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Abstract
 

Saltworks integration is one of the government’s e൵orts as a breakthrough 
in saltworks technology innovation. Saltworks integration in Pati Regency 
has been conducted for 4 (four) years starting from 2017 to 2020. The aim 
of this research was to analyze the sustainability of saltworks integration 
in terms of ecological, technological, economic, social, and institutional 
(ETESI) aspects. The research was conducted for 9 (nine) months from 
March to November 2020. The research locations for saltworks integration 
were in Raci Village - Batangan Subdistrict, Genengmulyo Village - Juwana 
Subdistrict, Tluwuk Village - Wedarijaksa Subdistrict, and Kertomulyo 
Village - Trangkil Subdistrict. Sustainability analysis was performed 
using Rapfish method. Through the R software, the anchor was created 
automatically so that users only need to input data through Microsoft Excel, 
then the Rapfish analysis was carried out automatically by the R software. 

The results of the sustainability index analysis of saltworks integration 
in the ecological aspects of Raci Village, Batangan Subdistrict showed 
a sustainable index value. Genengmulyo Village - Juwana Subdistrict, 
Tluwuk Village - Wedarijaksa Subdistrict, and Kertomulyo Village - 
Trangkil Subdistrict had an opportunity of attaining su൶ciently sustainable 
status by considering indicators that a൵ect its sustainability. Technological, 
economic, social and institutional aspects in all villages, where saltworks 
integration was located, showed a su൶ciently sustainable status.
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1. Introduction

Sustainability is a part of a process in anactiv-
ity and sustainability is an e൵ort to carry out strategies
for human-nature relations (Kopnina,  2017). Saltworks
activity is an activity that continues to exist and is very
much integrated in the community. Salt are goods that
do not have a substitute (substitution goods), thus the
demand is continuous. Di൵erent from the programs / ac-
tivities in saltworks activities which are always chang-
ing, changes in programs and policies of saltworks de-
pend on the leadership in an agency / institution (Nayar
et al., 2019). One of the new activities in the saltworks
activity is the saltworks integration. Saltworks
integration is a part  of Community Salt  Business Deve-
lopment  activities  called Pengembangan  Usaha  Garam

(PuGar). Saltworks  integration is  the  unification of  the
place  and  process  of  salt production  in  a  unified
expanse  of  land  with  a  minimum limit  of  15  (fifteen)
Ha  (Ministry  of  Marine  A൵airs  and Fisheries, 2020).
Saltworks  integration  activities  is  to improve  the
welfare  of  salt  farmers  (Fernandes et  al.,
2020; Muhandhis et al., 2021). The success of saltworks
integration through an approach for increasing produc-
tivity, quality, continuity, and business institutions (cor-
poratization).

Pati Regency is one of the Regencies that has 
carried out saltworks integration activities since 2017.
It is hoped that in the future Pati Regency can become a 
salt city. Saltworks integration has positive and negative 
impacts. Saltworks integration has advantages regard-
ing environmental sustainability (Soares et al., 2018).
Salinity conditions in saltworks also have an impact on 
biology and pond conditions (Ladhar et al., 2015), bio-
diversity and human sustainability. Sustainability of salt 
production is determined by physical and biological fac-
tors, in which physical factors are a൵ected by seawater 
evaporation which is inÀuenced by weather, while bio-
logical factors are supported by the presence of various 
organisms (Vieira and Bio, 2011). The low level of tech-
nological innovation and environmental integration can 
a൵ect the sustainability of quality salt production, i.e.,
the process of water conditions (Liyanaarachchi et al., 
2014), management relationship on the physical conditi-
on of  ponds and humans (Rocha et al., 2012). The  sus-
tainability is also supported by the existence of seawater
basins  as  the  first  step  before being distributed in salt
pond  basins  (Rodrigues et al., 2011)  and management 
of distribution irrigation soil conditions

(González-Alcaraz et  al., 2015). The  utilization  of
water  can be used as  a  consideration  of  economic  and
environmental  sustainability  indicators  (Sainz-López,
2017). Saltworks  activity  is  a  business  that  has  risks
(Sudaryana  and  Pramesti, 2018). The  factors  that
inÀuence  salt  production, among  others, are  the
uncertain  climate (Costa et  al.,2015) and  there  is  no
guarantee  of  the  price  of  salt. Salt  farmers  are  people
who  are  a൵ected  by  erratic  saltworks  activity. The
government  and  other  stakeholders  are  trying  to  be
present to solve this problem because the salt policy is
a  macro  policy  that  requires  treatment  from  several
related agencies (Suhendi et al., 2020).

Saltworks integration is one of the govern-
ment’s e൵orts as a breakthrough in saltworks technol-
ogy innovation. The saltworks integration activity is
one of the processes of the PuGar program that must
be reviewed for its sustainability. A sustainability strat-
egy for saltworks integration is required for program
achievements. Saltworks integration in Pati Regency
has been running for 4 (four) years, and the level of sus-
tainability of saltworks integration needs to be exam-
ined. The dimensions of sustainability include ecology,
economy, socio-culture, technology, and institutions in
order to achieve sustainable salt exploitation (Ariyani
et al., 2020). The existence of technology with a hy-
brid system can be applied as a sustainable management
of  salt  water  desalination  (Panagopoulos, 2020). Cli-
mate change can also a൵ect the sustainability of farm-
ers’ salt production (Kurniawan and Zulham, 2020).
Ecologically, ponds can be beneficial for small fish and
crustaceans, Artemia  (Nguyen et  al., 2020). Sustainabil-
ity of saltworks integration in the technological aspect
by placing the location of saltworks integration close to
the sea and the distance from the beach not exceeding
3,000 m, in accordance with the statement of the tech-
nical guidelines for saltworks integration implemen-
tation with the assistance of Field Fisheries Extension
(FFE), Auxiliary Fisheries Extension (AFE) so that the
salt quality can meet industrial salt standard according
to SNI 4435:2017. Other studies have also revealed that
the distance between the glass and the surface of the wa-
ter can facilitate evaporation and easy removal of salts
that have deposited with water that overÀows from a
sloping surface (Patel et al., 2019). The sustainability
of saltworks integration is an e൵ort to study and assess
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sity for saltworks integration activities, wind speed for 
the saltworks integration production process.  

Economic aspects included salt productivity 
from saltworks integration, saltworks integration pro-
duction process costs, availability of capital for salt 
farmers (land owners), leasing costs for pond land of 
saltworks integration, transportation costs from ponds 
to roads / warehouses, average income of saltworks in-
tegration salt farmers, average income increase of salt-
works integration salt farmers, di൵erence in traditional 
salt prices and saltworks integration salt prices, labor 
e൶ciency in the saltworks integration area.

Social aspects included potential conÀicts 
between saltworks integration farmers and traditional 
farmers, potential internal conÀicts of saltworks inte-
gration farmers, profit sharing systems for salt farmers 
(cultivators) and fish/salt pond owners, number of re-
cipients (people who benefit from saltworks integration 
support) in 1 (one) group, the length of domicile of salt 
farmers, experience of salt farmers in the salt produc-
tion process, the inÀuence of the salt cooperatives ex-
istence for the SRG system management, the inÀuence 
of the group existence for the salt production manage-
ment, the inÀuence of the middlemen existence for the 
salt production management, the inÀuence of the SMIs 
existence for the salt processing, the inÀuence of the 
policy on the import of salt. 

Technological aspects included the main em-
bankment height of the pond for saltworks integration, 
the width of the pond galleys for saltworks integration, 
the size of the crystallization table, the water height on 
the crystallization table, the distance between the sea 
and land of saltworks integration, the harvesting period/
the appropriate collection process for the results of salt-
works integration, the NaCl content (adbk) of the salt 
resulted from the saltworks integration.

Indicators for the sustainability of saltworks 
integration in institutional aspects include the number 
of socialization and assistance from the Ministry of 
Marine A൵airs and Fisheries  for salt farmers receiving 
saltworks integration, the number of group members 
to hold meetings to support the good implementation 
of saltworks integration, the number of managers for 
the production process at the crystallization table, the 
number of salt buyers / traders of the saltworks inte-
gration, the inÀuence of the salt cooperatives existence 
for the SRG system management, the inÀuence of the 
Village Owned Enterprises existence for salt production 
management, the inÀuence of the groups existence for 
salt production management, the inÀuence of the mid-
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the continuity of the salt business in terms of several
aspects. Sustainability aspects include ecological, tech-
nological, economic, social, and institutional (ETESI)
aspects. This sustainability analysis is presented in a
sustainability index which reÀects the status of the sus-
tainability of the program implementation based on cur-
rent conditions. These aspects were studied so that the
impacts on the sustainability of saltworks integration
are determined. The  aim  of  the  research is to analyze
the sustainability of saltworks integration in terms of
ecological, technological, economic, social, and institu-
tional (ETESI) aspects.

2. Materials and Methods

2.1 Description of the Study Sites

This research was conducted in Pati Regency,
Indonesia, with a productive salt land area of 2,901.62
Ha. The area of productive salt land in Pati Regency is
spread over 4 (four) Subdistricts which are concentrated
in 21 villages. The location of the saltworks integration
includes Raci Village - Batangan Subdistrict, Geneng-
mulyo Village - Juwana Subdistrict, Tluwuk Village
- Wedarijaksa Subdistrict, and Kertomulyo Village
- Trangkil Subdistrict. The total area of the integrated
saltworks area was 293.59 hectares. The total area of the
sample for integration land was 72, 54 Ha or (25%) of
the area of saltworks integration in Pati Regency.

2.2 The Research Material

The research material used was primary data
and secondary data. Primary data was obtained from
direct observations in the field. Secondary data was
data obtained indirectly by study of the literature, books
and documents from related agencies. Relevant agen-
cies include the Marine and Fisheries Service, Indus-
try and Trade Service, Development Planning Agency
at Sub-National Level (Bappeda), Statistics Agency,
Meteorology, Climatology, and Geophysical Agency
(BMKG) and other agencies. The research was conduct-
ed for 9 (nine) months from March to November 2020.

2.3 Aspects of the Sustainability Indicators of Salt-

works Integration

Ecological aspects included the type of pond
soil for the integration of saltworks, water temperature
in the pond for the saltworks integration production pro-
cess, the degree of baume (Be) for the reservoir (em-

bung) location, the degree of baume (Be) for the seed-
ing location, the degree of baume ( Be) for the location
of the crystallization , long exposure to sunlight for the
saltworks integration production process, rainfall inten-



Table 1. Index and Status of Sustainability

Index Value Category

00.00 -25.00 Poor: Not sustainable

25.01-50.00 Less: Less sustainable

50.01-75.00 Su൶cient: Su൶ciently sustainable
75.01-100.00 Good: Very sustainable

 source: Kavanagh and Pitcher (2004)

3. Results and Discussion

3.1 Sustainability of Saltworks Integration in Eco-

logical Aspects 

The value of the saltworks integration sustain-
ability index in the ecological aspects shows the value 
of the saltworks integration sustainability index in the 
ecological aspects (Figure 1). For Raci Village - Batan-
gan Subdistrict, the value of the sustainability index was 
77.79 with the status of sustainable saltworks integra-
tion because the index value was >75. Genengmulyo 
Village - Juwana Subdistrict had a sustainability index 
value of 65.62. Tluwuk Village - Wedarijaksa Subdis-
trict had a sustainability index value of 58.24. Kerto-
mulyo Village - Trangkil Subdistrict had a sustainability 
index value of 72.01. Genengmulyo Village - Juwana 
Subdistrict, Tluwuk Village - Wedarijaksa Subdistrict, 
Kertomulyo Village - Trangkil Subdistrict had a suf-
ficiently sustainable status with an index value of 50 
- 74.9. Based on the ecological aspect, Raci Village - 
Batangan Subdistrict has the opportunity for sustainable 
saltworks integration. Genengmulyo Village - Juwana 

Subdistrict, Tluwuk Village - Wedarijaksa Subdistrict, 
and Kertomulyo Village - Trangkil Subdistrict had an 
opportunity of su൶ciently sustainable by considering 
the indicators that a൵ect its sustainability.

Figure 1. Sustainability Index Value and Leverage Anal-
ysis of Saltworks Integration in Ecological Aspects.

Note: E1 = wind speed, E2 = rainfall intensity, E3 = long 
exposure to sunlight, E4 = degree of baume ( Be) for the lo-
cation of the crystallization, E5 = the degree of baume (Be) 
for the seeding location, E6 = the degree of baume (Be) for 
the reservoir (embung) location, E7 = water temperature, E8 
= type of pond soil
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dlemen existence for post-production management, the
inÀuence of the Small and Medium Industry (SMIs)  ex-
istence for salt processing, the inÀuence of the policy
of salt import. The index and sustainability status are
categorized from poor to good (Table 1). The review of
the  sustainability  of  saltworks  integration  in  the
ETESI  aspects  is  based on the  value  / score  of  each
indicator and sub-indicator so that it shows a picture of
the sustainability of salt integration.

2.4 Data Analysis

Implementation of a sustainability analysis was
performed using Rapfish method. Through the R soft-
ware platform, the anchor was created automatically, so
that users only need to input data through Microsoft Ex-
cel, then the Rapfish analysis was carried out automati-
cally by the R software. Rapfish software was designed
to assess the sustainability status of a system on a poor
to good scale. The tipping point on Rapfish is the attri-
bute chosen to rank on a particular dimension.



Leverage analysis in ecological aspects a൵ects the sus-
tainability of saltworks integration. The highest Lever-
age analysis value was on 3 (three indicators) as follows 
the duration of sun exposure for the saltworks integra-
tion production process with a Leverage value of 1.38, 
the degree of baume (Be) for the reservoir location with 
a Leverage value of 1.37, and rainfall intensity for salt-
works integration activities with a Leverage value of 
1.24.  The duration of irradiation and rainfall a൵ected 
the process of evaporation of seawater into crystalliza-
tion of salt. The longer the sun is exposed, the evapo-
ration process is faster, and the more crystallization of 
salt settles. Salt production is heavily inÀuenced by the 
weather (Jiang et al., 2019). The degree of baume (Be) 
at the reservoir location is the starting point for the Be 
content at the seeding site and the crystallization table. 
In the integrated production process, the water is Àowed 
through FTT (Filter Thread Technology). The higher the 
Be content entered at the reservoir location results in the 
greater percentage of salt (NaCl) content on the crystal-
lization table (Nariyoshi et al., 2016; Misyura, 2020). 
The NaCl content in the salt depends on the location 
where the sea water was taken (Geng et al., 2016; Jiang 
et al., 2019). The increase in temperature can a൵ect the 
phenomenon of salt farmers, so farmers must have ad-
aptation strategies (Kurniawan and Zulham, 2020).

3.2 Sustainability of Saltworks Integration in Tech-

nological Aspects

The sustainability index analysis of the salt-
works integration and the Leverage analysis in the tech-
nological aspects were analyzed using the Rapfish anal-
ysis of R program (Figure 2). Raci Village - Batangan 
Subdistrict had a sustainability index value of 74.36. 
Genengmulyo Village - Juwana Subdistrict had a sus-
tainability index value of 57.84. Tluwuk Village - We-
darijaksa Subdistrict had a sustainability index value 
of 54.36. Kertomulyo Village - Trangkil Subistrict had 
a sustainability index value of 74.95. The value of the 
saltworks integration sustainability index in the technol-
ogy aspects shows that all saltworks integration villages 
were su൶ciently sustainable with an index value of 50 
- 74.9.

Leverage analysis on the technological aspect 
a൵ected the sustainability of the saltworks integra-
tion. The Leverage analysis in the technological aspect 
showed the highest value on 3 (three) indicators, includ-
ing the di൵erence in the distance between the sea and 
land of saltworks integration with a Leverage value of 
2.68. The closer sea distance to the saltworks integration 
area results in better salt quality. The suitable distance 
between saltworks integration and the sea was <3,000 

m. This is in agreement with the statements of Auliyah 
and Latjolai (2019) that the distance of saltworks land 
from the sea / coast of 300 - 1000 m shows a very suit-
able indicator.

Figure 2. Sustainability Index Value and Leverage 
Analysis of Saltworks Integration in Economic Aspects.
Note: EC1 = Labor e൶ciency in the saltworks integra-
tion area, EC2 = average income increase of saltworks in-
tegration salt farmers, EC3 = average income of saltworks 
integration salt farmers, EC4 = availability of capital for salt 
farmers (land owners), EC5 = transportation costs from ponds 
to roads / warehouses, EC6 = leasing costs for pond land of 
saltworks integration,  EC7 = Saltworks integration produc-
tion process costs,  EC8 = Salt productivity from saltworks 
integration, EC9 = di൵erence in traditional salt prices and 
saltworks integration salt prices.

	 Crystallization table size had a Leverage value 
of 2.48. The crystallization table a൵ected the amount 
of salt production. The smaller area of saltworks inte-
gration results in smaller production. The larger area of 
saltworks integration results in greater amount of salt-
works integration production. The size of the crystalli-
zation table a൵ected labor e൶ciency. The ideal area of 
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3.3 Sustainability of Saltworks Integration in Eco-

nomic Aspects

The sustainability index analysis of the salt-
works integration and the Leverage analysis in the eco-
nomic aspects were analyzed using the Rapfish analysis 
of R program (Figure 3). The value of the sustainabil-
ity index of the saltworks integration in the economic 
aspects of Raci Village - Batangan Subdistrict with a 
sustainability index value of 70.65 (Figure 3). Geneng-
mulyo Village - Juwana Subdistrict had a sustainabili-
ty index value of 69.80. Tluwuk Village - Wedarijaksa 
Subdistrict had a sustainability index value of 67.73. 
Kertomulyo Village - Trangkil Subdistrict had a sustain-
ability index value of 71.12. The value of the saltworks 
integration sustainability index in the economic aspects 
shows that all saltworks integration villages had a suf-
ficiently sustainable status with an index value of 50 
- 74.9. Based on the economic aspects of Raci Village 
- Batangan Subdistrict, Genengmulyo Village - Juwana 
Subdistrict, Tluwuk Village - Wedarijaksa Subdistrict, 
Kertomulyo Village - Trangkil Subdistrict showed a suf-
ficiently sustainable status by considering the indicators 
that inÀuence its sustainability.

Leverage analysis on the economic aspect af-
fected the sustainability of the saltworks integration. 
The value of Leverage analysis in of economic aspects 
showed the highest value on 3 (three) indicators, in-
cluding the di൵erence in traditional salt prices and salt-
works integration salt prices with a Leverage value of 
1.56, availability of capital for salt farmers (land own-
ers) with a Leverage value of 1.44, and leasing costs 
for pond land of saltworks integration with a Leverage 
value of 1.34.

Price is the main indicator for the sustainability 
of the saltworks integration in economic aspects. The 
good quality of salts resulting from saltworks integra-
tion with high NaCl if not balanced with a good price 
greatly a൵ected the sustainability of the saltworks inte-
gration program. Salt farmers hoped that there will be 
di൵erences in the price of salt from the saltworks inte-
gration compared to the traditional salt. E൵orts to im-
prove quality are meaningless if they are not considered 
by price di൵erences. Prior to saltworks integration, the 
price of traditional farmer’s salt was determined by the 
middlemen. The availability of capital for salt farmers 
(land owners) is an indicator of the sustainability of salt-
works integration in the economic aspects. Partnerships 
have an e൵ective role in improving the economy of salt 
farmers, i.e., wholesalers as managers, shipping coop-
eratives, and salt farmers as salt producers (Fatmawati 
and Kurdi, 2020). Economic development of 

the crystallization table in the saltworks integration area 
was 8 x 42 m. The suitability of the geoisolator size is 
one of the factors determining the area of the crystalli-
zation table area. Water level on the crystallization ta-
ble had a Leverage value of 1.82. The Greenhouse Salt 
Tunnel (GST) Method and Technology can be used in 
the sea salt production (Kurniawan et al., 2019). The 
existence of further purification can be used as the main 
foundation in the utilization of seawater sources (Zhang 
et al., 2021). Utilization of salt water for salt production 
in wind-driven seawater greenhouses has been reported 
(Akinaga et al., 2018). 

Figure 3. Sustainability Index Value and Leverage 
Analysis of Saltworks Integration in Social Aspects.

Note: S1 = Human resources quality, S2 = experience of salt 
farmers in the salt production process, S3 = the length of do-
micile of salt farmers, S4 = number of recipients (people who 
benefit from saltworks integration support) in 1 (one) group, 
S5 = Profit sharing systems for salt farmers (cultivators) and 
fish/salt pond owners, S6 = Potential internal conÀicts of salt-
works integration farmers, S7 = Potential conÀicts between 
saltworks integration farmers and traditional farmers
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Figure 7. Kite (Radar) Diagram of Saltworks Integration Sustainability (A: salt of ecology, B: salt of economy, C: 
Salt of social, D: Salt of institution, E: Salt of technology)

Figure 5. Sustainability Index Value and Leverage Analysis of Saltworks Integration in Institutional.  
Note: I1 =  the inÀuence of the policy of salt import, I2 = the inÀuence of the Small and Medium Industry (SMIs)  existence for 
salt processing, I3 = the inÀuence of the middlemen existence for post-production management, I4 = the inÀuence of the groups 
existence for salt production management, I5 = The inÀuence of the Village Owned Enterprises existence for salt production 
management, I6 = The inÀuence of the salt cooperatives existence for the SRG system management, I7 = the number of salt 

 

Figure 4. Sustainability Index Value and Leverage Analysis of Saltworks Integration in Technological Aspects. 
Note: T1 = the NaCl content (adbk) of the salt, T2 = the harvesting period/the appropriate collection process, T3 = the distance 
between the sea and land of saltworks integration, T4 = the water height on the crystallization table, T5 = the size of the crys-
tallization table, T6 = the width of the pond galleys for saltworks integration, T7 = height of the pond for saltworks integration

buyers / traders of the saltworks integration, I8 = the number of managers for the production process at the crystallization
table, I9 = the number of group members to hold meetings to support the good implementation of saltworks integration, I10 =
the number of socialization and assistance



pects showed the highest value on 3 (three) indicators, 
including the number of recipients (people who take 
advantage of saltworks integration support) in 1 (one) 
group with a Leverage value of 2.92, potential internal 
conÀicts of saltworks integration farmers with a Lever-
age value of 1.50, and profit sharing systems for salt 
farmers (cultivators) and fish/salt pond owners with a 
Leverage value of 1.44.  The number of recipients (peo-
ple who take advantage of saltworks integration sup-
port) in 1 (one) group is one indicator of the sustainabil-
ity of the saltworks integration. Equitable distribution 
of support and right on target is the expected output to 
improve the welfare of salt farmers. Saltworks integra-
tion conÀicts often arise during pre, process and post 
production. Internal conÀicts usually occur during land 
conversion and profit sharing of salt production (Nhung 
et al., 2019). 

3.5 Sustainability of Saltworks Integration in Insti-

tutional Aspects

 The sustainability index analysis of the salt-
works integration and the Leverage analysis in the insti-
tutional aspects were analyzed using the Rapfish anal-
ysis of R program (Figure 5). Raci Village - Batangan 
Subdistrict had a sustainability index value of 71.04. 
Genengmulyo Village - Juwana Subdistrict had a sus-
tainability index value of 70.16. Tluwuk Village - We-
darijaksa Subdistrict had a sustainability index value of 
67.50. Kertomulyo Village - Trangkil Subdistrict had a 
sustainability index value of 71.02 (Figure 5). The value 
of the saltworks integration sustainability index in the 
institutional aspect showed that all saltworks integration 
villages had a su൶ciently sustainable status with an in-
dex value of 50 - 74.9.

Leverage analysis in institutional aspects a൵ect-
ed the sustainability of saltworks integration. The value 
of Leverage analysis in the institutional aspects showed 
the highest value on 3 (three) indicators, including the 
inÀuence of the Village Owned Enterprises existence 
for salt production management with a Leverage value 
of 3.23, the inÀuence of the salt cooperatives existence 
for the SRG system management with a Leverage value 
of 1.79, and the inÀuence of the groups existence for 
salt production management with a Leverage value of 
1.20. The existence of Village Owned Enterprises is ex-
pected to be able to move the village economy with the 
ultimate goal of increasing the welfare of the communi-
ty. In accordance with the PuGar Technical Guidance, 
2019 Pugar recipients are Cooperatives / Village Owned 
Enterprises in accordance with Law number 32 of 2004 
concerning Regional Government “the rights, authori-
ties and obligations of autonomous regions to regulate 

salt farmers can be achieved with support in the cre-
ation of cooperatives with guidance support, advocacy, 
and technological facilities as well as business capital 
(Rochwulaningsih, 2018). The government, in the salt-
works integration program, only provides facilities for 
saltworks integration, while capital is the responsibili-
ty of the salt farmers. Salt farmers were faced with the 
availability of capital at the beginning of salt production. 
The cost of leasing pond land for saltworks integration 
is one indicator of the sustainability of saltworks inte-
gration. The economic feasibility of the salt production 
process is inÀuenced by the market value (Sparenberg 
et al., 2020). The economic improvement of salt farm-
ers can be performed through productivity improvement 
programs with optimal technology (Muhandhis et al., 
2019).

3.4 Sustainability of saltworks integration in so-

cial aspects

The sustainability index analysis of the salt-
works integration and the Leverage analysis in the so-
cial aspects were analyzed using the Rapfish analysis of 
R program (Figure 4). Raci Village - Batangan Subdis-
trict had a sustainability index value of 74.54. Geneng-
mulyo Village - Juwana Subdistrict had a sustainabili-
ty index value of 66.34. Tluwuk Village - Wedarijaksa 
Subdistrict had a sustainability index value of 65.62. 
Kertomulyo Village - Trangkil District had a sustain-
ability index value of 74.69 (Figure 4). The value of the 
saltworks integration sustainability index on the social 
aspects shows that all saltworks integration villages had 
a su൶ciently sustainable status with an index value of 
50 - 74.9.

Leverage analysis in social aspects a൵ected the 
sustainability of saltworks integration. Indicators of 
sustainability of saltworks integration in social aspects 
include potential conÀicts between saltworks integra-
tion farmers and traditional farmers, potential internal 
conÀicts of saltworks integration farmers, profit shar-
ing systems for salt farmers (cultivators) and fish/salt 
pond owners, number of recipients (people who benefit 
from saltworks integration support) in 1 (one) group, 
the length of domicile of salt farmers, experience of salt 
farmers in the salt production process, the inÀuence of 
the salt cooperatives existence for the SRG system man-
agement, the inÀuence of the group existence for the salt 
production management, the inÀuence of the middle-
men existence for the salt production management, the 
inÀuence of the SMIs existence for the salt processing, 
the inÀuence of the policy on the import of salt.

The value of Leverage analysis in the social as-
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Figure 6. Value of Monte - Carlo Analysis 
of the sustainability of Saltworks Integra-
tion (a: Ecological Economic Aspects, c: 
Institutional Aspects, d: Technological 
Aspects, e: Social Aspects)

A B

C

E

D



and manage government a൵airs and the interests of local 
communities in accordance with statutory regulations”. 
Institutionally, Village Owned Enterprises is located in 
the location of economic activities, adequate quality 
of human resources, management and members in one 
village, so that it facilitates coordination and adequate 
infrastructure because it is near the Village hall. The 
existence of Village Owned Enterprises is an important 
indicator in inÀuencing the sustainability of saltworks 
integration in the institutional aspects. 

The inÀuence of the salt cooperatives existence 
for the SRG system management is an indicator of the 
sustainability of saltworks integration secondly after 
the Village Owned Enterprises. Increasing salt business 
and productivity can be increased through cooperatives. 
Sustainability from an institutional perspective can be 
achieved by improving the human resources quality in 
managing the salt business, drafting regulations on the 
sale and purchase of salts, and technology training for 
salt farmers (Subhan et al., 2021). Furthermore, increas-
ing sustainability with the capacity of human resources 
and services of financial institutions can be performed 
to compete at the local and the regional levels of salt in-
dustries. (Diananing et al., 2021). The existence of a salt 
cooperative is an important indicator in the sustainabil-
ity of saltworks integration. Salt Business Group (SBG) 
is a group of people who have saltworks activities with 
a minimum number of administrators and members of 
10 people. Salt is needed by several small groups to pro-
duce it, so that it is economically sustainable (Anton-
ites, 2016). An integrated management is also needed in 
the feasibility and potential of salt ponds (Rocha et al., 
2012). The existence of cooperatives can also increase 
the sustainability of salt farmers and increase profits 
with stable salt prices. This is certainly the support of 
local and central governments (Muhandhis et al., 2019).

3.6 Monte - Carlo Analysis

The sustainability of saltworks integration in 
ecological, technological, economic, social and insti-
tutional (ETESI) aspects are conducted using Mon-
te-Carlo analysis (Figure 6). Raci Village - Batangan 
Subdistrict, Genengmulyo Village - Juwana Subdistrict 
and Kertomulyo Village - Trangkil Subdistrict showed 
a little disturbance because the distribution of blue dots 
was around the initial score. The village of Tluwuk - 
Wedarijaksa Subdistrict showed significant disturbanc-
es because the distribution of red dots spreads rather 
wide around the village.

For the results of Monte-Carlo analysis in the 
sustainability aspects of saltworks integration sustain-
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ability, Raci Village - Batangan Subdistrict, Kertomulyo
Village - Trangkil Subdistrict showed a little disturbance
because the distribution of blue dots was around the ini-
tial score. Tluwuk Village - Wedarijaksa Subdistrict and
Genengmulyo Village - Juwana Subdistrict showed sig-
nificant disturbances because the distribution of red dots
spreads rather wide around the village.  For the results
of Monte-Carlo analysis in the economic aspects of salt-
works integration sustainability, Raci Village, Batangan
District, Kertomulyo Village, Trangkil District, shows
a little disturbance because the distribution of blue dots
is around the initial score. Tluwuk Village, Wedarijaksa
Subdistrict and Genengmulyo Village, Juwana District
showed significant disturbances because the distribution
of red dots spreads rather wide around the village.

For the results of Monte-Carlo analysis in the
social aspects of saltworks integration sustainability,
Raci Village - Batangan Subdistrict, Kertomulyo Vil-
lage - Trangkil Subdistrict showed a little disturbance
because the distribution of blue dots was around the
initial score. Tluwuk Village - Wedarijaksa Subdistrict
and Genengmulyo Village - Juwana Subdistrict showed
significant disturbances because the distribution of red
dots spreads rather wide around the village. For the re-
sults of Monte-Carlo analysis in the institutional aspects
of saltworks integration sustainability, Raci Village
- Batangan Subdistrict, Kertomulyo Village - Trangk-
il Subdistrict showed a little disturbance because the
distribution of blue dots was around the initial score.
Tluwuk Village - Wedarijaksa Subdistrict and Geneng-
mulyo Village - Juwana Subdistrict showed significant
disturbances because the distribution of red dots spreads
rather wide around the village.

3.7 Kite (Radar) Diagram of Saltworks Integration

Sustainability

The kite (radar) diagram of the saltworks inte-
gration sustainability is drawn (Figure 7),  and  the sus-
tainability index value is located in 4 (Table 2). Several
aspects  of  the  sustainability  of  saltworks integration
are ecological, technological, economic, social, and ins-
titutional  aspects  (Figure 7). Raci Village - Batangan
Subdistrict had the highest indicator value from all as-
pects compared to other villages. Kertomulyo Village
- Trangkil Subdistrict was the second highest indicator
values, Genengmulyo Village, Juwana Subdistrict was
the third highest indicator values and Tluwuk Village -
Wedarijaksa Subdistrict was the fourth highest indicator
values.

The value of the sustainability index obtained
based on the assessment of 41 attributes, i.e., ecological



No Location
Aspect (%)

Ecological Technological Economic Social Institutional

1 Raci 77.79 74.36 70.65 74.54 71.04

2 Genengmulyo 65.62 57.84 69.80 66.34 70.15

3 Tluwuk 58.24 54.36 67.74 65.62 67.50

4 Kertomulyo 72.01 74.95 71.12 74.69 71.02
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