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Abstract. Quality Testing Laboratory is a central geothermal laboratory at PT XYZ. In 2020
the company implement centralization policy which led to significant increase of gas analysis
demand, resulting in 45% of gas analysis were not complied with laboratory service level agree-
ment (30 days). This study focuses on analyzing lead time and wastes in geothermal gas testing
and provide improvement suggestion. This study utilizes lean concepts through value stream
mapping. The results indicate that the current state value stream mapping shows a process effi-
ciency of 10.39%, a total lead time of 1068.38 minutes, non value added time of 1049.67 minutes,
and value-added (VA) time of 111.03 minutes. The highest waste is delay/waiting (675.90
minutes), evidenced by high batch size for each analysis activity. The improvement suggestions
are two scenarios of FS VSM. Scenario 1 provides process of optimization through one-piece
flow implementation. Scenario 2 provides process optimization through one-piece flow imple-
mentation, increase equipment utilization & technology, and additional personnel. FS VSM 1
provides a process efficiency of 27.55%, a total lead time of 376.08 minutes, NNVA and NVA
0f 358.073 minutes, VA of 103.79 minutes, with an estimated implementation without additional
operational and investment costs. FS VSM 2 offers a process efficiency of 68,36%, a total lead
time of 94.642 minutes, NNVA and NVA of 75.932 minutes, an estimated implementation time
of 12 months, with estimated investment cost Rp 2.295.000.000 in the first year with BCR 1,98
in ten years.
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1 Introduction

Quality Testing Laboratory is a geothermal testing laboratory owned by PT XYZ that
perform based on ISO 17025:2017. In 2020, the company has started a centralization
policy. Geothermal Laboratory of PT XYZ in various areas across Indonesia were ter-
minated for analysis activity and only focus on sampling activity while Quality Testing
Laboratory covered various samples from all areas in Indonesia as the central labora-
tory. During transition period, this policy has caused significant increase in analysis
demand up to 77% from total quantity of water samples and 138% from total quantity
of gas samples in Quality Testing Laboratory. If laboratory didn’t renegotiate with cus-
tomer about current load and resources, 45% demand has more lead time than standard
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of commitment. Laboratory commitment is 30 days since service level agreement
(SLA) is signed by customer and laboratory.

Geothermal gas testing is one of activity to determine Non Condensable Gas com-
ponents in steam as a supply of geothermal power plant to generate green electricity.
Geothermal gas testing consists of analysis services for the parameter of hydrogen (H2),
argon (Ar), oxygen (0O), nitrogen (N»), methane (CHs), carbon dioxide (CO,), hydro-
gen sulfide (H»S), and ammonia (NH3) in matrix of gas geothermal. Data of geothermal
non condensable gases are important in exploration and exploitation to develop geo-
thermal power plan industry and unlock other potential value. In production state, data
of non condensable gases have correlation directly to vacuum process in condenser,
reducing turbine efficiency, and decreasing the total power output of the geothermal
power plant. (Sufyana et al, 2023)

Table 1. Previous Research

Author/Year Title Method Result
Napitu, Kris- Analisis Waste Lean Manu- Four types of wastes
tina Fitri Reduction di PT facturing, were identified in the
Handayani XYZ Value Stream  S23N production line:
(2022) menggunakan Mapping, defects, motion, wait-
metode Value Waste Reduc- ing, and overpro-
Stream Mapping  tion, Fish  cessing. Improvement
Bone Dia-  to reduce waste were
gram, Process made by eliminating
Activity Map-  touch up process
ping through the standardi-
zation of repair process
which successfully re-
duced lead time from
29 days to 22,5 days.
Delvinna Penerapan Value Lean, Value 1In the laboratory ser-
(2020) Stream Mapping Stream Map- vices of Dharma
Guna  Mengu- ping Nugraha Hospital,
rangi Waste 20.26% of activities
pada Pelayanan were identified as non-
Laboratorum value added based on

Unit Hawat Da-
rurat di Rumah
Sakit  Dharma
Nugraha

current state mapping.
After improvements,
the future state map-
ping showed a reduc-
tion in process time
form 4.015 seconds to
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3.725 seconds. Work
efficiency increased
from 93.7% to 99.1%.

Sagita, Pen- Application of Lean Think- The highest waste
dra; Moses Lean Thinking in ing, Value identified was delay
Laksono Reducing Turn Stream Map- (waiting) at 82,97%
Singgih Around Time on ping,  Fish- and transportation at
(2020) the Quality Con- bone Dia-  3,75%. The solution in
trol Process at gram, Waste the future state map,
Nickel Pro-  Reduction through the installation
cessing Plant of real time analyzer
can reduce turnaround
time by 98,52%
Putra, Faine Analisis Efisiensi Lean Think- The average efficiency
Leroi Proses  Distri- ing, VALSAT, of the distribution sec-
Pratama busi Dengan Value Stream tion in 2018 was 0.976.
(2019) Metode Data En- Mapping The proposed improve-

ments include layout en-
hancements, providing

velopment Anal-
ysis (DEA) dan

Pendekatan education and infor-
Lean Thinking di mation to employees in
PT POS Indone- the product processing

and distribution sections
of MPC, and eliminat-
ing certain processes
deemed to have no
added value. The lead
time was reduced from
200 minutes to 161
minutes.

sia (Persero)

Based on Table 1, lean concept is proven concept with supporting tools and efficient
framework to increase the deliverability (lead time) and quality service to customers.
The concept effectively reduce lead time in manufacture and service sector is lean con-
cept from Toyota’s ways. Lean optimize speed of process, provide tools to identify
value added activities and non value added activities, and simplify flow process.
(George, 2003).

This study focuses on analyzing total service time (lead time) and waste in geother-
mal gas testing at Quality Testing Laboratory of PT. XYZ (green energy laboratory).
The expected result of this study is proposed improvements in the form of Future State
Value Stream Mapping as an effort to reduce total service time (lead time) and waste.
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2 Method

2.1  Gas Geothermal Testing

Gas Geothermal Testing is laboratory service to analyze non condensable gas in geo-
thermal sample. Quality Testing Laboratory adopt and develop non condensable gas
analysis in geothermal system. Parameter of hydrogen (H2), argon (Ar), oxygen (O»),
nitrogen (N»), and methane (CH4) are analyzed by Gas Chromatography (GC Analysis)
method. Carbon dioxide (CO») is analyzed by acid-base titration & NDIR method. Hy-
drogen sulfide (H»S) is analyzed by iodometric titration. Ammonia (NH3) is analyzed
by spectrophotometry-nesslerization.

2.2 Value Stream Mapping

Value Steam Mapping is a lean method to identify of activities based on information
and material flows. (Liker J. L., 2021) Both information and material flows are ob-
tained through standard operational procedures that implemented in the laboratory. The
flows are illustrated in value stream mapping current condition. Parameter time of ac-
tivities and wastes are classified based on Process Activity Mapping observation form
that it is resulted from genba. Value steam mapping is defined as a set of specific ac-
tivities within a supply that are necessary for designing, ordering, establishing a specific
product or value.

Data of cycle time, setup time, change over time, number of inventories, number of
operators, distance of each activity, and waste identification are gathered from obser-
vation of detailed mapping tools result. Activities are classified into value added, non-
value added, and necessary but non value added activity. Overall result of field data
analysis is captured by current state value stream mapping to describe current condition.
Takt time (equation 1) is used to measure the rate of customer demand in the process
of synchronizing the analysis service with customer needs.

Available Time

Takt Time =
l Customer Demand

Total Lead Time =), NVA+ Y, NNVA + Y} VA (2)

Total Process Time = Total Cycle Time = ), VA (3)

Process Efficiency = Total Process time 100%(4)

Total Lead Time

Cycle Time
Average C/T = —————
g Average batch size ( )
Change Over Time
Average C/Q = —R92 ZVeT [T ()

Average batc size
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2.3  Wastes

There are wastes that can be identified as non value added activities based on customer
needs. They are Overproduction, Waiting/ Delay, Unnecessary transport or convey-
ance, Overprocessing, Excess Inventory, Unnecessary Inventory, Unnecessary Move-
ment, Defects. (Liker, 2021)

3 Result and Discussion

3.1  Current State Value Stream Mapping.

Information flow in Quality Testing Laboratory is based on standard operational pro-
cedures and quality compliance that follow ISO 17025:2017 principles. Information
and material flow is described in figure 2. Based on database, demand data in one year
period (July 2021-May 2022) is described in figure 1.

Total 670
average/month 60,90909091
Total demand 77

g __per year
2 Average 6417

s demand per
H s
e Average 861
- sample per
k _demand

Fig. 1. Demand of Gas Analysis (July 2021-May 2022) and recapitulation

Current state value stream mapping describes that geothermal gas testing service is
batch activity from end to end process, start from sample reception, GC Analysis (Ho,
Ar, Oy, N2, CHy), HoS Analysis, CO, Analysis, NH3 Analysis, %NCG Calculation, Data
Verification, Generating report & Validation, Register Report & Submission. Labora-
tory analyst commonly run the process based on batch process and multiple activity of
analysis.
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ot o ddfe o ddie \".‘ 1d7e o M Sample handling to storage E
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0,139 day (49,95 Mif) 1211 ey (435,09 min) 0,74 tiay (96, 57 min & 5y (170 mal Do o (20859 i) WUS2 s (LL 9 Pink 0047 s (17 i 6342 iy (15,96 i &
871 min | 255 min 774 min 5. min wsgmn || 1mmn 15 min 10 min 10 min
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1a: Asst Manager Technical 1t Admin Stail 10 : Analyst 2
1h: Manager Laboratory 1d  Anatyst 1

Fig. 2. Current State Value Stream Mapping
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32 Waste Identification

The data of time activities are collected based on field observations and standard
operating procedures (SOP). Result of activities in Process Activity Mapping are eval-
uated and classified based on Non-Value Added (NVA), Non-Value Added but Neces-
sary (NNVA), Value Added (VA). The activities are identified into operation (O),
transportation (T), inventory (I), storage (S), and delay (D) classification. Process Ac-
tivity Mapping summary of each gas analysis steps are tabulated in table 2. Waste data
is shown in figure 4. The highest total NVA & NNVA time is delay/waiting (4 activ-
ities, 675.90 minutes).

Table 2. Current State VSM — Process Activity Mapping Summary

[0} 1 S D Total
NVA Total 0 0 0 3 4
Time (min) 0 1,74 0 0 662,1 663.842
NNVA Total 16 8 1 2 33
Time (min) 74,34 5,69 9,26 45 15,29 149,58
VA Total 7 0 2 0 0 8
Time (min) 55,41 0 11,74 0 0 67,152
Total activities 46
Total Time (min) 258,21
Available Time (mins/month) 6480
Takt Time (mins/sample) 106,2
= 1000,00 675,90
E, 500,00
g 67,24 470 17,76 45,00
= 0,00
N Operation MTransportation MInspection M Storage Delay (a)
__ 1000 675,9
E 508 - 83,6 4,7 I (b) “
£ Delay / waiting Overprocessing  un-needed
M L transportation u

Fig. 3. Waste Identification (a) PAM (b) 7 Wastes

Based on observation of fig 2, root cause of waste of delay/waiting is caused by
batch paradigm in analyst activities. Samples are waiting until quantity of batch is ful-
filled in each stage (step) of analysis. Limited of human resources is also as a cause
delay/waiting, because one analyst handle multiple task of stage analysis.

3.3 Bottleneck Analysis and Waste Identification

The longest cycle time and per unit processing time principally is the bottleneck of
whole process gas analysis. Based on figure 4, the highest cycle time is NH;3 analysis,
and takt time limit value is above value of each gas analysis activity. Thus, NH; is
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decided as a bottleneck based on cycle time and per unit processing time parameter.
Special case is occurred when gas analysis requires gas chromatography (GC analysis)
must be performed at the first gas analysis (contamination issue). The result condition
makes H»S and NHj3 are above takt time value. Thus, GC analysis is decided as special
case bottleneck.

Takt Time= 1,77 hr /sample (106,2 min/sample)

100
80

60

40

il

0 m-M -ull mm B0 sm ul

Sample GC Analysis H2S co2 ONCG Data Validation Report
Unloading Analysis  Analysis m alysis Calculation Verification ~ and  Registration
Reporting and
Delivering
to Cust

mCycleTime mChange OverTime m Per Unit Processing Time  m Per Unit Processing Time +GC

Fig. 4. Bottleneck Analysis

3.8 Future State Map Scenario 1 and Scenario 2

Bottleneck & waste identification result analysis are the major problem that should
be improved in laboratory at PT XYZ. Future State Map scenario 1 is proposed by
implementing one piece flow as lean concept. Minimize number of inventory or batch
size that require in Future State Map Scenario 1. Delay/waiting time is reduced by con-
tinuous flow of sample and makes H,S, and CO, analysis run parallel (figure 5). Future
State Map Scenario 2 (figure 6) is proposed as advance one piece flow option to fulfil
fluctuates of demand by increasing capacity. Minimizing batch size is performed to
decrease delay/waiting time. Increase 2 additional manpower to utilize automation of
NH3 preparation and second GC instrument is required to make shorter cycle time of
GC analysis and NH3 analysis. Dedicated manpower increase available time to 120
hours/month (7200 mins).

Table 3. Summary of VSM

Capacity VA NVA & Total Lead % %
(sample (minutes) NNVA Time Process Improve-
/month) (minutes) (minutes) Effi- ment
ciency
Current 6 111,03 1049,67 1068,38 10,39 0
State Map
Future State 17 103,79 358,073 376,08 27,55 265,06
Map- Scenario 1
Future State 76 84,54 75,932 94,64 68,36 657,94

Map-Scenario 2
Note: Calculation CS VSM estimates without overtime and assistance from other
backup operators.
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0,108 day

Fig. 5. Future State Map Scenario 1
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Fig. 6. Future State Map Scenario 2

The Benefit Cost Ratio calculation was carried out and the index result was 1.98
(company interest rate 10%) in accordance with the financial evaluation and table 4.
PV of Cash Inflow is calculated as potential recovery loss if Laboratory request external
laboratory services in ten years. PV of cash outflow is calculated based on investment
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cost, maintenance-calibration cost, consumable material cost, manpower cost, and de-
preciation in ten years. This shows that the difference of profits each year is greater
than the costs incurred, so the proposed Future State Map 2 is feasible.

Table 4. Financial Evaluation

PV of Cash Inflow IDR 30.608.936.908
PV of Cash Outflow IDR (15.488.462.181)
Net Present Value IDR 15.120.474.727
Benefit Cost Ratio index 1,98

4 Conclusion

Based on the study result, following conclusions are obtained:

a. Factors contributing to the high total lead time in geothermal gas analysis at Qual-
ity Testing Laboratory of PT XYZ is caused by NVA & NNVA delay/waiting due
to the accumulation of sample inventory in each analysis activity (675.90 mins).

b. Proposed 2 scenario of future state map to reduce the total lead time in geothermal
gas analysis at Quality Testing Laboratory of PT XYZ. Scenario 1 involves the
implementation of a one-piece flow by reducing batch size resulting in a total lead
time of 1,04 days and process efficiency of 27,55%. Scenario 2 involves the im-
plementation of one-piece flow by reducing sample inventory, adding operators,
and increasing the utilization of GC and NH3 Analyzer equipment. Scenario 2 is
projected to achieve a total lead time of 0,26 days (94.642 mins) with a process
efficiency of 68,36% (BCR 1,98 in 10 years).

References

1. Bruce, P., Bruce, A., & Gedect, P. Pratical Statistic for Data Scientists. In: O'Reilly Media,
Inc. Sebastopol.(2020)

2. Delvinna. Penerapan Value Stream Mapping Guna Mengurangi Waste Pada Pelayanan
Laboratorium Unit Gawat Darurat di Rumah Sakit Dharma Nugraha. In: Universitas Mercu
Buana. Bekasi. (2020)

3. EBTKE. Penuhi Kebutuhan Listrik 2060 dan Capai NZE, Kementerian ESDM Optimalkan
Pemanfaatan Energi Bersih. Retrieved from Direktorat Jenderal Energi Baru Terbarukan
dan Konservasi Energi (EBTKE):
https://ebtke.esdm.go.id/post/2021/09/20/2967/penuhi.kebutuhan.listrik.2060.dan.capai.nz
e.kementerian.esdm.optimalkan.pemanfaatan.energi.bersih (2021, September 20)

4. George, M. L. (2003). Lean Six Sigma For Service. In: McGraw-Hill Companies. New York.
(2003)

5. Hines, P., & Rich, N. The Seven Stream Mapping Tools. In: Lean Enterprice Research
Centre. (1997)

6. Liker, J. K. The Toyota Way: 14 Management Priciples From The World's Greatest Manu-
facturer. In: McGraw-Hill. New York. (2004)



16 M. 1. Alkindi and D. D. Rochman

7. Liker, J. K., & Choi, T. Y. Building Deep Supplier Relationships. Harvard Business Review,
7.(2004)

8. Liker, J. L. The Toyota Way, 2nd Edition, 14 Management Principles from the World's
Greatest Manufacturer. In: Mc Graw Hill. New York. (2021)

9. Lopez, E. A., Requenaa, 1. G., & Lobera, A. S. Lean Service: Reassessment of Lean
Manufacturing for Service. In: Procedia Engineering, 23-30. (2015)

10. Napitu, Kristina Fitri Handayani. Analisis Waste Reduction di PT XYZ menggunakan metode
Value Stream Mapping. In: Universitas Widyatama. Bandung. (2022)

11. Putra, F. L.. Analisis Efisiensi Proses Distribusi Dengan Metode Data Envelopment Analysis
(DEA) dan Pendekatan Lean Thinking di PT POS Indonesia (Persero). In Universitas
Widyatama. Bandung (2019)

12. Sagita, P., & Singgih, M. L. Application of Lean Thinking in Reducing Turn Around Time
on the Quality Control Process at Nickel Processing Plant. IPTEK Journal of Proceedings
Series No.6, 177-182. (2020)

13. Sufyana, C.M., Akbar, F.T. & Srigutomo, W. Thermal Modelling and Simulation of a single-
flash Geothermal Power Plant Involving Non-Condensable Gas: A case study of Kamojang
Geothermal field in Garut, West Java, Indonesia. In: Geothermal Energy 11, 6. (2023)
https://doi.org/10.1186/s40517-023-00249-3

14. Tsai, E. R., Andrei N, T., Demitras, D., Boucherie, R. J., Jonge, R. d., & Rijke, Y. B. 4
Critical Review of Laboratory Performance Indicators. Critical Reviews In Clinical
Laboratory Sciences, Vol. 56 No. 7,458 - 471. (2019)

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.


http://creativecommons.org/licenses/by-nc/4.0/

	ANALYSIS OF GEOTHERMAL GAS TESTING SERVICE TIME USING VALUE STREAM MAPPING AT QUALITY TESTING LABORATORY



