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1 Introduction 

In November 2012, Spire Research and Consulting was commissioned by Hewlett-

Packard Singapore (Private) Limited to conduct an effective cost comparison study on 

original HP inkjet cartridges and refilled laser printer cartridges for black and white 

printers in China and India. 

 

The objective of the study was to validate or reject the following hypothesis: 

“The effective cost per page for customers using HP Officejet Pro 3610 black and white 

printer is comparable to the customers using black and white laser printers and refilling 

their cartridges.” 

 

The study was designed to evaluate the page yield and effective cost comparison of 

original HP black and white inkjet cartridges versus refilled black and white laser printer 

cartridges of a leading laser printer brand. The laser printer brand was selected based on 

the printers’ market share in India and China (IDC Laser Printer Report, Q2’12). The study 

was conducted according to the ISO Standard: ISO/IEC: 19752: 2004 (document titled: 

Information Technology — Method for the Determination of Toner Cartridge Yield for 

Monochromatic Electro-photographic Printers and Multi-function Devices that contain 

Printer Components). 

 

Two separate tests were conducted in India and China independently. The process 

involved procuring new printers and new cartridges for the selected printer in both 

countries. The process was conducted in a controlled environment until the cartridges 

were depleted (based on the process stipulated by ISO Standard: ISO/IEC: 19752: 2004). 

The cartridges were then refilled using the services provided by the top 5 leading refilling 

brands in each market (based on report by IDC Asia/Pacific Quarterly Printer 

Consumable Tracker: Q2'12). All cartridges were refilled twice and a final effective cost 

per page1 was calculated for the printers. 

 

A similar process was adopted for the HP Officejet Pro 3610 black and white printer using 

original supplies only. The effective cost per page (CPP) was then compared between 

both printers to test the hypothesis. 

 

The study was successfully completed in December 2012. 

                                            
1  We have averaged the cost per page for original cartridge and the cost per page of refilled cartridges to calculate 

the effective cost per page  
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2 Executive Summary 

The results of the study were summarized below: 

 Cost Per Page (CPP) 

The tested original HP inkjet printer cartridges had lower effective2 cost per page 

than the tested refilled laser printer cartridges. 

 

 Cartridge Reliability 

17% of the laser printer cartridges tested3 were either printing with errors or having 

issues4  before the cartridges’ end-of-service-life. None of the original HP inkjet 

printer cartridges tested was observed to have any printing errors. The page yield 

of the refilled laser printer cartridges varied from 400 to 4062 pages.  

 

 Consistency in Print Quality 

31% of the laser printer cartridges tested were inconsistent in their print quality. 

Black spots, black stains and black lines were commonly observed in the pages 

printed from refilled laser printer cartridges in both India and China. This 

inconsistency made these printers less suitable for applications, where the quality 

of print was considered important. 

 

 Printing convenience 

22% of the tested refilled laser printer cartridges required troubleshooting before 

the cartridges were depleted. The troubleshooting process included telephonic 

queries to the refilling brands; which added to the printing downtime. Further, the 

need for troubleshooting increased with each refilling phase. This downtime 

hampered the customers’ productivity when using refilled laser printer cartridges. 

 

 Conclusion 

Based on the test conducted, it can be concluded that, “The effective cost per 

page for customers using HP Officejet Pro 3610 black and white printer is 

comparable to the customers using black and white laser printers and refilling their 

cartridges. In addition, the refilled laser cartridges were inconsistent in print quality 

and had unreliable page yield.” 

                                            
2  Effective cost per page for refilled cartridges includes the cost incurred in purchasing and utilizing the original 

cartridge 
3   Tested cartridges include, both, original and refilled laser printer cartridges 
4  Printing error is defined as appearance of, black lines, black stains, and premature first fade 
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3 Effective Cost per Page/ Cartridge Reliability Comparison  

3.1 Test Methodology 

The test was done on black and white HP inkjet printers and a leading laser printer 

brand selected based on their market share in China and India (IDC Laser Printer 

Report, Q2’12). Accordingly, Spire selected Samsung laser printers for the study.  

 

The HP printer used in the test was HP Officejet Pro 3610 black and white inkjet 

printer. The corresponding ink cartridge used was HP 960XL black Officejet ink 

cartridge. The Samsung printer used in the testing was Samsung SCX 3200 series 

laser printer and the cartridge used was MLT-D1043S laser printer cartridge. A total 

of 30 printers were purchased in India and China (15 printers in each respective 

country). For each printer, a total of 9 cartridges were tested with a proper mix (3 

each) of original, refilled-once and refilled-twice cartridges.  

 

The test on laser printer cartridge was done in accordance with the ISO/IEC 

19752:2004 standard. The printing environment (temperature, humidity, networking, 

and printer setting) was set-up and maintained as per the standards defined by 

ISO/IEC 19752:2004.  

 

A total of 90 original laser printer cartridges were tested. Similarly, 180 refilled laser 

printer cartridges were tested – among them, 90 cartridges were refilled once 

(Phase I) and 90 of them were refilled twice (Phase II). 

 

The refilling process was conducted both in-shop and on-site5. The laser printer 

cartridges were refilled as per the standard refilling process of refilling brands. The 

troubleshooting of cartridges (whenever required) was done as per the process 

defined by ISO standards. 

 

The number of laser toner cartridges tested was as follows: 

Cartridge Type 

Number of Cartridges 

India China Total 

Original Laser toner 

Cartridges 
45 45 90 

Refilled Cartridges 

(refilled once) 
45 (across 5 brands) 45 (across 5 brands) 90 

Refilled Cartridges 

(refilled twice) 
45 (across 5 brands) 45 (across 5 brands) 90 

Total Laser Cartridges 

tested 
135 135 270 

                                            
5  The refilling was done on-site wherever provided by refilling brands. The refilling prices may vary by ~16% depending 

upon location and refilling brand 
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4 Detailed Results 

4.1 Cost Per Page (CPP) 

The results of the study demonstrated that the original black and white HP inkjet 

cartridges had lower effective cost per page than (have ~10% lower CPP) refilled 

black and white laser printer cartridges. 

 

For original HP inkjet cartridges and original laser printer cartridges published yield 

was verified and used for the calculation of CPP. Tables (1.1) and (1.2) below show 

the CPP (local currency) of original black and white HP inkjet printer cartridges and 

CPP of black and white laser printer cartridges from India and China. 

 

Both Tables 1.1 and 1.2 displayed the comparable information for inkjet and laser 

printer cartridges: 

Table 1.1 India Testing Results 
 

Table 1.2 China Testing Results 

Cartridges 

Average 

Page 

Yield 

Average 

Price 

(INR)** 
 Cartridges 

Average 

Page 

Yield 

Average 

Price 

(RMB)** 

 Laser Cartridge Results 
 

Laser Cartridge Results 

Original 1500 2775 

 

Original 1500 369 

1st Refill  2402 706 

 

1st Refill  2365 93 

2nd Refill  1876 706 

 

2nd Refill  2218 93 

Overall Results 5778 4188 
 

Overall Results 6083 555 

Overall Effective CPP* 0.72 
 

Overall Effective CPP 0.09 

HP Inkjet Cartridge Results 
 

HP Inkjet Cartridge Results 

HP Original Ink 

Cartridge 1 
1600 999 

 

HP Original Ink 

Cartridge 1 
1600 128 

HP Original Ink 

Cartridge 2 
1600 999 

 

HP Original Ink 

Cartridge 2 
1600 128 

HP Original Ink 

Cartridge 3 
1600 999 

 

HP Original Ink 

Cartridge 3 
1600 128 

HP Original Ink 

Cartridge 4 
1600 999 

 

HP Original Ink 

Cartridge 4 
1600 128 

Overall Results 6400 3996 

 

Overall Results 6400 512 

Overall Effective CPP 0.62 
 

Overall Effective CPP 0.08 

* Effective CPP for refilled cartridges also assumed the cost incurred in purchasing the original cartridge 

** Prices of cartridges was based on the actual price paid for original and on-site refilling services 

wherever provided by the refilling brands 
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4.2 Cartridge Reliability 

17% of the black and white laser printer 

cartridges tested were either printing 

with errors or having issues, such as 

black lines, black-stains and premature 

fades. Meanwhile, none of the original 

HP inkjet printer cartridges tested had 

printing issues. Among the refilled laser 

printer cartridges, 22% had black lines, 

black-stains, and premature fades 

during the printing process. 

 

These refilled cartridges were less reliable for places where quality was important 

(Chart: 1.1), and had affected customer experience. The page yield of the refilled 

laser printer cartridges varied from cartridge to cartridge. In certain refilling brands, 

the yield of the refilled laser printer cartridge was well below the yield published by 

OEM. The page yield range of the cartridges refilled once was between 900 and 

4062; whereas the page yield range of the cartridges filled for the second time was 

between 400 and 3276. 

             

4.3 Consistency in Print Quality 

31% of the laser printer cartridges (original and refilled) tested were inconsistent in 

their print quality. In both India and China, black spots, black stains and black lines 

were commonly seen in the pages printed from refilled laser printer cartridges. 32% 

of the laser printer cartridges refilled once produced inconsistent results and 47% of 

the laser printer cartridges refilled for the second time produced inconsistent results 

as well. 

 

The printed pages from the laser printer cartridges often had black spots and black 

lines. Black stains were also present in some pages. This had decreased the 

reliability of these cartridges to produce high quality outputs. In scenarios that 

demanded consistent good quality prints, these refilled cartridges would also add 

to uncertainty and affect customer experience.   

 

4.4 Printing Conveniences 

48% of the refilled laser 

printer cartridges required 

troubleshooting (Chart: 1.2). 

A common troubleshooting 

process involved calling up 

the refilling brands to seek 

their advice in removing 

the black spots and black 

lines. This troubleshooting 

process also added to 

printing downtime. The 

need for troubleshooting 
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was higher for cartridges that were refilled for the second time. 20%6 and 24%6of 

the laser printer cartridges that were refilled once and the second time 

respectively, required troubleshooting. As such, this downtime would hamper the 

productivity of customers who used laser printers with refilled cartridges. 

 

In many refilled laser printer cartridges, the first incidence of fade appeared before 

the first 500 pages. Although the issues were resolved after the troubleshooting 

measures stipulated in ISO/IEC 19752:2004, this had impacted the overall time 

taken to complete the print job. This had also affected the customers’ printing 

experience.  

 

 

 

                                            
6 The percentage for cases, where black dots appeared is not included in these numbers. Hence these numbers are 

lower than the numbers given in chart 1.2 
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5 Appendix  

5.1 Printing Process  

The printing process was followed as per the ISO standards (ISO/IEC: 19752: 2004) 

below:  

 Samsung SCX 3200 series printer was selected on the basis of the market 

share in India and China (IDC Laser Printer Report, Q2’12). 

 All laser printer cartridges (MLT-D1043S) used in the study were procured in 

the respective countries (India and China). 

 The laser toner cartridges were refilled from the top 5 refilling brands. The 

brands were selected on the basis of the market share in India and China 

(based on report by IDC Asia/Pacific Quarterly Printer Consumable Tracker: 

Q2'12). 

 The HP original printer and original cartridges were provided by HP for the 

testing. 

 All printing was tested using standard 80 GSM bond paper as per the ISO 

Standard. 

 The testing of laser printer cartridges was conducted separately in India and 

China. 

 In India and China, 30 printers (15 printers in each country) were procured 

and installed as per Samsung’s user manual. 

 Installation of cartridges was done as per the cartridge installation guide. 

 Printer was set on default printing mode.  

 As per ISO standards, every 100th page was printed from the cartridge which 

was saved for the reference for fade. 

 At the end-of-service-life of any cartridge, every individual page yield of that 

cartridge was recorded. The last fade page was also documented for 

reference. 
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5.2 Printing Environment 

The printing environment was created as per the ISO standards. As illustrated 

below, all printers were kept in hubs. 

 

 

Illustration 1 

5 HP printers installed in one hub 

Illustration 2 

5 Laser printers installed in one hub 

Illustration 4 

Refilled toner cartridge 

to be tested 

Illustration 3 

Test environment  



 

  

Page 11  

 

The pictures below illustrated the opening of an original cartridge. As depicted, the 

original cartridge had some leakage on the packaging. 

 

 

 

Illustration 7 

Original black and white toner cartridge to 

be tested (opened) 

Illustration 8 

HP Original cartridge installed in 

the HP printers 

Illustration 5 

Original black and white laser toner 

cartridge to be tested 

Illustration 6 

Original black and white laser 

toner cartridge to be tested 



 

  

Page 12  

 

5.3 Definitions 

The definitions of the key terms used in the report were listed in the table below: 

Terminology Used Definition 

Pre-mature Failure 

A cartridge that had a page yield of less than 75% of 

the average page yield (as defined below) for that 

cartridge brand. 

Substantial Ink 

Leakage 

 Toner visibly spilled in the plastic bag containing 

the cartridge 

 Toner visibly spilled in the interior of the cartridge 

packaging 

End of Life (EOL) 

A condition determined by 1 of 2 occurrences: 

 Fade has occurred on the diagnostic page. 

 Cartridge is Dead-on-Arrival (DOA). 

Fade 

 A noticeable reduction in density uniformity across 

the page occurred 

 As per ISO Standards 19752: 2004 “In this test, fade 

is defined as a noticeably lighter, 3 mm or greater, 

gap located in the text or boxes around the 

periphery of the test page” 

Test Page Suite 

A series of 100 pages that were printed consecutively in 

order as a single job, ending with a diagnostic page 

(ISO 19752). 

Trouble Shooting 

Ad-hoc actions required by the customers to remedy 

inconsistent print quality. This included: 

 Calling refilling brand executive 

 Removing cartridge from the printer and placing it 

back 

 Regular checks required to see the print quality 

Inconsistent Print 

The print quality would be considered inconsistent if the 

following effects appeared regularly on the printed 

pages: 

 Black Spots 

 Black Lines 

 Black Stains 

 Premature fade 

 Need for regular troubleshooting 

Dead on Arrival (DoA) 

A condition determined by following mechanisms: 

 Cartridge found to have substantial leakage at 

start or during testing 

 10 or less pages printed by a cartridge 
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5.4 Defective Prints 

Some examples of defective prints were shown below: 

 Black Stains 

Stain of toner on the printed pages, as highlighted in the image below: 

 

 

 

 

 

 

 

 

 

 

 

 

 Black Lines and Spots 

Lines and spots through the letter across the printed pages, as highlighted in 

the images below: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

  

Page 14  

 

 Black Spots 

Some black spots as highlighted in the image below: 
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