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Abstract

The trend of using wood biomass as a renewable energy source must be supported by a more 
extensive feedstock through the utilization of degraded land. However, not all regions have information 
on land potential in the provision of wood biomass. This study aims to develop a system dynamic 
model that can describe the potential of wood biomass production from degraded land rehabilitation. 
The main steps include problem identification, mapping causal loop diagrams, integrating mathematical 
models in a stock and flow diagram, evaluating the model, and simulating the conditions in the next 
20 years based on existing conditions and three alternatives of policies scenarios. The result showed 
that all scenarios able to reduce the degraded land area by 16%. Energy wood plantations can reduce 
the number of unemployed by half of the simulated amount while applying a moderate, optimistic, or 
very optimistic scenario, the number of unemployed will only be a quarter left in 2040. The optimistic 
scenario was considered to be applied in the rehabilitation of degraded land. The expected goals must be 
supported by the use of superior seedlings and effective forestry extension by increasing the number of 
extension officers and extension assistants.
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Introduction

Indonesian energy consumption is still based  
mainly on fossil fuels [1], including electricity supply 
generated primarily from coal-fired power plants 
[2]. The presence has a significant influence on the 
surrounding environment and harms human health  
[3-4]. Lombok Island with the peak electricity 
consumption of 260 MW, has begun to reduce 
dependence on coal imported from other islands [5], 
and is trying develop the use of renewable energy from 
local-natural energy resources [6]. In this framework, 
woody biomass can be utilized as potential bioenergy to 
gradually replace the coal through cofiring technology 
[7]. Globally, this scheme has been accepted as an 
inexpensive, short-term option to substitute coal [8] 
with carbon-neutral fuel [9]. Cofiring application with 
a 1:1 ratio of coal and wood significantly reduced CO2 
emissions from 915 kg to 403 kg for every 1 MWh 
of electricity production, without much change in the 
efficiency [10].

Communities in the East Lombok District 
traditionally use woody biomass more than in other 
parts of Lombok Island [11], mainly for household and 
small-scale industries [12]. Suppose wood biomass  
is to be used as a material for cofiring, it must be 
supported by developing woody biomass plantation 
in degraded land [13]. Spatial analysis showed that  
East Lombok District has 8,443 ha of degraded 
land suitable for the development of woody biomass 
plantations [14]. 

Sustainable plantation development should be 
supported by a complex understanding and attention 
to the relationship between ecological, economic, and 
social dimensions in a system dynamics approach 
[15]. In this study, the system simulates a complicated 

relationship [16] between rehabilitation of degraded 
land with the potential for energy wood production. 
A system dynamics modeling describes nonlinear 
relationships and represents complex systems by 
analyzing their dynamic behavior over time [17].  
By running a simulation, the system is able to 
evaluate various policy scenarios [18] and show the  
possible unexpected results [19]. It is important for 
decision-makers to see the long-term results [20]  
and to prevent errors in determining conclusions [21] 
supported by a computer program facilitating the 
modeling [22].

Several studies on the dynamics of renewable energy 
supply have used system dynamics modeling [23-
28], however has never been done on the provision of 
wood biomass supply from degraded land rehabilitation 
activities. Therefore, this study aims to develop a 
system dynamic model that can describe the potential 
for wood biomass production from degraded land 
rehabilitation in East Lombok. The simulation results 
from the model will be considered in the direction of 
priority for degraded land rehabilitation.

Methodology

This study will build a system dynamics model that 
can simulate energy wood production from degraded 
land rehabilitation activities. In building a system 
dynamics model, the main steps include problem 
identification by identifying existing problems along 
with each variable and its feedback iteration. The next 
step was mapping causal loop diagrams, integrating 
mathematical models in a stock and flow diagram, 
simulating and evaluating the model, and running  
the scenarios [20, 29].

Fig. 1. The causal loop diagram of energy wood production. 
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Problem Identification

This stage includes identifying existing problems 
and bordering the system to be studied by determining 
important and relevant variables in overcoming 
problems, achieving the objective, and designing 
policies. This stage was carried out through field 
observations, literature reviews, historical and 
statistical records, and discussions with experts [30]. 
The objective of the system approach in this study is 
to obtain an overview of the impact of using degraded 
land in producing wood biomass and the variables 
that influence it. The verbal description below will 
show clearly the relationship within and between the 
subsystems in the model. 

In the biophysical subsystem, the existing condition 
shows that the increase of the degraded land area is 
mainly due to the extensification of dryland agriculture 
that does not follow soil conservation principles. 
Community involvement is needed to support the 
success of degraded land rehabilitation activities. This 
can be done by choosing a land rehabilitation scheme 
through an energy wood plantation development. This 
scheme is not only useful in supporting the reduction 
of degraded land, but also motivated the farmer 
community to improve welfare through profitability and 
demand of energy wood and support the acceleration 
of renewable energy use. The potential utilization of 
degraded land as wood biomass plantation depends on 
the availability of the land. The available land consists 
of different suitability classes, which also affect the tree 
growth in the plantations.

In the social subsystem, increasing unemployment, 
accompanied by new households’ growth, will increase 
the rate of new dryland agriculture areas, which risks 
increasing the area of degraded land. The development 
of the wood biomass plantations potentially decreases 
unemployment. In addition to labor absorption, from 
an economic subsystem, increasing the area of wood 
biomass plantation will increase wood biomass supply 
and improve the people’s income. The faster the stands 
grow, the greater the wood biomass produced. The 
growth can be promoted through the use of superior 
planting materials and apply intensive maintenance. 
Although results in a higher production cost increase, 
wood sales can cover the cost. Forestry extension 
officers play an essential role in encouraging farmers 
to use superior seedlings and do intensive maintenance. 
However, the availability of superior seedlings needs 
to be handled by the Government because of the 
limitations of farmers in accessing superior plant 
genetic resources.

Causal Loop Diagram

The next step in system dynamics modeling is to 
arrange relationships between variables and build the 
feedback loop in a structured form of a causal loop 
diagram [17]. The diagram, showing the problems and 

the relationship between the variables involved, was 
described to limit the system to be studied [31]. The 
diagram showed in Fig. 1 is used to understand the 
system behavior, which will assist in the formation 
of dynamic models. The diagram depicts the causal 
variables significant in a system and is linked using 
arrows to the effect variable. The relationship between 
one variable and the next variable in a loop can be either 
positive or negative. A positive relationship shows that 
if a variable value increases, the other affected variables 
will also increase. The opposite condition occurs in  
a negative loop.

Stock Flow Diagram

Based on this causal relationship, technical analysis 
was carried out by making a stock-flow diagram (SFD) 
that describes a model’s structure. The SFD structure 
describes the model variables for the accumulation 
process and the flow of information and material in the 
system [20]. SFD is more often set up after CLD has 
formed. The component of SFD as shown in Figure 
2, includes stock variables, flow variables, additional 
variables, and connectors. Stock shows the status or 
condition of a system, while the flow is a change based 
on decisions according to system conditions [30, 32].

The SFD shown in Fig. 2 indicates several variables 
resulted from the final calculation, e.g. remaining 
unemployment, planted area, degraded land area (after 
planting), harvested area, wood production, and profit 
per ha. The others are the variables that are required 
in the calculations. Mathematical equations that show 
the relationship between variables were integrated into 
the model structure based on the data and information 
available in the study area. Table 1 contains the main 
mathematical equations used in the model.

Not all of the degraded land area is available and 
suitable for the development of energy wood plantations. 
The available degraded land areas with conformity 
levels of S1 (very suitable), S2 (quite suitable), and S3 
(less suitable) become scenarios based on the degraded 
land map that has been resulted in previous research 
[14]. The profit earned from the existence of energy 
wood plantations is assumed to come only from wood 
production. The yield from each hectare of energy 
wood plantation concession was calculated based on 
the selling value of energy wood reduced by costs 
that may arise in managing the energy plantation, 
including the cost of seeds, planting, maintenance, and 
harvesting. Seedling and maintenance costs will be 
further regulated in the simulation scenario. The model 
was simulated to study the behavior in describing the 
symptoms or processes that occur in the system. 

Model Evaluation

Model evaluation was done to build trust in the 
system dynamic model. At this stage, two things 
that are important to do are compare the structure of  



Narendra B.H., et al.5646

the model with real conditions, and validate the model’s 
behavior by comparing the results of model simulations 
to real conditions. The simulation results were validated 
so that the model can be used further [33], and it makes 
sure that the model was based on observations and real 
system data [17, 34]. In an evaluation, data availability 
is not the only important thing in building a good 

model. The model structure test was carried out by 
analyzing the logical level of the built structure and the 
resulting output behavior, while the model performance 
validation was analyzed based on simulation results 
with available historical data series [34].

Based on the SFD, the simulation model has been 
run on the Powersim Studio 10 software with data 

Fig. 2. Stock flow diagram. 
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input for the years 2008 - 2017. The simulation results 
were evaluated to see the trend and involved factors 
by validating the model’s structures. Simulations were 
carried out with the initial assumption that the increase 
in degraded land was in line with land clearing for dry 
agriculture due to the rise in households’ number. The 
households’ rate growth was simulated according to the 
existing trend. In 2008, the number of households in 
East Lombok was 291,821 households, and it increased 
to 347,122 in 2017. With an average household growth 
of 2.3% per year, it is projected that by 2040 the 
number of households will reach 604,139 households 
assuming constant growth of 2.3% per year. An increase  
in the number of families will have implications for 
increased land use for dryland agriculture by 0.2% 
per year, based on trend data on the household number 
with a profession as farmers and changes in the dryland 
agricultural area.

Based on the structure’s social subsystem, an 
increase in household number has implications for 
increasing the workforce. However, not all of this 
workforce is absorbed by domestic formal employment 
resulting in unemployment and migrant workers. Even 
though the number tends to decrease, in 2017 the 

number of unemployed still reached 27,059 people from 
the initial 34,500 people in 2008.

The development of energy wood plantations, 
especially in intensive maintenance, is expected to 
accelerate the unemployment reduction rate to near 
zero by 2040. Based on Statistics Indonesia data, 
unemployment tends to decline even though in certain 
years there is an increase in data that can be caused 
by fluctuations in the number of migrant workers 
due to government policy changes. In this modeling, 
the reduction rate of unemployment was calculated 
based on the unemployment factor of 0.12% from the 
total workforce and is assumed to be constant. The 
workforce absorption will reduce unemployment due to 
the development of energy wood plantations. 

In this study, the absorbed workforce was assumed 
to remain constant during the simulation period, 
which is 0.3 people per hectare. In other words, the 
development of 3 ha of the energy wood plantation will 
absorb one worker. Suppose intensive maintenance is 
applied as is usually carried out in industrial plantation 
forest companies. In that case, the workforce absorption 
reaches 0.45 people per ha, or one person is absorbed in 
developing 2 ha of energy wood plantations [35].

Table 1. Main equations used in the model.

Variable Equation

Biomass production (('Harvested in S1'*'S1 stand growth')+('Harvested in S2'*'S2 stand growth')+('Harvested in S3'*'S3 
stand growth'))*2

Harvested profit per ha 'Sale price per ha'-'Total cost per ha'

Harvested rate 'Harvested in S1'+'Harvested in S2'+'Harvested in S3'

Labor absorption IF('Intensive maintenance'=0,('Planting rate'*'Labor per ha'), 'Planting rate'*0.45)

Maintenance cost IF (TIME>2020,2450000*'Intensive maintenance', 0)

Plantation cost per ha IF(TIME>2019, ('Seedling cost per ha'+'planting cost per ha'), 0)

Planting area 'Planted in S1'+'Planted in S2'+'Planted in S3'

S1 stand growth 39+('Superior seedling use'*39*0.39)+('Intensive maintenance'*39*0.35)

S2 stand growth (39+('Superior seedling use'*39*0.39)+('Intensive maintenance'*39*0.35))*0.8

S3 stand growth (39+('Superior seedling use'*39*0.39)+('Intensive maintenance'*39*0.35))*0.6

Sale volume 'Biomass production'*'Wood price per m3'

Seedling cost per ha IF ('superior seedling assistance'=1, 0, IF('Superior seedling use'=0, ('Seedling cost'*'seed requirements 
per ha'), (2.7*'Seedling cost'*'seed requirements per ha')))

Total cost per ha IF (TIME>2019, (('Plantation cost per ha'/20)+('Maintenance cost'*2)+'Harvesting cost per ha'), 0)

Degraded land rate 'Dryland agriculture rate'*'Degradation factor'

Household growth rate IF (TIME<2010,'House hold'*'Household factor', 'House hold'*0.0095)

Planting area in S1 IF (TIME<2020,0,(IF ('Available in S1'<'Max planting per year','Available in S1','Max planting per 
year'*'S1 available factor')))

Planting area in S2 IF (TIME<2020,0,(IF ('Available in S2'<'Max planting per year','Available in S2',('Max planting per 
year'*'S2 available factor'))))

Planting area in S3 IF (TIME<2020,0,(IF ('Available in S3'<'Max planting per year','Available in S3',('Max planting per 
year'*'S3 available factor'))))

Superior seedling use IF('superior seedling assistance'=1, 'superior seedling assistance', IF ('Extension effectivity'=2, 1, 0))
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The effectiveness of forestry extension activities 
strongly influences the application of intensive 
maintenance by farmers. However, the obstacle 
in East Lombok is the limited number of forestry 
extension officers. Even the number tends to decrease 
because some have entered retirement age and some 
are approaching retirement age. Effective extension 
services are also able to encourage farmers to use 
superior seedlings. However, the seed must be bought 
at a higher price (about three times the cost of ordinary 
sources) but will result in higher growth.

In the biophysical subsystem, an evaluation of the 
model structure can be illustrated that the simulated 
planting of energy wood plantations was begun in 2020, 
then continued gradually every year. From the available 
and suitable degraded land for energy wood plantation, 
planting was assumed to be carried out gradually with a 
limit of 2,800 ha per year. According to the maximum 
planting area data that East Lombok Regency has 
achieved, this limit indicates the maximum area 
that can be planted per year. In the model structure, 
restrictions have been made that planted area in a 
year will not exceed the limit. Also, the total area of 
degraded land will not exceed the land area in East 
Lombok Regency (160 thousand ha). The area of 
degraded land available for energy plantations will 
also not exceed the area permitted for the development 
of energy wood plantations, based on spatial planning 
regulation. The model structure has been arranged to 
prioritize degraded land with an S1 suitability level 
(very suitable). After all, S1 lands are planted, proceed 
to the land with S2 suitability (moderately suitable).

In this study, the energy wood species used were 
Calliandra, Leucaena, Gliricidia, and Acacia. They are 
legume families with relatively the same stand growth 
and biomass production so that in this modeling, it is 
assumed that they have the same biomass increment 
and output. Planting is carried out at a tight distance 
of 1 x 1 m2 [36] so that 10,000 seedlings are needed 
for each hectare. Assumptions used in planting are all 
seedlings in good condition, planted at the beginning of 
the rainy season, and they grow well until the harvest 
period. Planting with a tighter spacing can be done up 
to 1 x 0.25 m2 but tends to produce larger leaf biomass 
with smaller stem diameter, so it is feared that it will 
not qualify as fuel for power plant. Also, using tighter 
spacing will require a larger number of seedlings and 
make maintenance activities difficult. Simultaneously, 
the wood biomass produced is not much different from 
the spacing of 1 x 1 m2 [37]. 

The common management of the energy wood 
plantation is carried out using a coppice system in 
which the harvested stands will grow back to produce 
several new shoots on each stump. Timber harvesting 
is carried out on stands that are two years old. The 
new shoots are nurtured, and two stalks are left for 
each stump and will be harvested again after the shoot 
reaches two years old. And so on, a biennial harvest 
cycle is carried out until the stand comes 20 years of age 

[38, 39], and new seedlings should be planted, although 
certain species can reach a 30-year cycle [40]. In this 
modeling, plant productivity in producing energy wood 
was assumed to be constant, although many studies 
have shown that planting with legumes can improve soil 
fertility, mainly through increasing the soil carbon and 
nitrogen elements [41, 42].

The production (volume) of woody biomass  
resulting from harvesting in a particular area was 
modeled by multiplying the tree’s growth per year) by 
the age (two years). The optimal plant increment rate of 
39 m3 ha-1 year-1 was obtained from field observations for 
the four tree species, both those grown in Lombok [43, 
44] and other similar locations such as in Flores [45], 
Bali [46, 47], Java, and Madura [44]. Each land was 
assumed to produce optimum biomass, where the wood 
products in the S1 suitability class can reach 100% of 
the optimal output, 80% for S2 suitable land, and 60% 
for S3 suitable land [48, 49]. Application of intensive 
maintenance potentially increases the stand growth by 
39%. The use of superior seedling probably increases 
the growth rate by 35% and can reach up to 75% [37, 
50-52]. Both efforts will become scenarios in the next 
stage according to the potential for degraded land. 

The evaluation of model behavior is carried out 
to complement the structural evaluation results. This 
evaluation was shown, among others, through the 
value of the mean absolute percentage error (MAPE), 
which indicates the absolute mean deviation between 
the simulation results against the actual (historical) 
value with an acceptable deviation less than <10% 
[53, 54]. MAPE is one of the most popular indicators 
in the assessment of prediction accuracy due to scale-
independent and easy to interpret [55], and defined as 
equation 1 [56].

 
      

          
       

       
      (1)

...where: At and Ft denote the actual and simulation 
values at data point t, respectively; N = number of data 
points.

A performance validation test follows the simulation 
results to obtain confidence performance. It qualifies as 
a scientific model and the behavior of the output model 
following empirical data’s behavior. Statistical tests can 
identify deviation from the model output with empirical 
data [31]. Model performance validation is analyzed 
based on simulation results with available historical 
data series [34]. In this study due to limitations of 
historical data series, the confirmation was carried 
out only on households, labor force, and unemployed 
numbers for 2008 – 2017 historical data. The results of 
MAPE calculation for the variable household number, 
labor force, and unemployment are 0.3%, 0.2%, and 
1.6%, respectively. The validation results on the three 
variables indicate that the MAPE values are smaller 
than 10%, indicating that the model has a good 
performance and can be accepted scientifically.
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Scenario Planning and Running the Model

Models that have been evaluated will be used for 
scenario planning and modeling. The scenarios were 
structured as a model intervention that has been built to 
support the achievement of model objectives. Scenarios 
were designed to combine several simulated factors 
from controlled inputs as parts of the leverage factors 
for sustainability. The scenarios to be applied were the 
result of expert discussion by considering the future 
applicability. The results of scenario planning were 
used to explore different conditions that may occur in 
the future. The results can be considered by decision-
makers in determining policies, while still paying 
attention to the assumptions and model boundary [57]. 

Four scenarios have been formulated in this study, 
namely the existing (business as usual), moderate, 
optimistic, and very optimistic scenarios. The existing 
scenario describes the current actual condition for the 
forestry extension activities that are not yet effective, 
and farmers do not use superior seeds in developing 
energy wood plantations. In this scenario, the allocation 
of degraded land area to be developed for energy 
wood plantations follows the results of land suitability 
analysis using the FLOWA method, namely with a 
neutral optimism level (α = 1) and an error risk level at 
a medium level (0.5). In this allocation, the very suitable 
(S1) area covers 76% of the degraded land area, and its 
use will be prioritized first, then followed by planting in 
suitable degraded land (S2) with an area of 24% of the 
degraded land [14].

In the moderate scenario, the allocation of critical 
land area to be developed is still the same as the existing 
scenario. There was a change in the effectiveness of 
extension. With the increase in the effectiveness of 
extension services, it is assumed that farmers can 
implement intensive plant maintenance and use the 
superior plant seedlings obtained independently by their 
effort.

In the optimistic scenario, the conditions for land 
allocation and extension effectiveness were the same as 
in the moderate scenario, except that the use of superior 
seeds was not carried out independently by farmers. 
Still, there was the assistance of superior seeds from the 
Government, which was assumed to meet all farmers' 
needs. The existence of superior seed assistance, 
which is one of the most significant cost components 
in developing energy wood plantations, can reduce the 
production costs incurred by farmers to increase the 
benefits obtained.

The very optimistic scenario was characterized by 
land allocation used at the extreme optimism level. In 
this allocation, all available critical land areas were 
assumed to have S1 suitability (very suitable) but with 
a very large error risk level. The high level of risk is 
due to a land unit's suitability was determined by at 
least one suitability criterion being met. This condition 
is ecologically complicated to fulfill by biophysical 
conditions (climate and soil) in the field. At this level of 

decision, it is not stated what minimum criteria must be 
met to produce a very suitable level of suitability.

Analysis of land suitability for the use of a species 
or group of plant species will be very suitable if 
more criteria are met based on the plant's growth 
requirements. Based on this, it would be more 
realistic if the decision on suitability for a particular 
plant species was based on more criteria [58]. In this 
dynamic modeling, the use of a very optimistic scenario 
involving 100% land suitability allocation is carried out 
to determine the maximum output (at the extreme level) 
that this dynamic model can achieve.

The scenarios prepared as controlled inputs are 
expected to be capable to support the sustainability of 
energy wood plantations. The design and combination 
of several factors in the scenarios were run in the 
model. The analyzed output includes the quantitative 
achievement of each formulated goal, includes the 
reduction area of degraded land through increasing the 
area of energy wood plantations, decreasing the number 
of unemployed through the amount of worker absorbed 
in the energy wood plantation, the amount of energy 
wood produced, and increasing community income 
through profits from selling energy wood obtained.

Results and Discussion

Energy Wood Plantation Area

Based on the scenario simulations, the planting of 
energy wood plantations will reduce degraded land area, 
as shown in Fig. 3. Degraded land in East Lombok, which 
is predicted to cover 59,537 ha in 2020 and increase 
to 110,955 ha in 2040, can be reduced to 93,678 ha 
(16% decrease) if degraded land is rehabilitated into 
energy wood plantation. The rehabilitation with a side 
orientation to increase energy wood plantations cannot 
rehabilitate 100% of the degraded area due to not all of 
the degraded land is available to be rehabilitated into 
energy wood plantations. As a result of rehabilitation, 
the extent of energy wood plantation cumulatively 
increases from 2,800 ha in 2021 to 17,277 ha in 2040. 
Among the scenarios, there is no difference in the area 
of energy wood plantations planted each year. The 
difference is only found in the composition area of the 
land suitability level. 

Labor Absorption

The labor absorption in the development of energy 
wood plantations is directly proportional to the area 
cultivated. Fig. 3 shows the decrease in the number of 
unemployed compared to without energy plantations’ 
development delivers an acceleration in the first four 
years. This is related to the large area of land planted 
in the first four years. Apart from being influenced 
by the land planted area, labor absorption is also 
determined by plant maintenance intensity. Without the 
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Energy Wood Production

Two years after planting, in 2022 there will be the 
first harvest of energy wood trees. The 2,800 ha of 
planting area will produce 158,017 m3 energy wood 
in the existing scenario, 274,949 m3 for the moderate 
or optimistic scenario, and 288,812 m3 for the very 
optimistic scenario as shown in Fig. 3. The stands that 
have been harvested will sprout and will be harvested 
again in the next two years. As energy wood plantations 

development of energy wood plantations, the number of 
unemployed people in 2040 is simulated to reach 10,197 
people. With this development, the existing scenario 
will reduce the number of unemployed to 5,014 people, 
while by applying the other scenario, the number of 
unemployed will only be 2,422 people in 2040. The 
existing scenario has a lower labor absorption because 
it does not apply intensive maintenance. The other 
scenarios apply intensive maintenance, resulting in the 
same reduction in unemployment. 

Fig. 3. Simulation results for degraded land and energy wood plantation area a), unemployment number b), and energy wood  
production c).
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increase through additional planting areas each year, 
energy wood production will also increase. In 2040 it 
was projected to produce 487,524 m3, 848,291 m3, and 
891,062 m3 for the existing, moderate or optimistic, and 
very optimistic scenarios, respectively. 

A sharp increase in wood production in all scenarios 
in the first three years, and then this increase tends 
to slope. This is related to the large planting area at 
the beginning of the development of energy wood 
plantations. After the first four years of planting, the 
fifth year planting area only comes from the increasing 
area of degraded land in the previous year so that the 
increase in the area that can be harvested only slightly 
increases.

Fig. 3 shows a difference in the volume of wood 
production between scenarios even though the area 
harvested each year is the same. The difference in the 
tree growth was due to the use of superior seedlings 
and/or application of intensive maintenance. In the 
existing scenario, it is described that farmers do not use 
superior seedlings and do not carry out the intensive 
maintenance of their plants. This is partly due to the 
lack of intensive counseling and the absence of superior 
seedlings. In this condition, stand increment is assumed 
to be 39, 31, and 23 m3 ha-1 year -1 on S1, S2, and S3 
land suitability, respectively. The existence of effective 
extension as assumed in the moderate, optimistic, 
and very optimistic scenario will encourage farmers 
to use superior seedlings and carry out intensive 
maintenance resulting in higher tree growth [59] to 
68, 54, and 41 m3 ha-1 year -1 on the S1, S2, and S3 land 
suitability, respectively. The maximum increment that 
can be obtained is equivalent to the result obtained in 
Leucaena growth that was equivalent to 64 m3 ha-1 year -1
in medium soil fertility conditions, accompanied by 
NPK fertilization of 250 kg ha-1 year -1 and the use of the 
superior Leucaena seed Taramba cultivar [37].

Compared to the moderate and optimistic scenario, 
there is a slight increase in production in the very 
optimistic scenario because, in the very optimistic 
scenario, the S1 land allocation reaches 100%, so that 
all stands are assumed to be able to reach an increment 
of 68 m3 ha-1 year -1. In the moderate and optimistic 
scenario, the land allocation for S1 reaches 76%, and 
the remaining 24% was for S2 land so that this 24% 
difference results in differences in wood production. 

The comparisons of the cost and sales income 
for 20 years in each scenario are presented in Fig. 4.  
The very optimistic scenario shows the highest  
sales-cost difference (IDR 14,726,000 ha-1 year -1 or 57% 
higher than the difference in the existing scenario (IDR 
9,406,400 ha-1 year -1). The highest profit is obtained 
because the very optimistic scenario produces the 
highest product sales volume and the production costs 
are relatively the same as the production costs in the 
optimistic scenario, and lower than the moderate 
scenario. Although the existing scenario shows the 
lowest production costs (because it only uses random 
seeds and does not apply intensive maintenance), the 
sales value shows the lowest value.

Potential of Electricity

Based on the simulated annual wood production, 
its potential use as a renewable energy source can be 
calculated. The use of energy wood is very potential as 
fuel in biomass-based power plants. In East Lombok, 
electrical energy security is achieved by building new 
power plants, which are coal-fired steam power plants. 
If the potential for energy wood can be fulfilled from 
sustainable sources, its use will be more economical 
and environmentally friendly. The use of wood biomass 
as fuel for power plants to support energy security also 
supports East Lombok Regency’s energy independence. 

Fig. 4. Simulation results of average production costs, sales, and the difference in each scenario.
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If the district uses coal as the fuel of the power plant, 
East Lombok will depend on coal supply from other 
islands. The energy wood plantation potentially meets 
the needs of power plant fuel. East Lombok District has 
the sovereignty to determine the source of its electrical 
energy from potential local land resources.

The potential for electrical energy that can be 
generated through the use of energy wood production 
is presented in Table 2. Based on data from Statistic 
Indonesia, currently, 74.3% of households in East 
Lombok have received electricity from the State 
Electricity Company. Table 2 shows the potential 
number of households served by electricity from the 
wood-based power plant is 154,990 households or 45% 
of East Lombok’s current population [1].

In 2040, the number of households served by PLN 
electricity using wood biomass fuel in the optimistic 
scenario will reach 832,041 households. In that year, 
the number of households in East Lombok is predicted 
to reach 352,566 households. There will be a surplus 
of electrical energy for households, assuming constant 
household growth, 900 Wh of electricity needs for each 
household, and electricity use are only calculated for 
household needs without considering the requirements 
for industry, services, tourism, and others.

On a broader scale, the use of degraded land for 
energy wood production will be able to generate greater 
electrical energy. The development of electricity from 
renewable sources is not only carried out on large-scale 
energy sources such as geothermal and hydropower, but 
also small and medium scale generators such as small-

scale biomass-based power plants. This small-scale 
power plant is suitable for developing remote islands 
or areas that still use fossil fuel power plants. The 
Government encouraged the development of biomass-
based power plants through the issuance of Ministerial 
Regulation which regulates the mechanism and tariffs 
for purchasing electricity from biomass-based power 
plants. Although the selling price of electricity from 
coal-fired power plants is lower than from wood 
biomass, with the negative impact on the environment 
caused by coal use, it is necessary to consider the 
amount of environmental impact value in the selling 
price of electricity.

Apart from being sourced from biomass, the 
fulfillment of electricity from renewable sources 
can also come from solar power plants. However, its 
development often faces obstacles in the form of high 
initial investment, and the price of electricity generated 
is relatively higher because the subsystem needs are 
still dependent on imported products [65]. Also, the 
development of solar power does not directly contribute 
to efforts to handle degraded land.

Discussion

A study on the potential use of degraded land in 
East Java and West Java shows that as a wood biomass 
provider for power generation, degraded land in these 
two provinces of Indonesia will cope with the electricity 
of 4.2 million households [44]. Biomass power plants 
on a large scale are run by a combustion process using 

Table 2. Electricity potential resulted on the early and last year simulation

Scenario Wood weight
(m3) a

Calorific value
(x1.000 Kcal)b

Electricity potential
(kWh)c

Potential
supplied household d

Selling price
(x IDR 1,000)e

Year 2022

Existing 158,017  379,240,800 154,369,968  154,990  268,202,382

Moderate 274,949  659,877,600 268,603,177  269,682  466,671,160 

Optimistic 274,949  659,877,600 268,603,177  269,682  466,671,160 

Very optimistic 288,812  693,148,800 282,146,219  283,279  490,200,841 

Year 2040

Existing 487,524 1,170,057,600 476,271,946  478,185  827,474,879 

Moderate 848,291 2,035,898,400 828,712,444  832,041 1,439,805,000 

Optimistic 848,291 2,035,898,400 828,712,444  832,041 1,439,805,000 

Very optimistic 891,062 2,138,548,800 870,496,289  873,992 1,512,400,253 
aAverage of wood density = 0.6 ton/m3 [60, 61]
bAverage of wood calorific = 4,000 Kcal/kg [62]
c1 Kcal = 4,186.8 Joule = 0.001163 kWh
Average of power plant machine eficiency = 35% [63, 64]
Electricity = calorific value (Kcal) x power plant machine eficiency x 0.001163
dAverage of annual electricity consumption per household = 996 kWh [1]
ePrincipal cost of electricity generation in Lombok area based on ministerial decree = IDR 2,044/kWh
Maximum purchase price from electricity producer to State Electricity Company based on ministerial regulation = 85% x principal cost
Selling price = Electricity potential (kWh) x principal cost (Rp/kWh) x 85% 
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thermal conversion. The efficiency increase from a 
simple Rankine cycle of only 37%, using a regenerative 
turbine system can increase to 50%. The larger the 
power plant’s scale, the more efficient the electrical 
energy is produced [66].

Research on a power plant with a capacity of  
6.3 MW in West Kalimantan has resulted in the values 
of the energy cost (the cost to generate electricity per 
kWh) of several alternative fuels uses. The use of wood 
as fuel showed the lowest price of energy at the rate 
IDR 443 per kWh, followed by oil palm shells IDR  
518 per kWh, and coal IDR 898 per kWh, while the use 
of a mixture of coal and wood (30:70) as used today is 
worth IDR 751 per kWh [67]. The use of wood biomass 
as an energy source has been growing, especially in 
European countries where 30% of energy consumption 
comes from biomass, which is higher than the 9% 
consumption of biomass for world energy [68]. 

In the development of energy wood plantations, the 
use of superior seedlings should have met the physical-
physiological quality standards. The assessment 
includes health, height and diameter of stems, 
compactness of the media, and a number of leaves, as 
well as the source of plant material (seeds) that meet 
genetic quality standards based on the classification 
of certified seed sources. The genetic quality of the 
planted seeds is the primary genetic structure that is 
inherited that determines the offspring’s appearance. If 
the genetic quality is bad, the appearance that appears 
will be bad and is not influenced by the environment 
and silvicultural efforts. On the other hand, if the 
inherited genetic potential is good, this potential will 
emerge through appropriate silviculture [69].

The provision of superior seedlings has become 
one of the demands in increasing plantation forest 
productivity, community plantation forests, community 
forests, and forest rehabilitation activities. The use 
of superior seedlings accompanied by silvicultural 
techniques is an essential effort in increasing forest 
productivity. To support a large-scale energy wood 
plantation, farmers need the seed produced by superior 
stands resulted from tree breeding activities. The 
Centre for Forest Biotechnology and Tree Improvement 
of Indonesia is a research and development institution 
under the Ministry of Environment and Forestry, which 
has been an intensive program of breeding for energy 
wood species, especially Acacia, Calliandra, and 
Leucaena since 1996.

This program has produced superior seeds from 
the first generation (F1) for Calliandra callothyrsus 
with increment (growth) reaching 65 m3 ha-1 year -1, 
and second-generation (F2) for Acacia auriculiformis 
with increment can reach 72 m3 ha-1 year -1 [70]. In the 
Leucaena species, preliminary observations show that 
the Tarramba cultivar with seeds originating from 
Kupang (East Nusa Tenggara Province) and known to be 
more resistant to pest, has tremendous biomass potential 
[71, 72]. For Gliricidia species, the breeding is more on 
efforts to increase plant productivity, especially as a 

source of animal feed. This study’s results indicate the 
provenance of Retalhuleu from Guatemala, America, 
has the highest productivity [73].

The dissemination of superior seeds should be 
carried out immediately. However, it is still in the 
development stage to support superior seeds for energy 
wood in the regions. In each area with the potential to 
be developed, it can be carried out the construction of 
seed source plots using seeds from superior individuals 
so that the distribution of superior material in the 
fulfillment of superior seeds for energy wood plantation 
can be immediately fulfilled.

Assistance for superior seedlings to farmers 
can be given directly in ready-to-plant seedlings or 
collectively by building a nursery in each region. This 
program is usually carried out through community 
nursery activities, managed by a village institution, and 
integrated with degraded land rehabilitation activities. 
The government funds the community nursery, 
and the seedlings produced are used for planting as 
part of community empowerment in forest and land 
rehabilitation activities. 

Apart from using superior seedlings, the priority 
scenario selected in the degraded land rehabilitation 
model also emphasizes the increase in forestry extension 
effectiveness in assisting the community. Assistance 
is carried out to foster the community’s ability and 
creativity by learning together to independently 
sustainably manage the stand to improve their welfare 
[74]. Through extension agents’ mentoring activities, 
farmers will be motivated to use superior seedlings 
and apply intensive maintenance to increase plant 
productivity.

The minimal number of civil service extension 
appointments, coupled with the age of forestry 
extension officers approaching retirement age, is a major 
obstacle in increasing the effectiveness of extension 
in the regions. On the other hand, the Ministry of 
Environment and Forestry is implementing a program 
to provide access to forest management covering  
12.7 million hectares for the community, so it is 
necessary to have assistants at the site level. To 
minimize the impact, the Government optimizes 
community self-help extension recruited as civil servant 
extension partners. They are generally the chairperson/
administrator of farmer groups who have succeeded in 
the forestry business or community leaders who have 
become role models. As residents who live with the 
community, they easily mingle with the community and 
do not need to pay extra for housing and other things 
than bringing in personnel from outside the area.

Conclusions

The model of degraded land rehabilitation through 
the development of energy wood plantations in East 
Lombok Regency was built from the biophysical, social, 
and economic subsystems. The model was used to 
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simulate the conditions in the next 20 years based on 
existing conditions and three alternative scenarios for 
the development policies of energy wood plantations. 
In the biophysical subsystem, the simulation shows 
that planting energy wood plantations on degraded 
land using Acacia, Gliricidia, Calliandra, or Leucaena 
species in all scenarios will reduce the degraded 
land area by 16%. This decline is in line with the 
development of quite extensive energy wood plantations 
in 2040. As the area of plantations increases through 
rehabilitation of degraded land each year, energy wood 
production will also increase so that in 2040.

In the social subsystem, rehabilitation of degraded 
land into energy plantations can reduce the number 
of unemployed by half the simulated amount, while 
applying a moderate, optimistic, or very optimistic 
scenario, the number of unemployed will only be a 
quarter left in 2040. In the economic subsystem, the 
very optimistic scenario will produce the highest sales 
value compared to the existing condition. Based on the 
achievement analysis of the objective variables in each 
scenario and the consideration of the risk of failure, 
the optimistic scenario was considered to be applied 
in the rehabilitation of degraded land. To achieve the 
expected goals in this scenario, the implementation of 
critical land rehabilitation must be supported by the use 
of superior seedlings and effective forestry extension 
by increasing the number of extension officers and 
extension assistants.
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