60%). 
○ Total decommissioned GPU compute capacity is expected to grow by over 10x (almost 120% 

CAGR).  
○ Total decommissioned storage capacity is essentially unchanged over this period. 
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○ Based on respondents who reported both historical and planned decommissioning, productive 
disposition is projected to grow from 24% to 36%, a 50% increase.  However, the total 
computing capability dispatched unproductively continues to increase rapidly. 

● Reasons for Decommissioning 
○ The survey identified a wide range of motives for decommissioning, but no single reason, or 

even a set of related reasons, were mentioned by a majority of respondents.  
○ Several reasons were mentioned often:  

■ “Space limitations”, 
■ “Power limitations in the data center”,  
■ “Energy efficiency of the equipment being decommissioned”, 
■ “Lack of, or cost of, warranty or support services for the equipment”, 
■ “No longer scientifically useful” or “end of life”. 

○ The range of answers suggests that reasons for decommissioning are complex and perhaps not 
well understood. Many interrelated reasons were mentioned, but none dominated. 

○ Follow-up interviews presented a more focussed situation, with interviewees working to run their 
SCE for as long as they could, subject to space and power limitations of their current data 
centers.  For interviewees, warranty costs, energy efficiency, or a lack of scientific utility were 
not reasons for decommissioning. 

● Interest in Extending Equipment Lifetimes.  100% expressed definite (65%) or conditional (35%) 
interest in extending equipment lifetime.  This provides a core group for continued development of our 
“Extended Lifetime…” project, and of course, reflects a self-selected sample that completed the survey.  

● Concerns about Approaches for Extending Equipment Lifetimes: 
○ “Cost of Operation” was by far the predominant concern, selected by 88% of the respondents.  
○ “Carbon impact of operation” was the second most frequently selected concern (24% of 

respondents).  
○ Other reasons were mentioned (both suggested by the questionnaire and volunteered by 

respondents), but none were mentioned frequently. 
○ Interviewees were clearly focussed on maximizing the amount of scientific computing capability 

could be provided in the most cost effective way.  
● Sources of Equipment Funding 

○ We expected the US government to be the primary funding source for SCE, but were surprised 
to find that 59% of the equipment was funded by the institution.  At 88% of the institutions, 
institutional funding is an important factor, providing up to 100% of the funding in at least one 
case.  

○ The next largest funding source is the NSF, accounting for 30% of equipment costs.  The NSF 
was involved at some level at 71% of the institutions, providing up to 80% of the funding in at 
least one case.  

○ Other sources (such as NIH and the institution’s state government) provided less than 10% of 
the total SCE support.  These other sources were involved in less than 50% of the institutions.  

● Concerns Regarding Scenarios involving Relocation and Remote Operation 
○ Relocation and/or Resale: Life extension scenarios involving relocation of equipment were 

expected by interviewees to be feasible, while transferring ownership of the equipment would be 
prohibited.  This would also affect access to software licensed by the institution for use on its 
equipment.  In addition generating revenue from the equipment might be seen as problematic. 
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○ Required Power Density and Cooling in a New Location: Both air cooling and liquid cooling 
arrangements were used by the interviewees. Rack power densities for equipment now being 
decommissioned was on the order of 15-25 kW/rack. 

○ Skills Required for Remote Operation: Interviewees already had the skills needed to remotely 
operate their equipment, potentially using protocols from Open Science Grid (OSG).  Several 
related issues were noted: 

■ Delays associated with transferring large datasets that might be needed for remote 
processing. 

■ A virtual private network (VPN) or comparably secure communications channel might be 
needed for certain applications. 

■ Institutional assets located remotely might require separate physical security. 
■ One interviewee preferred to limit physical access to institutional assets to its own 

research computing staff.  
○ Personnel Constraints: Since institutional research computing staff were already 

overcommitted to a backlog of projects, life extension efforts would be hampered if research 
computing staff were needed to support the initiative.  
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Appendix: CASC Questionnaire 

Q1. Have you decommissioned any computing equipment in the last three years (2017-2019)? 

Answer Choices Responses 
  

Yes 78.57% 22   

No 21.43% 6   

 Answered 28   

 Skipped 0   

     

Q2. Please estimate the total number of CPU Nodes/Servers that were decommissioned 

Answer Choices Responses 
  

1-16 5.56% 1   

17-128 22.22% 4   

129-256 22.22% 4   

257-512 22.22% 4   

513-1024 5.56% 1   

Over 1024 22.22% 4   

 Answered 18   

 Skipped 10   

     

Q3. Please estimate the total number of GPUs that were decommissioned  

Answer Choices Responses 
  

1-16 56.25% 9   

17-128 37.50% 6   

129-256 6.25% 1   

257-512 0.00% 0   

513-1024 0.00% 0   

Over 1024 0.00% 0   

 Answered 16   

 Skipped 12   

 
Decommissioning SCE 2017-2023: CASC Survey Results (Runesha, Dietrich and Chien) 29 



     

Q4. Please estimate the total amount of Storage that was decommissioned  

Answer Choices Responses 
  

Up to 256 TB 16.67% 3   

257-1024 TB 33.33% 6   

1-4 PB 44.44% 8   

Over 4 PB 5.56% 1   

 Answered 18   

 Skipped 10   

     

Q5. Please describe any other equipment that might have been decommissioned. 

Answered 4    

Skipped 24    

     

Q6. What happened to this equipment?     

Answer Choices Responses 
  

Destroy/Recycle 61.11% 11   

Resell 5.56% 1   

Donate 0.00% 0   

Other (please specify) 33.33% 6   

 Answered 18   

 Skipped 10   

     

Q7. Are you likely to decommission any computing equipment in the period 2020-2023? 

Answer Choices Responses 
  

Yes 91.30% 21   

No 8.70% 2   

 Answered 23   

 Skipped 5   
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Q8. Please estimate the total number of CPU Nodes/Servers to be decommissioned. 

Answer Choices Responses 
  

1-16 0.00% 0   

17-128 10.53% 2   

129-256 21.05% 4   

257-512 21.05% 4   

513-1024 15.79% 3   

Over 1024 31.58% 6   

 Answered 19   

 Skipped 9   

     

Q9. Please estimate the total number of GPUs to be decommissioned.  

Answer Choices Responses 
  

1-16 25.00% 5   

17-128 60.00% 12   

129-256 0.00% 0   

257-512 0.00% 0   

513-1024 5.00% 1   

Over 1024 10.00% 2   

 Answered 20   

 Skipped 8   

     

Q10. Please estimate the total amount of Storage to be decommissioned.  

Answer Choices Responses 
  

Up to 256 TB 10.53% 2   

257-1024 TB 36.84% 7   

1-4 PB 47.37% 9   

Over 4 PB 5.26% 1   

 Answered 19   

 Skipped 9   
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Q11. Please describe any other equipment to be decommissioned.   

Answered 5    

Skipped 23    

     

Q12. What do you expect will be done with this equipment?   

Answer Choices Responses 
  

Destroy/Recycle 50.00% 10   

Resell 15.00% 3   

Donate 0.00% 0   

Other (please specify) 35.00% 7   

 Answered 20   

 Skipped 8   

     

Q13. What are the key reasons for decommissioning?    

Answer Choices Responses 
  

Power Limits 23.53% 4   

Space Limits 29.41% 5   

No Longer Scientifically Useful 17.65% 3   

Other (please specify) 64.71% 11   

 Answered 17   

 Skipped 11   

     

Q14. Would you be interested in low-cost approaches that enable continued operation of the equipment 
indicated above? 

Answer Choices Responses 
  

Yes 58.82% 10   

No 5.88% 1   

Maybe 35.29% 6   

 Answered 17   

 Skipped 11   
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Q15. Which of the following are obstacles or concerns for your institution to extend the lifecycle of computing 
hardware (check all that apply)? 

Answer Choices Responses 
  

Transfer of ownership 11.76% 2   

Cost of Operation (e.g. IT, maintenance, etc.) 88.24% 15   

Carbon Impact of Operation 23.53% 4   

Data Privacy 17.65% 3   

Transfer across state boundaries 5.88% 1   

Other (please specify) 23.53% 4   

 Answered 17   

 Skipped 11   

     

Q16. Please estimate the sources of support for your computing equipment (overall). 

Answer Choices 
Average 
Number Total Number Responses 

% NSF 36.92307692 480 81.25% 13 

% NIH 11 110 62.50% 10 

% Other US Federal (please indicate below) 5 35 43.75% 7 

% State 8 32 25.00% 4 

% My Institution 62.86666667 943 93.75% 15 

% Other (please indicate below) 0 0 6.25% 1 

   Answered 16 

   Skipped 12 

     

Q17. What are the source(s) of any funding listed above from “Other US Federal" or “Other” sources? 

Answered 5    

Skipped 23    
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Q18. Please enter your email if you would be willing to share more information about historical practice and 
challenges you see to creating extended lifecycles for scientific computing hardware. 

Answered 11    

Skipped 17    
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