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Abstract- In Korea, The preliminary feasibility study (kind of ‘Ex-ante’ evaluation) of National R&D program had been 
introduced to demonstrate the feasibility of large-scale, long-term public investment R&D programs and also to enhance fiscal 
efficiency and productivity. In this paper, we presents a result of experimental study to estimate technology life for economic 
analysis of phased R&D programs, required in the preliminary feasibility study. Concerning the technology patents, which is a 
representative outcome of R&D activity, this paper comparatively reviewed the estimation results of technology life time for 
actual patent data and simply derived populations. In our experimental results, the high-value added patents determining the 
economic value of concerned technology field showed some tendency extending technology life time (cycle), so we suggested 
an alternative procedure of technology life time estimation using four different patent populations and samples. By detailed 
review of patents outcomes from some national R&D programs, we verified the possibility (needs) that the technology life 
value of phased R&D programs could be modified in the feasibility study. 
 
Index Terms- Technology life time, Patents populations and samples, Phased R&D program, Feasibility study  
 
I. INTRODUCTION 
 
The Korean government has increased the budget of 
R&D drastically, $4 billion with 197 R&D programs 
in 1999 and increased to $16.7 billion with 639 
programs in 2015. R&D Budget and the number of 
programs increased about 4 times in the fifteen years. 
However, quantitative growth of budget for 
government R&D investment could not secure 
qualitative improvement of the performance of R&D. 
So, the Korean Government wanted to enhance the 
efficiency of R&D investment. Due to the huge budget 
size and complex characteristic of the R&D programs, 
the government has a burden of decision making for 
the investment of a new R&D program. Hence the 
purpose of the preliminary feasibility study 1  is to 
demonstrate the feasibility of large-scale, long-term 
public investment R&D programs and also to enhance 
fiscal efficiency and productivity. 
The fundamental purpose of the preliminary feasibility 
study is to produce important information to help the 
Ministry of Strategy and Finance to decide that the 
government will either do or do not invest in a specific 
R&D Program. In case of a preliminary feasibility 
study on government R&D programs, 3 major criteria 
are applied to measure not only economic effects, 
which are measured in the form of the ratio of output 
against input, but also technological and policy 
effects.  
Economic Analysis consists of sub-criteria such as 
appropriateness of the cost estimation2 and economic 
benefit. Economic benefit is measured by net present 
value, benefit cost ratio. So, it is important to identify 
 
1 This preliminary feasibility study is a kind of ‘Ex-ante’ evaluation 
and it is carried out as for the newly proposed program whose 
budget is over about $50 million and subsidy is over about $30 
Million. 
2 Appropriateness of the cost estimation is to examine the way to 
estimate the total cost of the program and the sub-programs. 

the life period of technology for economic value 
estimation of technology developed through an R&D 
program.  
 

 
Fig.1. A general procedure of the preliminary feasibility study 

 
As the technological advance progress, a developed 
‘new’ technology will be ‘old’ technology and finally 
‘obsolete’, although the technology’s absolute value is 
maintained. And also, the economic benefits of 
technology by R&D activity continuously will be 
diminished, and no economic benefits will be expected 
after a certain period of time. This period of a specific 
technology that become obsolescence is called 
‘economic life’ of the technology.  
Many efforts to estimate the economic life of a 
technology (i.e. technology life, technology life cycle) 
have been carried out in various ways. As the 
viewpoint of patent that is the one of the typical results 
from R&D activity/program, CLT (cited-patent life 
time) and TCT (technology cycle time) 3  are 

 
3 TCT of a patent means the average age of the leading patents of 
this patent, so TCT value of certain patent is median value of 
differences between registration year of this patent and some 
registration years of its leading patents. 
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commonly used index that represent technology life 
cycle. 
In the preliminary feasibility study of the Korea’s 
national R&D programs, precise estimation of 
economic benefits from R&D program is important, 
and the economic benefit analysis of preliminary 
feasibility study, technology life is estimated based on 
patent citation information and TCT index is mainly 
used.  
In this paper, we especially focus on the case that 
technology life of multiple-phased R&D program.  
For example, phase#1 (step.1) of program has been 
carried out during about 3~4 years, and then the start 
of phase#2 (step.2) of program can be determined by 
the review of scientific/technological outcomes (for 
example, patents, research papers, pilot products, etc.) 
So, for the preliminary feasibility study on the phased 
R&D program, we should review on the quality of 
patent outcomes in detail, during former phase of this 
program. If the former phase of program generates 
many high-quality patents, it is necessary to review a 
possibility of ‘modification (extend/reduce)’ of the 
technology life in the feasibility study, on next phase 
of program.  
In this paper, we introduce some cases of preliminary 
feasibility study for phased R&D programs, and 
review the needs to complement their technology life, 
according to performance outcome (patent quality) in 
the former phase of these programs, instead of 
relatively ‘easily-derived’ technology life – TCT 
values. 
 
II. METHODOLOGY 
 
This study introduces a patent analysis procedure to 
estimate technology life of national R&D programs of 
which had produced some patents as R&D outcomes 
during former phase. In this paper, we show three 
R&D program cases, IT-related technology (IoT, 
RFID chip), Bio technology (stem-cell R&D) and 
Energy technology (renewable energy, wind power 
generation). 

 

 
Fig.2. Workflow of estimating technology life for economic 

analysis of phased R&D programs 

A. Grouping 2 patent populations 
We make three normal groups that consists of 2 patent 
populations. Each normal group represents a 
technology fields which related to each R&D 
programs. One population is made from actual patent 
data, and the other is obtained from patent application 
equation and IPC (International Patent Classification,  
WIPO) categories.  
Among patent applications between 1991 and 2010, 
domestic patents for which rights were extinct or given 
up are selected by the patent equation. Patent equation 
is combined form of core keywords related to each 
specific R&D program. This ‘actual’ patent 
population of the R&D programs was derived from 
these selected patents. By using some IPC categories 
related to each R&D programs, ‘simplified’ patent 
population of the R&D programs was derived, which 
is equivalent to the about 80% of the size of actual 
patent population. 
With regard to the three cases of R&D program, we 
get 2 technology life values (TL-value) of patent 
population, TL-value#1(TCT) is calculated from 
simplified patent population, TL-value#2 is actual 
technology life(TL) which is obtained from actual 
patent population by the mean value of life years4 of 
actual patents. As the procedure of calculating TCT 
follows automatic solving process, the procedure of 
calculating TL-value#1 is simpler rather than the 
procedure of obtaining TL-value#2 that is relatively 
time-consuming due to review process of checking all 
actual patents’ life time. 
B. Grouping 2 patent samples  
We make three superb groups that also consists of 2 
patent sample populations (‘samples’). This samples 
are formed by high-quality patents from 2 patent 
populations. Each superb group also represents a 
technology fields which related to each R&D 
programs. And superb group is different with normal 
group, for the point of additional patent-sampling 
process. One samples is made from actual patent 
populations, and the other is obtained from simplified 
patent populations. For organizing patent samples for 
each patent population, we choose widely known 
patent analysis index, in patent assessment analysis 
and use 4 index as follows; number of claims, number 
of inventors, numbers of forward citation (FC) and 
backward citation (BC) and number of patent families. 
These indexes are used for judging and sampling 
quality of patents in actual samples and simplified 
samples:  
Table 1. Criteria for indexing high-quality patents for grouping 

patent samples 

 
 
4  difference between patent extinction/give-up year and patent 
application year 
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With regard to the three cases of R&D program, we 
get another TL-values of patent samples, 
TL-value#3(samples’ TCT) is calculated from 
simplified patent samples, TL-value#4(modified-TL) 
is actual technology life which is obtained from actual 
patent samples by mean value of life years of actual 
patents, as above. 
 

 
Fig.3. Technology life values from 4 patent populations/samples 
 
C. Determine whether to modify technology life 
times 
According to the quality of patent outcomes, we 
determine whether TL-value of each R&D program is 
modified (extend or remain). For more details, we had 
examined patent outcomes of each R&D as follows. 
i) Identify whether the patents produced in the former 
phase(phase#1) of the R&D programs are included in 
the actual patent samples. If so, calculate the ratio.  
ii) Even if not, calculate the number of patents that 
meet the ‘criteria of patent index’, the high-quality 
patent classification criterion.  
iii) If the patent quality ratio meets the criterion (ratio 
exceeds 20%5), that means patents outcomes of former 
phase R&D program are relatively in excellent level, 
we select the technology life (cycle) in the superb 
group. In this case, we will choose TL-value#4 from 
actual patent ‘samples’, in spite of its time-consuming 
process.  
iv) If the patent quality ratio don’t meets the criterion, 
that patents outcomes of former phase R&D program 
are treated as ‘normal’ level, so we select the 
technology life(cycle) in the normal group. In this case, 
we will choose TL-value#1 from simplified patent 
‘population’, because of its simple calculating process.  
In most case of estimating the technology life in the 
preliminary feasibility study, TL-value#1 (TCT value 
from simplified patent population) is commonly used 
in the procedure of economic effects analysis of 
concerned R&D program. 
 
III. RESULTS  
 
In this study, we calculated the technology life values 

 
5 For the results of applying our criterion(#>4) to concerned three 
R&D programs, RFID, stem-cell, and renewable energy, number of 
patents in patent samples is about (top) 20% of patents of original 
population of patents. This criterion in this paper is the empirical 
rule. (may be restricted for these three program cases) 

of population/samples regarding 2500 patents for the 
recent 20 years closely. The analysis results are 
summarized in the table.2 as below. 
For concerned three R&D programs, we calculated 2 
technology life values, TCT (TL-value#1) from 
simplified patent population and actual technology life 
(TL-value#2) from actual population. And we derive 
another 2 technology life values, samples’ TCT 
(TL-value#3) from simplified patent samples and 
actual modified-technology life (TL-value#4) from 
actual patent samples.  

 
 
As a result of estimating technology using both actual 
and simplified6 patent data set, the TCT value from 
simplified data was relatively similar with actual 
technology life value. (TCT follows real tech-life 
value within about 20% range) 
Although this result was experimental results and 
targeting small number of cases (three R&D 
programs), actual technology life(TL-value#2) value 
from data set of extinct patents was relatively longer 
than TCT(TL-value#1) from simplified patent 

 
6 Simplified patent data set is derived by the patent equation. Patent 
equation is combined form of core keywords related to the 
technology of each specific R&D program. 
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population. (Including other cases of not mentioned 
case/programs in this paper) 
If narrow downing the range of data set, from all 
patent populations to patent samples of top 20%, 
actual technology life(TL-value#4) value from 
samples of extinct patents was clearly longer than 
samples’ TCT(TL-value#3), in cases of RFID 
program, Stem-cell program. (Including other cases of 
not mentioned case (programs) in this paper) 
(However, in case of renewable energy, namely wind 
power generation field, actual technology life was 
rather shorter than TCT value.) 
As a result of analyzing the trend of technology life 
values by alternating with total patent populations and 
sampling of top 10~30%, the variations of TCT values 
were not great (relatively ‘consistent’) with small 
deviations, compared to the actual technology life 
values. In other words, this shows that TCT index give 
a reliable level of confidence for estimating 
technology life of concerned technology in 
preliminary feasibility study. 
Calculating technology life from actual patent data is 
more time-consuming process rather than obtaining 
technology life by TCT. However, our experimental 
results of estimating tech-life for high-quality patent 
samples showed that if the quality of patent outcomes 
during former phase is relatively good and guaranteed, 
technology life of certain phased R&D program can be 
modified (extended). That means that the economic 
value of R&D program may be highly estimated for 
the reason of the R&D performance of former phase.   
The results on whether the patents in the former phase 
(phase.1) of R&D programs concerned are included in 
top 20% sample group and whether patent outcomes 
meet high quality patent classification criterion are 
shown in the following table: 
 

Table 3. Rates of high-qualitied patents of concerned R&D 
programs 

 
In the actual preliminary feasibility study, we extend 
the technology life (tech. cycle time) of the RFID and 
Stem-cell R&D programs by a year, each, (from 6 to 7 
years, and from 8 to 9 years). On the other hand, an 
Energy R&D program (wind generation) was reduced 
by a year (from 7 to 6 years)  
(However, we approach the modification of 
technology life of R&D programs carefully, because 
the Government ministry’s strategies of investing and 
supporting R&D programs should be also considered 
in detail) 

 
CONCLUSIONS 
 
In this paper, we presents a result of experimental 
study to estimate technology life for economic 
analysis of phased R&D programs, required in the 
preliminary feasibility study.  
Concerning the technology patents, which is a 
representative outcome of R&D activity, this paper 
comparatively reviewed the estimation results of 
technology life time for actual patent data and simply 
derived populations. 
By detailed-review of patents outcomes from some 
national R&D programs, we verified the possibility 
that the technology life value of phased R&D 
programs could/should be modified in the feasibility 
study.   
In our experimental results, the high-value added 
patents determining the economic value of concerned 
technology field showed a tendency extending 
technology life time (cycle). Therefore, it is necessary 
to consider modification of technology life time 
according to excellence of patents outcomes of R&D 
programs, in the estimation process of technology 
cycle time through TCT.   
Since identifying all patents’ technology life time at 
micro-level (checking all actual patents’ life time) is 
quite time consuming process, and additional cost is 
also needed, so we suggested an alternative (trade-off) 
procedure in preliminary feasibility study: 
If you want to decide whether TL of phased program 
can be extended in next phase, 1) first you derive 
simplified patents’ population and samples in related 
technology field, 2) and if program’s patent outcomes 
relatively meets the our criterion, then you can sample 
the high-quality patents (maybe top 20%) from actual 
patent samples(population) and can choose extended 
technology life value stage in spite of the 
time-consuming problem. 3) and if program’s patent 
outcomes doesn’t meet the criterion, then you can 
choose TCT value commonly used relatively 
‘easily-derived’ technology life, from simplified 
patent populations. (like a general approach for 
economic value estimation of the preliminary 
feasibility study) 
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