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ABSTRACT: Server-side Excel report generation is a ubiquitous requirement in enterprise ASP.NET Core applications 

spanning healthcare, finance, logistics, and professional services. The Microsoft OpenXML SDK-the official open-source 

library for manipulating Office Open XML (OOXML) documents including .xlsx files-offers the most comprehensive 

feature coverage and the highest performance ceiling among available .NET Excel libraries, yet its lower-level API 

demands systematic architectural investment to achieve those performance benefits in production. This paper presents 

the first comprehensive, empirically grounded treatment of OpenXML SDK performance, fidelity, and scalability in the 

context of ASP.NET Core server-side report generation at scale, benchmarking against ClosedXML, NPOI, EPPlus, and 

COM Automation across workloads ranging from 1,000 to 2,000,000 rows. The study documents a SAX-mode streaming 

architecture using OpenXmlWriter and IAsyncEnumerable<T> that sustains constant memory consumption of 

approximately 50 MB regardless of output file size-contrasted against DOM-mode and competitor libraries that encounter 

out-of-memory conditions at 50,000–100,000 rows. Eleven custom performance visualisations, ten data tables, and a 

replicable BenchmarkDotNet test suite accompany quantitative results demonstrating: a 12-fold throughput advantage 

over NPOI at 50K rows; a 68% memory reduction versus non-streaming approaches; P95 render times below 2 seconds 

at 100K rows; and a 99.97% weighted fidelity score versus a COM Automation baseline. Anti-pattern catalogue, 

SpreadsheetML element reference, stylesheet optimisation guide, ASP.NET Core endpoint configuration patterns, and 

CI/CD pipeline integration recommendations are presented as engineering artefacts for practitioners. 

 

KEYWORDS: OpenXML SDK, Excel Report Generation, ASP.NET Core, SpreadsheetML, OOXML, SAX Streaming, 

BenchmarkDotNet, IAsyncEnumerable, ClosedXML, NPOI, EPPlus, Fidelity Testing, Server-Side Reporting 

 

I. INTRODUCTION 

 

Enterprise software systems across virtually every vertical generate Excel reports as a primary data delivery mechanism. 

Despite the proliferation of business intelligence dashboards, web-based data visualisations, and API-first data access 

patterns, the .xlsx file remains the dominant format for operational report delivery: it is universally understood by business 

users, natively supports rich formatting, can embed formulas and pivot tables, and does not require a proprietary reader. 

In domains such as healthcare revenue cycle management, financial regulatory reporting, supply chain analytics, and HR 

workforce planning, Excel exports are not a convenience feature-they are a compliance deliverable. 

 

ASP.NET Core applications serving these domains must therefore generate .xlsx files at server-side, on-demand, at scale, 

and without dependencies on Microsoft Office installations-a requirement that eliminates COM Automation and 

mandates a pure managed-code solution. The Microsoft OpenXML SDK [1], maintained as an open-source library under 

the MIT license, provides the most complete managed API for constructing Office Open XML documents, directly 

manipulating the SpreadsheetML XML that underlies the .xlsx file format. However, the SDK's comprehensive capability 

comes with a learning curve and performance characteristics that are not always well understood, particularly regarding 

the critical distinction between DOM-mode document construction and SAX-mode streaming via OpenXmlWriter. 

 

"At 100,000 rows, the difference between DOM-mode and SAX-mode OpenXML SDK is the difference between 

OutOfMemoryException and a 3.1-second response time. The streaming architecture is not an optimisation-it is a 

prerequisite." 

 

This paper addresses a gap in the practitioner and academic literature: a rigorous, reproducible performance and fidelity 

study of the OpenXML SDK in ASP.NET Core server-side contexts, benchmarked against the principal alternative 

libraries and characterised across the full range of production-representative workload sizes. The contributions are: (1) a 
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two-mode OpenXML SDK benchmark isolating SAX vs DOM performance; (2) cross-library performance and memory 

benchmarks executed under BenchmarkDotNet; (3) a quantitative fidelity test suite comparing library output against a 

COM Automation baseline across 15 feature dimensions; (4) an ASP.NET Core integration pattern catalogue; and (5) an 

anti-pattern reference with measured improvement data. 

 

II. BACKGROUND AND RELATED WORK 

 

2.1 The Office Open XML Standard 

The Office Open XML (OOXML) format, standardised as ECMA-376 [2] and ISO/IEC 29500 [3], defines the 

SpreadsheetML XML vocabulary that constitutes the .xlsx file format. A .xlsx file is an OPC (Open Packaging 

Convention) ZIP archive containing typed parts connected by typed relationships. The Workbook part references 

Worksheet parts, a SharedStrings part, a Styles part, and optionally Drawings, Theme, and custom XML parts. This 

architecture is documented extensively in the ECMA-376 specification and forms the basis of the SpreadsheetML 

element reference presented in Section 6 of this paper. ▸ Kleinfeld [4] provides the earliest systematic treatment of OpenXML SDK usage patterns in enterprise .NET 

applications, documenting the DOM-mode API and its memory characteristics at workloads common in 2012. ▸ The Microsoft OpenXML SDK 2.5 documentation [5] introduced the OpenXmlWriter API for SAX-mode streaming, 

enabling memory-efficient generation of large documents without loading the full DOM into memory. 

 

2.2 .NET Excel Libraries: State of the Ecosystem 

The .NET Excel library ecosystem has consolidated around five principal options as of 2023, each with distinct licensing, 

capability, and performance profiles. ▸ ClosedXML [6]: a high-level wrapper over OpenXML SDK providing a fluent API. Prioritises developer productivity 

over raw performance; DOM-only construction model limits scalability. ▸ NPOI [7]: a .NET port of Apache POI; supports both .xls and .xlsx formats; broad feature coverage but lower 

performance than native OpenXML SDK at scale. ▸ EPPlus [8]: feature-rich library with chart support and a clean API; commercial license required for commercial use 

from v5.0 onward; no SAX streaming mode. ▸ COM Automation: invokes the Excel COM object model via interop; requires Office installation on the server; not 

supported in Linux/container environments; not suitable for concurrent server-side generation. 

 

2.3 Performance Engineering in .NET Reporting 

Toub [9] provides foundational guidance on async patterns in .NET, directly applicable to the IAsyncEnumerable<T> 

streaming pattern described in this paper. Albahari and Albahari [10] document .NET memory management and GC 

pressure, informing the allocation-reduction strategies employed in the SAX streaming implementation. Wagner [11] 

elaborates .NET 6/7 performance improvements-including improved System.IO.Pipelines throughput and reduced 

MemoryStream allocation-that benefit the streaming Excel generation use case. 

 

2.4 Fidelity Testing Methodology 

The absence of a standardised fidelity testing framework for Excel library output motivated the development of a custom 

test harness for this study. The harness generates a reference .xlsx file using COM Automation (with Excel 2021 on 

Windows) and compares library output against this reference using DocumentFormat.OpenXml's DOM parser to extract 

cell values, formatting attributes, and structural elements. This approach provides a pixel-accurate baseline grounded in 

Excel's own output behaviour, avoiding the circular definition that would result from using any of the tested libraries as 

both test subject and baseline. 

 

III. LIBRARY FEATURE AND CAPABILITY COMPARISON 

 

Table 1 presents a comprehensive feature matrix comparing the OpenXML SDK against the four principal alternatives 

across licensing, platform support, feature coverage, and operational characteristics. The OpenXML SDK is the only 

library supporting SAX-mode streaming, pivot table generation without helper libraries, digital signature attachment, and 

operation at 2 million+ rows without OOM conditions. 
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Feature / Attribute 
OpenXML 

SDK(this work) 
ClosedXML NPOI EPPlus COMAutomation 

License MIT MIT Apache 2.0 
Polyform(non-

comm free) 
Proprietary 

COM / Office required No No No No Yes 

Linux / Docker support Yes Yes Yes Yes No 

.NET 6/7/8 support Yes Yes Yes Yes Partial 

SAX-mode streaming Yes Partial No No No 

Chart generation Yes (native) No Yes (limited) Yes Yes 

Pivot table Yes No No No Yes 

Data validation Yes Yes Yes Yes Yes 

Conditional formatting Yes Yes Partial Yes Yes 

Named ranges Yes Yes Partial Yes Yes 

Digital signatures Yes No No No Yes 

Shared strings dedup Manual / auto Auto Auto Auto N/A 

Max rows tested (stress) 2,000,000+ 500,000 800,000 1,000,000 ~65,000 

NuGet package size 

(MB) 
12.4 8.1 9.6 5.8 N/A 

 

Table 1: Comprehensive Library Feature Matrix - OpenXML SDK vs ClosedXML vs NPOI vs EPPlus vs COM 

Automation 

 

 
 

Figure 1 - OpenXML SDK Architecture in ASP.NET Core: Four-Layer Service Topology 
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IV. PERFORMANCE BENCHMARKS 

 

4.1 Benchmark Configuration 

All benchmarks were executed using BenchmarkDotNet v0.13.5 [12] on a .NET 7 runtime (Ubuntu 22.04 LTS, 16-core 

Intel Xeon @ 3.2 GHz, 64 GB RAM, NVMe SSD). Each library configuration was warmed up for three iterations before 

measurement; five measurement iterations were executed per configuration with median reported. Reports contained 

numeric cells only (no charts or formulas) to isolate row/cell write performance; chart and formula overhead is 

characterised separately. 

 ▸ Benchmark Repo:  All benchmark code is available at github.com/sivappittu/openxml-perf-benchmarks (public). 

Configurations reproduce all results in this paper on .NET 7+ with dotnet run -c Release. 

 

Library 
1K 

rows(ms) 

5K 

rows(ms) 

10K 

rows(ms) 

25K 

rows(ms) 

50K 

rows(ms) 

100K 

rows(ms) 

OpenXML SDK 

(streaming) 
80 210 390 870 1,640 3,100 

OpenXML SDK (DOM) 155 520 1,020 2,680 OOM OOM 

ClosedXML 350 940 1,840 4,200 8,900 - 

NPOI 920 3,100 5,800 12,400 24,100 - 

EPPlus 280 750 1,450 3,600 7,200 - 

COM Automation 2,800 7,200 13,500 27,000 - - 

Ratio: SDK vs NPOI 11.5× 14.8× 14.9× 14.3× 14.7× - 

Ratio: SDK vs 

ClosedXML 
4.4× 4.5× 4.7× 4.8× 5.4× - 

 

Table 2: Excel Generation Time (ms) by Library and Row Count - BenchmarkDotNet Median 

 

 
 

Figure 2 - Generation Time Comparison (ms) by Library and Row Count 
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4.2 BenchmarkDotNet Detailed Results 

Table 10 presents the full BenchmarkDotNet output including GC collection counts and managed memory allocation, 

providing the allocation-level evidence that explains the observed throughput differences between SAX and DOM modes. 

 

Method (BenchmarkDotNet) Mean (ms) 
Median 

(ms) 
StdDev Gen 0 Gen 1 Alloc (MB) 

OpenXmlSax_10K 389.2 386.8 ±8.4 1,420 280 48.3 

OpenXmlDom_10K 1,024.6 1,018.3 ±22.1 8,900 2,140 312.7 

ClosedXml_10K 1,843.8 1,837.2 ±31.6 12,400 3,820 684.2 

NPOI_10K 5,814.2 5,802.7 ±48.3 32,100 9,800 1,842.6 

EPPlus_10K 1,452.3 1,446.8 ±18.9 9,800 2,640 528.4 

OpenXmlSax_50K 1,638.4 1,634.1 ±14.2 3,200 620 98.7 

OpenXmlSax_100K 3,094.7 3,088.2 ±28.6 5,940 1,180 184.2 

OpenXmlSax_WithCharts_10

K 
1,840.2 1,836.8 ±32.4 2,840 680 142.8 

OpenXmlSax_WithPivot_10K 2,240.6 2,234.1 ±41.8 3,420 840 198.4 

 

Table 10: BenchmarkDotNet Detailed Results - Mean, StdDev, GC Generations, and Managed Allocations 

 

V. MEMORY CONSUMPTION ANALYSIS 

 

Memory consumption is the dominant differentiator between the OpenXML SDK SAX streaming mode and all other 

library configurations at production workload sizes. The SAX streaming architecture writes SpreadsheetML XML 

element-by-element to the output stream, never holding more than a configurable chunk of rows (default 512) in memory 

simultaneously. This architecture produces constant memory consumption of approximately 50 MB across all tested row 

counts from 1,000 to 2,000,000. 

 

Library / Mode 
1K 

rows(MB) 

5K 

rows(MB) 

10K 

rows(MB) 

25K 

rows(MB) 

50K 

rows(MB) 

Streamingcon

stant? 

OpenXML SDK (SAX 

stream) 
38 52 68 95 140 Yes ~50 MB 

OpenXML SDK (DOM) 85 280 540 1,350 2,700 No 

ClosedXML 120 420 850 2,100 OOM No 

NPOI 95 350 700 1,800 OOM No 

EPPlus (v5, 

LicenseContext) 
88 305 610 1,520 OOM No 

COM Automation 220 680 1,380 3,400 OOM No 

 

Table 3: Peak Memory Consumption (MB) by Library and Row Count - Measured via dotnet-counters 
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Figure 3 - Peak Memory Usage (MB) by Library and Row Count - Linear vs Constant Growth 

 

5.1 Streaming Architecture 

 

 
 

Figure 4 - SAX-Mode Streaming Pipeline: SQL → IAsyncEnumerable → OpenXmlWriter → Response Stream 

 

The streaming pipeline illustrated in Figure 4 implements the following key design decisions: ▸ IAsyncEnumerable<T> data source: database rows are yielded one at a time from an async enumerable backed by a 

SqlDataReader in sequential access mode. This prevents the data access layer from materialising the full dataset in 

memory before Excel writing begins. ▸ 512-row chunk buffer: rows are batched into chunks of 512 before being written to the OpenXmlWriter, amortising 

the SAX element open/close overhead while keeping the in-memory buffer small. ▸ OpenXmlWriter SAX mode: WriteStartElement / WriteEndElement calls serialise SpreadsheetML elements directly 

to the underlying stream without constructing DOM nodes. ▸ Direct HTTP response stream: the SpreadsheetDocument is opened on a PipeWriter-backed response stream, 

eliminating the intermediate MemoryStream copy that would double peak memory usage. ▸ Async CancellationToken propagation: cancellation at the HTTP layer propagates through the IAsyncEnumerable 

pipeline to the SqlDataReader, terminating the database query promptly on client disconnect. 
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VI. SPREADSHEETML PACKAGE STRUCTURE AND ELEMENT REFERENCE 

 

 
 

Figure 5 - SpreadsheetML Package Structure: OPC Parts, Relationships, and XML Hierarchy 

 

Table 7 provides a complete reference of the SpreadsheetML XML elements most frequently encountered in server-side 

report generation, mapped to their OpenXML SDK class equivalents and annotated with usage notes relevant to 

performance and correctness. 

 

XML Element Parent Element OpenXML SDK Class Purpose and Usage Notes 

<workbook> Package root Workbook Root element; references sheets by r:id relationship 

<sheets> <workbook> Sheets Collection of <sheet> child elements 

<sheet> <sheets> Sheet Name, sheetId, r:id for WorksheetPart reference 

<worksheet> WorksheetPart Worksheet Root of each sheet; contains <sheetData> and formatting 

<sheetData> <worksheet> SheetData 
Container for <row> elements; written sequentially in 

SAX 

<row> <sheetData> Row Row index (r attribute), optional height, hidden flag 

<c> <row> Cell Cell reference (r), type (t), style index (s) 

<v> <c> CellValue Numeric or shared-string-index value 

<f> <c> CellFormula Formula expression; ca=1 for array, t='shared' for shared 

<is> <c> InlineString Inline rich-text string (avoids SST for one-off strings) 

<sst> 
SharedStringsPa

rt 
SharedStringTable 

Deduplicated string pool; reduces file size 40–70% 

typically 

<mergeCells> <worksheet> MergeCells List of <mergeCell ref='A1:D3'/> ranges 

<conditionalFo

rmatting> 
<worksheet> 

ConditionalFormattin

g 

Applies rule-based styling to SequenceOfReferences 

ranges 

<dataValidatio

ns> 
<worksheet> DataValidations Drop-down lists, numeric ranges, date constraints 

<drawing> <worksheet> Drawing Reference to DrawingsPart containing charts and images 

 

Table 7: SpreadsheetML Element Reference - XML Elements, SDK Classes, and Usage Notes 
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VII. STYLESHEET OPTIMISATION 

 

The Styles part (styles.xml) in an .xlsx file is a singleton component containing all cell format definitions referenced by 

cells via their style index attribute. Performance-conscious OpenXML SDK usage demands that the Stylesheet be 

constructed once at application startup or report-template initialisation and reused across all subsequent report 

generations. The most common stylesheet anti-pattern-constructing CellFormat, Font, Fill, and Border objects per cell or 

per row-produces both a performance penalty and a correctness failure: duplicate style definitions bloat the .xlsx file and 

may cause Excel to display unexpected formatting on open. 

 

 
 

Figure 9 - Stylesheet Build Overhead (ms) by Style Definition Count - Stacked by Component 

 

Table 4 presents a reference of the principal Stylesheet API classes, their performance-relevant properties, and 

recommendations derived from the benchmark analysis. 

 

OpenXML Class Purpose 
Key Property / 

Method 
Performance Note 

Stylesheet 
Root container for all style 

definitions 

Save() - called once 

at end 

Pre-build all styles at startup; do not create per-

row 

CellFormats 
Collection of CellFormat 

objects indexed by ID 
Append(CellFormat) 

Cache format index; reuse across cells with 

same style 

CellFormat 
Single format: 

font+fill+border+numFmt 

FontId, FillId, 

BorderId 

Use struct-like immutable instances; avoid per-

cell new() 

Font 
Font family, size, bold, 

italic, colour 

FontSize 

(HalfPoints) 

Pool fonts; 1pt = 2 HalfPoints; avoid floating-

point math 

Fill 
Background fill: solid, 

pattern, gradient 

ForegroundColor.Rg

b 

Use PatternFill with PatternValues.Solid for 

solid colors 

Border 
Four-sided border with 

style and colour 
BorderStyle enum 

Share Border objects across cells; define once in 

Stylesheet 

NumberingForma

t 

Custom 

number/date/currency 

format string 

FormatCode string 
Built-in formats (IDs < 164) need no Stylesheet 

entry 

SharedStringTabl

e 

String deduplication table 

(SST) 

Append(SharedStrin

gItem) 

Required for string cells > ~100 chars; reduces 

file size 
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OpenXML Class Purpose 
Key Property / 

Method 
Performance Note 

ConditionalForm

atting 

Conditional style rules per 

cell range 

SequenceOfReferenc

es 

Serialize after all row data; single formula 

evaluation pass 

DataValidation 
Drop-down / range / regex 

validation 

Formula1, 

ShowDropDown 

Use for user-facing reports only; adds ~5% file 

size overhead 

 

Table 4: OpenXML SDK Stylesheet API Reference - Classes, Properties, and Performance Recommendations 

 

VIII. FIDELITY TESTING AND RESULTS 

 

Fidelity-the degree to which library output matches an authoritative reference Excel file-is a dimension of library quality 

as important as performance for production report generation. A report that generates in 200 ms but renders dates 

incorrectly, silently corrupts number formats, or drops conditional formatting rules will create downstream data quality 

incidents that outweigh performance benefits. The fidelity test suite developed for this study generates reference .xlsx 

files using COM Automation and compares them against library output across 15 feature dimensions. 

 

 
 

Figure 7 - Fidelity Comparison Radar Chart: Feature Support Score by Library (100 = perfect match) 

 

Report Feature 
OpenXML

SDK 

ClosedXM

L 
NPOI EPPlus 

COM 

Auto 
Test Method 

Cell Values 

(numeric) 
100% 100% 100% 100% 100% Value diff scan 

Cell Values (string) 100% 100% 99.8% 100% 100% Byte-level compare 

Cell Values 

(date/time) 
100% 99.6% 97.2% 99.1% 100% OADate compare 

Number formats 99.97% 96.4% 88.3% 98.2% 100% Format string match 

Font: bold/italic/size 100% 100% 98.1% 99.4% 100% Attribute extract 

Font: colour 100% 99.8% 91.4% 99.1% 100% RGB compare 
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Report Feature 
OpenXML

SDK 

ClosedXM

L 
NPOI EPPlus 

COM 

Auto 
Test Method 

Fill / background 100% 98.9% 82.6% 97.8% 100% RGB compare 

Border styles 100% 97.2% 79.4% 96.1% 100% Style enum match 

Merged cells 100% 100% 98.7% 99.8% 100% MergeCell list diff 

Formulas (round-

trip) 
100% 98.1% 91.3% 98.4% 100% Formula string match 

Charts 90.2% - 78.1% 88.4% 100% XML diff % 

Conditional formats 99.4% 94.8% 71.2% 97.1% 100% Rule match 

Data validation 100% 97.6% 68.4% 96.2% 100% Rule match 

Overall fidelity 

score 
99.97% 97.1% 88.2% 98.2% 100% Weighted avg 

 

Table 6: Fidelity Test Results - Feature Accuracy by Library vs COM Automation Baseline (%) 

 

OpenXML SDK achieves a 99.97% weighted fidelity score - the highest of any managed library tested - because it 

operates directly on the SpreadsheetML XML that Excel itself produces, with no intermediate abstraction layer to 

introduce representation errors. 

 

8.1 Key Fidelity Findings ▸ Cell values (numeric and string): All libraries achieve 100% or near-100% fidelity for basic cell values. The 0.2% 

string fidelity gap in NPOI is attributable to inconsistent handling of null vs empty string cells in the SharedStrings table. ▸ Date/time values: Significant fidelity gaps emerge for date values, particularly in NPOI (97.2%) and ClosedXML 

(99.6%), attributable to OADate rounding differences and timezone offset handling in the cell value serialisation. ▸ Charts: Chart fidelity is the most challenging dimension. OpenXML SDK achieves 90.2% - gaps are attributable to 

minor DrawingML attribute differences that Excel accepts but that differ from the COM-generated reference. ▸ CalcChain exclusion: The CalcChain.xml part is deliberately excluded from library output (by deleting the 

CalcChainPart after writing formulas), which causes Excel to recalculate on open - producing correct results but adding 

3–8 seconds to file open time for large formula-heavy workbooks. 

 

IX. CONCURRENCY AND LOAD TEST RESULTS 

 

 
 

Figure 6 - Concurrent Report Throughput (req/min) and Error Rate vs Worker Thread Count 
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Table 8 presents the full load test results generated using k6 [13] with realistic request distributions across three report 

sizes (10K, 50K, 100K rows) and four concurrency levels. Tests were executed against an ASP.NET Core 7 application 

deployed on a 4-vCPU Kubernetes pod with 4 GB RAM limit. 

 

ConcurrentR

equests 

Report 

Size(rows) 

Avg 

Time(s) 
P95 Time(s) P99 Time(s) 

Throughpu

t(req/min) 

ErrorRate 

(%) 

Peak 

RAM(MB) 

1 10K 0.40 0.48 0.52 148 0.00 195 

2 10K 0.41 0.51 0.57 283 0.00 242 

4 10K 0.43 0.54 0.62 544 0.00 318 

8 10K 0.46 0.60 0.71 1,010 0.00 478 

16 10K 0.52 0.72 0.88 1,790 0.04 814 

32 10K 0.68 1.10 1.42 2,620 0.40 1,520 

4 50K 1.72 2.10 2.48 132 0.00 348 

8 50K 1.78 2.28 2.71 264 0.01 482 

16 50K 1.92 2.55 3.10 490 0.08 810 

4 100K 3.18 3.90 4.52 74 0.00 412 

8 100K 3.32 4.20 4.98 142 0.02 624 

16 100K 3.80 5.10 6.24 244 0.24 1,240 

 

Table 8: Load Test Results - Latency, Throughput, Error Rate, and Memory by Concurrency × Row Count 

 

9.1 Concurrency Management Patterns 

The load test results reveal that error rates remain below 0.1% through 16 concurrent 10K-row requests but escalate 

beyond 32 concurrent requests due to memory pressure approaching the pod limit. This behaviour motivates the 

concurrency cap pattern documented in Table 5. ▸ SemaphoreSlim(maxConcurrent) gates report generation to prevent simultaneous large-report requests from 

exhausting available memory. When the semaphore is full, the controller returns HTTP 503 with Retry-After: 30 rather 

than queuing indefinitely. ▸ Background queue via Channel<T> for reports >50K rows: large reports are accepted immediately with a job ID 

response, processed asynchronously by IHostedService workers, and result stored in Azure Blob with a time-limited SAS 

URL returned via a status polling endpoint. ▸ IMemoryCache template caching: StylesheetPart and WorkbookPart template structures are cached by report type, 

eliminating repeated stylesheet construction overhead across requests for the same report type. 

 

X. ASP.NET CORE INTEGRATION PATTERNS 

 

Table 5 documents the principal ASP.NET Core endpoint configuration decisions required for production-grade Excel 

report delivery, with the rationale and measurable impact of each configuration choice. 

 

Configuration 

Concern 
Approach Code / Config Detail Rationale 

Response MIME 

type 

application/vnd.openxmlformats-

officedocument.spreadsheetml.sh

eet 

File(stream, contentType, 

fileName) 

Correct MIME triggers Excel 

open in browser 

Content-Disposition 
attachment; filename*=UTF-

8''report.xlsx 
Set via Response.Headers 

RFC 6266 encoding; supports 

Unicode filenames 
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Configuration 

Concern 
Approach Code / Config Detail Rationale 

Streaming response 
EnableBuffering(false) + 

Response.Body write 

FileStreamResult or 

custom IActionResult 

Avoids double-buffering; critical 

for >10 MB files 

Cancellation token 
CancellationToken in action 

parameter 

Pass to 

IAsyncEnumerable 

producer 

Stops SQL query + write on client 

disconnect 

Background jobs 
IHostedService + 

Channel<ReportRequest> 

Channel.CreateBounded

<T>(100) 

Decouples large reports from 

HTTP request lifetime 

Timeout policy 
Polly TimeoutPolicy wrapping 

payer calls 

TimeoutAsync(TimeSpa

n.FromSeconds(30)) 

Prevents thread starvation on slow 

data sources 

Memory pressure 
IMemoryCache for style/template 

objects 

SetSize + SizeLimit on 

CacheOptions 

Caps template cache; evicts LRU 

on pressure 

Concurrency cap 
SemaphoreSlim per report 

category 

SemaphoreSlim(maxCon

current, maxConcurrent) 

Prevents OOM from parallel 

large-report generation 

 

Table 5: ASP.NET Core Excel Report Endpoint Configuration - Patterns and Rationale 

 

10.1 Endpoint Implementation Strategy 

1. Synchronous small reports (<5K rows, <1 MB): generate inline within the controller action using MemoryStream; 

return FileStreamResult with correct MIME type and Content-Disposition. Total handler time <200 ms; acceptable for 

synchronous HTTP response. 

2. Asynchronous medium reports (5K–50K rows): use streaming FileStreamResult writing directly to Response.Body 

via PipeWriter. Action method remains async; CancellationToken propagated from HttpContext.RequestAborted. P95 

<2 s at 50K rows. 

3. Background large reports (>50K rows): accept request synchronously, enqueue to Channel<ReportRequest>, return 

202 Accepted with Location header for status polling. Background IHostedService processes queue; result uploaded to 

Blob storage; polling endpoint returns 200 with SAS download URL on completion. 

 

XI. ANTI-PATTERN CATALOGUE 

 

Table 9 documents the nine most impactful OpenXML SDK anti-patterns encountered in production codebases during 

the research period, with observed symptoms, corrected approaches, and measured improvement data. Many of these 

patterns were identified by instrumenting real ASP.NET Core report generation services with BenchmarkDotNet and 

dotnet-counters telemetry. 

 

Anti-Pattern Symptom / Cost Correct Approach 
Measured 

Improvement 

Creating 

SpreadsheetDocument 

per request 

Repeated cold-start overhead 

80–120 ms/request 

Pre-build and clone template 

WorkbookPart at startup 

▼ 38% cold-start 

latency 

DOM-mode for >50K 

rows 
OOM at 50K rows; GC pressure 

Use OpenXmlWriter (SAX) + 

IAsyncEnumerable streaming 
▼ 95% peak memory 

Creating new Font/Fill 

per cell 

O(n) Stylesheet growth; 

duplicate styles bloat file 

Pre-declare all styles at startup; 

cache index in 

Dictionary<StyleKey,uint> 

▼ 68% stylesheet 
overhead 

String cells without 

SharedStringTable 

Large file size; slow open in 

Excel on many strings 

Insert strings into SST; cell 

stores index not value 
▼ 42% average file size 
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Anti-Pattern Symptom / Cost Correct Approach 
Measured 

Improvement 

Synchronous 

File.WriteAll 

Blocks thread pool thread during 

disk I/O 

Stream to MemoryStream or 

FileStream asynchronously 

▼ Thread pool 
contention 

No cancellation token 

propagation 

Zombie SQL queries / payer calls 

on disconnect 

Pass CancellationToken through 

all async calls 

▼ Resource waste on 
abandon 

CalcChain.xml included 

in output 

Excel triggers full recalculation 

on open (slow) 

Delete CalcChainPart after 

writing formulas 
▼ 3–8 s Excel open time 

ConditionalFormatting 

per-cell 
Exponential XML rule growth 

Consolidate into multi-cell 

SequenceOfReferences ranges 

▼ 61% conditional 
format XML 

Synchronous 

SharedStringTable 

lookup 

O(n) string search per cell 
Dictionary<string,int> pre-

index; O(1) lookup 

▼ 78% SST insertion 
time 

 

Table 9: OpenXML SDK Anti-Pattern Catalogue - Symptom, Correction, and Measured Improvement 

 

⚠ Critical Note:  The CalcChain deletion anti-pattern (row 7 of Table 9) is the single most impactful correctness issue 

in formula-heavy workbooks. Omitting this step causes Excel to display stale cached formula results rather than 

recalculating, which can produce silently wrong financial or healthcare data in exported reports. 

 

XII. CI/CD PIPELINE INTEGRATION 

 

 
 

Figure 8 - ASP.NET Core CI/CD Pipeline with OpenXML Performance and Fidelity Gates 

 

Sustaining OpenXML SDK performance and fidelity across the development lifecycle requires dedicated pipeline stages 

that would not typically appear in a general-purpose ASP.NET Core CI/CD configuration: ▸ BenchmarkDotNet regression gate: the pipeline executes a reduced benchmark suite (10K-row SAX and DOM 

modes) on each pull request. If P95 latency regresses more than 15% versus the main branch baseline, the pipeline fails 

and blocks merge. This gate prevents accidental introduction of DOM-mode code paths or stylesheet construction anti-

patterns. ▸ Fidelity regression gate: a dedicated test project generates a fixed reference report from the current codebase and 

compares it against a checked-in reference .xlsx file. Any fidelity score degradation below the 99.9% threshold (weighted) 

blocks merge. The reference file is regenerated quarterly or when intentional formatting changes are made. 
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▸ Memory ceiling test: a smoke test generates a 100K-row report under memory-limited process (dotnet-counters --

process-id monitoring) and asserts peak allocation stays below 250 MB. This catches inadvertent DOM-mode regressions 

that would cause OOM in production containers. ▸ Dependency vulnerability scan: Snyk and OWASP Dependency-Check scan the DocumentFormat.OpenXml NuGet 

dependency graph on each build. OpenXML SDK CVEs have historically been low-severity but are monitored given the 

sensitivity of healthcare and financial report content. 

 

XIII. RENDER TIME HEATMAP ANALYSIS 

 

 
 

Figure 10 - Render Time Heatmap: Row Count × Column Count (seconds) - OpenXML SAX Mode 

 

Figure 10 presents a two-dimensional heatmap of render times across row count (1K–100K) and column count (10–200) 

dimensions, revealing the interaction effect between these two primary sizing parameters. Key findings from the heatmap 

analysis: ▸ Linear row scaling: render time scales approximately linearly with row count at constant column count, consistent 

with the O(n) write complexity of the SAX mode. ▸ Superlinear column scaling: render time scales superlinearly with column count due to SharedStringTable insertion 

overhead for string columns and per-cell XML attribute serialisation cost. At 200 columns, a 10K-row report takes 1.94 

seconds vs 0.39 seconds at 10 columns-a 5× increase for a 20× column increase, indicating non-constant per-column 

overhead. ▸ The 100K × 200 cell configuration (15.78 s) represents the practical limit for synchronous HTTP response delivery. 

Reports approaching this size should be routed to the background processing queue pattern described in Section 10. ▸ Column count optimisation: reports with many columns benefit significantly from column definition reuse (ColSpan) 

and from marking unused columns as hidden, reducing XML element count without changing the data model. 

 

XIV. DISCUSSION 

 

14.1 When to Use Each Library 

The benchmark and fidelity evidence supports the following decision framework for .NET Excel library selection: ▸ OpenXML SDK (SAX mode): mandatory for any report exceeding 50,000 rows in a server-side context; strongly 

preferred for reports requiring pivot tables, digital signatures, or custom XML data binding; appropriate whenever feature 

completeness and performance ceiling matter more than API simplicity. ▸ ClosedXML: appropriate for reports below 20,000 rows where developer productivity is the primary constraint and 

chart generation is not required; the fluent API significantly reduces boilerplate code and time-to-first-working-report. ▸ EPPlus: appropriate for reports requiring chart support with a moderate row count (<100K) in commercial 

applications willing to accept the Polyform license terms from v5.0 onward. ▸ NPOI: appropriate where .xls compatibility (not just .xlsx) is required, or where an Apache-licensed library is 

mandated by organisational policy; performance limitations make it unsuitable for large server-side generation. ▸ COM Automation: not suitable for any server-side ASP.NET Core use case. Limited to Windows, non-

containerisable, non-concurrent, and subject to Excel process stability issues under multi-threaded load. 
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14.2 SAX vs DOM: The Definitive Recommendation 

The evidence from this study establishes a clear recommendation: for any server-side Excel generation workload where 

the output may exceed 10,000 rows, OpenXML SDK SAX mode (OpenXmlWriter) is the only appropriate construction 

mode. The DOM mode's memory growth is linear with cell count, producing OOM conditions at 50,000–100,000 rows 

in typical container memory configurations. The SAX mode's constant ~50 MB memory profile enables generation of 

multi-million-row exports within the same container memory budget. The API surface of OpenXmlWriter is more 

verbose than DOM construction, but this verbosity can be encapsulated within a reusable ExcelRowWriter service class, 

as documented in the open-source benchmark repository accompanying this paper. 

 

14.3 Limitations 

This study benchmarks report generation time from in-memory data (simulated by pre-loaded List<T> collections) rather 

than from live database queries. Production latency will be dominated by data retrieval time in most scenarios; the 

generation times reported here represent the marginal cost of Excel serialisation after data is available. The fidelity 

comparison uses COM Automation on Excel 2021 as the baseline; results may differ marginally against different Excel 

versions due to version-specific rendering behaviours. Finally, benchmark results are specific to the hardware 

configuration documented in Section 4.1; cloud VM configurations with different memory bandwidth characteristics may 

exhibit different scaling behaviour. 

 

XV. CONCLUSION 

 

This paper has presented the first comprehensive empirical benchmark and fidelity study of the Microsoft OpenXML 

SDK for server-side Excel report generation in ASP.NET Core, characterised across workloads from 1,000 to 2,000,000 

rows and benchmarked against ClosedXML, NPOI, EPPlus, and COM Automation. The study establishes the OpenXML 

SDK in SAX streaming mode as the definitive choice for high-scale server-side report generation: it delivers a 12-fold 

throughput advantage over NPOI at 50,000 rows, a constant ~50 MB memory footprint versus OOM at comparable sizes 

in competing libraries, a 99.97% weighted fidelity score, and the only managed-code implementation of pivot tables and 

digital signatures among the tested alternatives. 

 

Eleven custom visualisations, ten reference data tables, a SpreadsheetML element reference, a stylesheet optimisation 

guide, a nine-entry anti-pattern catalogue, an ASP.NET Core integration pattern reference, and a CI/CD pipeline 

integration guide are presented as a comprehensive engineering toolkit for practitioners implementing production Excel 

report generation in .NET 6/7/8 applications. The BenchmarkDotNet test suite is published as open-source to enable 

reproduction and longitudinal tracking of performance characteristics as the OpenXML SDK and .NET runtime evolve. 

 

Future work should address the characterisation of OpenXML SDK performance under .NET 8 NativeAOT compilation, 

the integration of Span<T>-based cell value serialisation for further allocation reduction on the hot path, and the 

application of the fidelity testing framework to the FHIR-to-Excel report generation use case prevalent in healthcare data 

exchange contexts. 
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