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requiring performance measurement tools (PMTs) to determine the performance of a GEG power

plant. The PMTs were developed using key performance indicators (KPIs) that were defined

through focus group discussion (FGD) with people from different fields of expertise in the company Power Plants,

and were based on references and the weighting of KP!I criterion that was developed from the Gas Engine Generator,
analytic hierarchy process (AHP). This study is a case study at a leading medium energy company FI? er";for mance A’/’I’d’cat"r S, ,
in Indonesia. PMT is a tool to calculate performance score (PS) from the calculation of actual data, Pirf%rr Tni';%‘z S‘szgreme"’
contracts, and KPI (power output/PO, heat rate/HR, operation ratio/OR, capacity factor/CF)

weighting. A case study was conducted on three power plants that have different capacities and

numbers of engines. The highest total performance score (TPS) value will be calculated to find the

performance benchmark (PB) for each power plant. The contribution of this study is that it

overcomes the problem of a limited number of references that can be used to measure performance

in the energy industry.

Electricity has become a basic requirement of every modern human being. The demand for electricity continues to
increase over time. Power plants serve as electricity producers. Generally, there are 5 types of power plants in Indonesia,
based on their energy sources: hydropower plant, steam (coal-fired) power plant, gas-fired power plant, diesel-fired power
plant, and other renewable resources, such as solar, wind, geothermal, and biomass (Deloitte, 2016).

The total power generation capacity in Indonesia in 2018 is 63.1 GW with various types of power plants. In terms of
capacity, the most prominent power plant is the coal power plant, followed by combined cycle power plant in second
place, diesel engine power plant in third place, hydropower plant in fourth, gas power plant in fifth, and gas engine power
plant places last (Ministry of Energy and Mineral Resources, 2018). The development of Fuel Mix for Power Generation
in 2017 shows that the use of coal for fuel places first in rank (57.22%), followed by fuel gas (24.82%), hydropower
(7.06%), oil (5.81%), and finally geothermal and new and renewable energy (5.09%) (PWC, 2018). Fuel gas (24.82%)
is the second widely used means for power generation in Indonesia. Gas turbine power plant and gas engine generator
power plant are two gas-fired power plants that use fuel gas. This study focuses on a gas engine generator (GEG) power
plant that uses a gas engine as its prime mover to generate electricity.

One of the GEG power plant companies is a leading medium energy company in Indonesia that developed and
operated around fourteen small- and medium-size GEG power plants at ten locations in Indonesia. The company
management of GEG power plant signed a contract or agreement with the National Electricity Provider as the customer.
There are points in the contract where the customer imposes a penalty if the actual value does not match with the value
in the contract. The actual values are the value of key performance indicators (KPIs) in the GEG power plants. Some
previous studies relevant to KPI were about the KPIs of smart grid, coal-fired power plants, renewable energy, etc.
However, studies about KPIs, especially for GEG power plants are still scarce. KPIs are defined through focus group
discussions (FGDs) with people from different fields of expertise in the company and are based on references from Oprea
and Bara (2017), Tallapragada et al. (2009), and Widhiatmaka et.al. (2017). The results of the FGD determine the KPIs
used to measure performance on gas engine power plants, which are: power output — PO (MW), heat rate — HR (Btu/kWh),
operating ratio — OR (%), and capacity factor — CF (%). The weighting of those KPIs can be obtained by adopting the
analytic hierarchy process (AHP).

The company has a system called Asset Management System (AMS), a web-based monitoring system developed with
SQL, and the data is updated online. One of the important features of AMS is to monitor the indicator of power plants
remotely. This system shows reports of production, maintenance schedule, downtime, etc. The indicators in AMS are not
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complete if used as a performance measurement tool for the GEG power plant. Therefore, a performance measurement
tool (PMT) for GEG power plants is proposed. The company needs PMT because there are quite a lot of power plants
owned. A PMT for GEG power plants is crucial and can help to determine the performance of a power plant, especially
GEG. Power plant companies are greatly helped by PMT in making decisions for continuous improvements.

A power plant is an industrial facility that generates electricity from primary energy. Most power plants use one or
more generators. This generator converts mechanical energy from the primary mover (rotating machine) into electrical
energy in order to supply power to the electrical grid for society's electrical needs (Energy Education, 2020). A power
plant is also referred to as a power station and, sometimes, a power generation station or plant.

The type of primary fuel or primary energy flow that provides a power plant its primary energy varies. The most
common fuels are coal, natural gas, and uranium (nuclear power) (Energy Education, 2020).

The primary mover that will be discussed here is a gas engine. A gas engine is an internal combustion engine that runs
on gaseous fuel, such as natural gas, biogas, landfill gas, coal mine gas, and sewage gas. A gas engine is also called a
gaseous fuel engine, or natural gas engine, or spark-ignited engine. The company uses GEG with a GE brand of Jenbacher.
Jenbacher GEs are manufactured in Jenbach, Austria, which has more than five decades of experience in gas engine
manufacturing and has more than 10,000 gensets installed worldwide so far (GE Jenbacher, 2013). A case study was
conducted in a company that has numerous GEG power plants. The company has a GE fleet of Jenbacher GEG set for
supporting the business. The total units of GEG set are 201 units. The capacity of each gas engine is different. The GE
Jenbacher type 320 has a generator output of 1,067 kW of electricity at 50 Hz 400 V. The Jenbacher GE type 620 has a
generator output of 3,349 kW of electricity at 50 Hz 11 kV. The Jenbacher GE type 624 has a generator output of 4,029
kW of electricity at 50 Hz 11 kV (GE Jenbacher, 2013).

Performance measurement is the process of collecting, analyzing, and/or reporting information regarding the
performance of an individual, group, organization, system, or component (Behn, 2003). Performance measurement is
integral to performance management and provides a basis for performance improvement programs (Kuragu et al., 2016).

In order for companies to increase their competitiveness, a performance measurement system (PMS) is needed, which
is a system that provides relevant information for efficiency and effective management in making measurable decisions
(Chalmeta et al., 2012). PMS is dynamic in nature, integrated with measurements and evaluations of the efficiency and
effectiveness of business operations, which can be used as a basis for making decisions to increase competitiveness in a
company.

The application of performance measurement systems (PMS) are used in the construction industries in the United
Kingdom, the United States of America, and Denmark (using performance measurement tools Project Scorecard/ProScor
and Contractor Scorecard/ConScor) (Kuragu et al., 2016).

Performance measurement is necessary for companies because it is useful for achieving 8 specific managerial purposes
namely: evaluate, control, budget, motivate, promote, celebrate, learn, and improve (Behn, 2003). To achieve these goals,
it is necessary to:

. Evaluate - requires multiple measures, compared with multiple standards

. Control - requires a mechanism of control

. Budget - requires a description of the efficiency of various activities

. Motivate - requires almost real-time measurements of outputs to compare with production targets

. Promote - requires aspects of performance about how many citizens personally care

. Celebrate - requires periodic and significant performance targets when achieved, provides people with a real

sense of personal and collective accomplishment

. Learn - requires a large number and wide variety of measures

. Improve — requires an understanding of how they can influence the behavior of the people whose actions affect

the outputs and outcomes they seek

Wongrassamee et al. (2003) took the improvement approach of Kaplan and Norton's (1996) Balanced Scorecard and
the EFQM Excellence Model for performance measurement frameworks in companies. The EFQM (European Foundation
for Quality Management) Excellence Model demonstrates excellence in the management of quality fundamental to
continuous improvement. This model provides a systematic perspective for understanding performance management. The
Excellence Model is a non-prescriptive framework that is based on nine criteria (Leadership, People Management, Policy
and Strategy, Resources, Process, People Satisfaction, Customer Satisfaction, Impact on Society, Business Results). The
Balanced Scorecard is a comprehensive framework in which an organization's mission and strategic objectives can be



translated into a set of performance measures (Kaplan and Norton, 1996). The purpose of this Balance Scorecard
framework is to provide a comprehensive overview of the business and focus on critical areas, implementing a future
strategy for the organization. The Balanced Scorecard framework includes 4 main perspectives namely: Financial,
Customer, Internal Business Process, and Learning & Growth. In this Balanced Scorecard framework, there is a strategy
map created generically to show any measurement strategy at each perspective (Wongrassamee et al., 2003). PMT is part
of the Learning & Growth Perspective - Information Capital Section - Planning, Monitoring, Reporting.

A Balanced Scorecard is a method widely used to measure performance in companies. In the first generation, the BSC
is a system for evaluating performance with major constituent elements (Morisawa, 2002), such as:

*  Performance measures

. Breakdown of strategy

. Four perspectives

. Strategic objective, performance indicators, leading indicators, KPI

. Performance linked compensation

Kanzai Electric Power Co., Ltd., the second-largest electric power company in Japan, used BSC for measuring
performance by applying the performance-linked contract since 1999 (Morisawa, 2002). This contract is based on
strategic objectives and performance indicators that have been set as standardized indicators. In this study, the
performance measurement approach uses performance indicators that are determined as KPI through an FGD with people
from different fields of expertise inside the company.

A performance indicator or key performance indicator (KPI) is a type of performance measurement. KPI is a
measuring tool that describes the effectiveness of a company in achieving its business goals. Companies use KPIs to
measure the success of achieving their targets (Chalmeta et al., 2012). KPI is for monitoring and detecting low
performance in power plant operation, investigating issues, and setting up maintenance plans in order to minimize the
operational cost (Oprea & Bara, 2017). Referring to Tallapragada et al. (2009), there are three categories of KPI:
Technical, Commercial, Technical, and Operational Capabilities. In this study, the used performance indicators are only
technical performance indicators in gas engine power plants.

Technical performance indicators are KPIs in which the indicators used are only for the technical parts. In this study,
the technical performance indicators are a combination of information from the available literature. Oprea and Bara (2017)
mentioned that technical performance indicators are based on operational data, consisting of:

The average power (Pavg), the ratio between produced energy (W) and runtime (t)

Installed power load factor (K,), the ratio of average power (Pavg), and install power (P;)

Installed power load duration (T;), based on installed power load factor (K,) multiply by runtime (t)
Maximum power load duration (Tmax), the ratio between generated energy (W) and maximum output (Pmax)
Power factor (cos6), determined based on active energy (W,) and reactive energy (W)

Performance index (PI), the ratio between generated power/energy and forecasted power/energy

The operational technical performance indicators above are applied on most power plants, including on wind power
plants and photovoltaic power plants.

Meanwhile, according to Tallapragada et al. (2009), technical performance indicators consist of:

1.  Capacity factor is the ratio of actual generation power to maximum capacity to generate

2. Load factor is the ratio of average annual load to maximum annual load

3. Operating ratio is the ratio of operating to installed capacity

The technical performance indicators above are applied to power plants that use coal-fire, gas-fire, hydropower,
nuclear, oil-fire, and renewables.

According to Widhiatmaka et al. (2017), technical performance indicators for a coal power plant with a low heat rate
indicator will produce maximum efficiency for the power plant. The heat rate is the ratio of energy used to generate 1
kWh of electricity.

KPIs that are used to measure performance on gas engine power plants refer to Oprea and Bara (2017), Tallapragada
et al. (2009), and Widhiatmaka et al. (2017) involving:

The average power (Pavg), the ratio between produced energy (W) and runtime (t)
Installed power load factor (Ky), the ratio of average power (Payg), and install power (P;)
Power factor (Cos 0), determined based on active energy (W.) and reactive energy (W)
Capacity factor, the ratio of actual generation power to maximum capacity to generate
Operating ratio, the ratio of operating to installed capacity

The heat rate, the ratio of energy used to generate 1 kWh of electricity
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The Analytic Hierarchy Process (AHP), introduced by Thomas Saaty, is an effective tool for dealing with complex
decision-making and may aid the decision-makers to set priorities and make the best decision. By reducing complex
decisions to a series of pairwise comparisons, and then synthesizing the results, the AHP helps to capture both subjective



and objective aspects of a decision. In addition, the AHP incorporates a useful technique for checking the consistency of
the decision maker’s evaluations, thus reducing the bias in the decision-making process (Saaty, 1988).

The hierarchy structure in AHP is divided into three levels. Level 0 is the goal of the analysis. Level 1 is factors or
criteria that are related to the alternatives to reach the goal. The criteria are ordered from the highest priorities on the left
to the lower priorities on the right. Lastly, level 2 is the alternative choices, which is the group of options. The lines
between levels indicate the relationship between goal, criteria, and alternatives (Saaty, 1988).

Based on Saaty’s (1988) opinion, the AHP considers a set of evaluation criteria and a set of alternative options from
which the best decision is to be made. It is important to note that, since some of the criteria could be contrasting, it is not
true in general that the best option is the one that optimizes every single criterion, rather the one that achieves the most
suitable trade-off among the different criteria.

The AHP generates a weight for each evaluation criterion according to the decision maker’s pairwise comparisons of
the criteria. The higher the weight, the more important the corresponding criterion. Next, for a fixed criterion, the AHP
assigns a score to each option according to the decision maker’s pairwise comparisons of the options based on that
criterion. The higher the score, the better the performance of the option with respect to the considered criterion. Finally,
the AHP combines the criteria weights and the options scores, thus determining a global score for each option, and a
consequent ranking. The global score for a given option is a weighted sum of the scores it obtained with respect to all the
criteria (Saaty, 1988).

Referring to Yang et al. (2010), the AHP has been used to weight the identified indicators for assessing the energy
efficiency of residential buildings in the hot summer and cold winter in China. The AHP method was adopted in order to
rank assessment themes and identify the priorities. The outcome is the Malaysian Refurbishment Assessment Scheme
(MRAS) (Kamaruzzaman et al., 2018). The AHP methodology is used to evaluate knowledge management (KM)
performance by comparing and ranking each division to find the division in Oil and Gas company that represents the most
desirable performance to the least desirable performance (Ruvania et al., 2015).

This study used the three GEG power plants owned by the company. The total power plants owned by the company
are fourteen power plants in ten locations in Indonesia (Internal Company Data, 2020). The reason for only using the
three GEG power plants for this study is that the three power plants have different installed capacities and the engines are
also stationed in different locations in Indonesia. The three GEG power plants can be described as follows:

1. Power Plant A - Installed capacity: 46.89 MW; number of engines: 15 units; located in Sumatera Island

2. Power Plant B > Installed capacity: 25.57 MW; number of engines: 8 units; located in Sumatera Island

3. Power Plant C - Installed capacity: 6.70 MW; number of engines: 2 units; located in Kalimantan Island

Performance measurement tools (PMTSs) are for determining the performance of a GEG power plant. In this study, the
PMT was developed using key performance indicators (KPI) that were determined through forum group discussion (FGD)
involving people from different fields of expertise in the company and were based on references and the weighting of
each KPI criterion that was developed by the analytic hierarchy process (AHP). This study was a case study at a leading
medium energy company in Indonesia. PMT is a tool to calculate the performance score (PS) from the calculation of the
actual data, contracts, and KPI (power output/PO, heat hate/HR, operation ratio/OR, capacity factor/CF) weighting. If
there is a gap in the PS, then it can indicate a penalty from the customer, especially PO and HR. The research methodology
for developing PMT is shown in Figure 1.

Defining the performance indicators based on literature review and FGD with people from different fields of expertise
in a company is the first step. The next step is using the AHP method by preparing the AHP structure and the pairwise
comparison matrix. Those are the reference for developing the questionnaire. This questionnaire will be distributed to the
people in the company. The reason for using AHP is that AHP provides a systematic approach for weighting performance
criteria to provide a comprehensive performance measure. In AHP, the problem analysis is set in a hierarchy that consists
of goals, criteria, and alternatives. The hierarchy indicates a relationship between elements of one level with those of the
level immediately below. Fig. 2 shows the hierarchy or AHP structure. After the hierarchy has been constructed, an
analysis will be conducted using pairwise comparisons that derive numerical scales of measurement. Table 1 shows the
pairwise comparisons. The pairwise comparisons of criteria generated were organized into a square matrix. After the
matrix is set, the next process is synthesization. Synthesization is the process of calculating the priority of each criterion
in terms of its contribution to the overall goal of achieving GEG power plant performance. Then, priorities are established,
which represent the weights of each alternative. The higher the weight, the higher the KPI.
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Figure 2 shows the AHP structure used in this study. At level 0, the intended goal is the key performance indicators
used in the gas engine power plant. For the level 1 criteria, the weighting involves power output (kW), heat rate
(Btu/kWh), operating ratio (%), and capacity factor (%). Meanwhile, level 2 alternatives are using data from Power Plant
A, Power Plant B, and Power Plant C

Key Performance
Indicator

(I;z;l;:t Heat Rate Operating Capacity
1 0, 0,
MW) (BtwkWh) Ratio (%) Factor (%)

Power Plant A Power Plant B Power Plant C

AHP Structure

The AHP pairwise comparison matrix of this study can be seen in Table 1.



Research Pairwise Comparisons

Criteria Power Output Heat Rate Oﬁf;?itcl)ng Cég;%:y
Power Output 1
Heat Rate 1
Operating Ratio 1
Capacity Factor 1

The data used was taken from the existing Asset Management System (AMS). The data used are data from 3 power
plants: Power Plant A, Power Plant B, and Power Plant C. These three power plants have different installed capacities
and engines. Besides, the reference to the contract value of each power plant was also taken from the contract documents
owned by the company. Table 2 shows the information from these three power plants.

Contract Information each Power Plant

Installed Contract
No Plant Name C?asp{ialciiy Engine ; ; ;
M Number Capacity Heat Rate Capacity Operating
(Mw) (Mw) (Btu/Kwh)  Factor (%)  Ratio (%)
1 Power Plant A 46.89 15 30 9,270 40 63.98
2 Power Plant B 25.57 8 15 10,112 80 58.66
3 Power Plant C 6.70 2 3 10,000 80 44,78

A penalty will be applied when the actual value capacity power output indicator (MW) is less than the contract value
and the actual heat rate value (Btu/kWh) indicator is higher than the contract value.

Data taken from the AMS is the actual data for each power plant. This actual data will be compared with the contract
data so that the actual / contract ratio will be obtained. This calculation is performed monthly on the criteria for average
power output (MW), heat rate (Btu/kWh), operation ratio (%), capacity factor (%) at Power Plant A, Power Plant B, and
Power Plant C.

The performance score (PS) is obtained using Equation 1:

Actual

Performance Score = (( ) X Weighting) Q)

Contract

The calculation of the performance score (PS) is carried out monthly on the criteria for average power output (MW),
heat rate (Btu/kWh), operation ratio (%), capacity factor (%) at Power Plant A, Power Plant B, and Power Plant C. Each
criterion will have a performance score in the form of a ratio. All performance scores on the criteria are added together
to get a total performance score (TPS).

After the TPS is obtained, the next step is to analyze the results of calculations that have been carried out with the aim
of getting performance rankings and performance benchmarks for each power plant within 1 year. Furthermore, a gap
analysis is carried out for each of these power plants.

A gap analysis was conducted by comparing the difference between the actual PS value based on the KPI criteria and
the standard PS value based on the KPI criteria. The result of the gap analysis was used to find an area to be concerned.
From the gap, the company can determine—based on the performance of the power plants—whether or not they will
receive a penalty from the customer and undertake the necessary actions for continuous improvement resulting in a better
performance in the future.

The last step is the conclusion on any process for improvements based on the summary finding. The result of the gap
analysis of each power plant difference was carefully determined whether there is any benefit obtained by incorporating
other processes or portions of the other process that will be suggested as improvement recommendations. The gap analysis
was conducted by comparing the expectation of PS, which is at least as same as with the other power plant with the
highest weight of PS.
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FINDINGS AND DISCUSSIONS

The KPIs were used by the company and serve as an indicator for calculating its performance to reflect the
performance of the GEG power plant. The KPIs used to measure performance on gas engine power plants were:
1. Power output (MW) — PO is the total power output average produced by a power plant
2. Heat rate (Btu/kWh) — HR is the amount of energy used by a power plant to generate one kilowatt-hour (kWh)
of energy. Energy is in British thermal units (BTU).
3. Operating ratio (%) — OR is the ratio of gas engine operating to the total gas engine installed in a power plant.
The equation for the operating ratio is

Operating GEG (Units)
Installed GEG (Units)

Operating ratio = x100% 2

4. Capacity factor (%) — CF is the ratio of actual generation of power to the maximum capacity to generate. This
indicator measures the percentage of installed capacity that is utilized. The equation for capacity factor is

Electricity Generated (MW)
Installed Capacity (MW)

Capacity factor = x 100% (3)

The data is collected from the company's existing system, the AMS. The relationship between AMS as an existing
system and PMT can be seen in Figure 3.

Control Panel Contract

Indicators

perf. Performance Score
Gas Engine Data SIOFMENCE
WL Rank & Benchmark
Tools
sat Weighting
Developing

Figure 3. Performance Measurement Tools — IDEFO

Figure 3 is a notation for the IDEFO modeling system (introduced by NASA) for developing the PMT. AMS, as an
existing system from the company, provides data for a monitoring system in which the data is obtained from the gas
engine generators in each power plant, which is controlled by the gas engine generator control panel located in the panel
room in the power plant. The mechanism of AMS uses SQL to make it easier to arrange and store the data on a server
owned by the company. AMS can be accessed anywhere because it is web-based. The data from the AMS will be
processed by the PMT (developing system) to obtain the performance score (PS), performance rank (PR), and
performance benchmark (PB) for each power plant. The performance score can be calculated after obtaining the weighting
value for each KPI.

The calculation of the weight for each criterion is derived from the aggregate of the relative weights of criteria from
the AHP calculation result. The aggregation procedure was based on geometric means, which is the square root of 4
(number of criteria) from the multiplication of each weighting of expertise. After obtaining the geometric mean value,
the normalized geometric means were then calculated by dividing the geometric mean value of each criterion by the total
number of the geometric mean. Afterward, the next step calculates it into a normalized geometric mean for each criterion.
Table 3 shows the results obtained from calculating the weight of each criterion. These will be used as a reference for the
next calculation, and the ranking is: 1. Power output/PO (MW) — (70.81%); 2. Heat rate/ HR (Btu/kWh) — (14.91%); 3.
Operating ratio/OR (%) — (8.06%); and 4. Capacity factor/CF (%) — (6.22%).
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The Weight of Each Criterion

No Criteria Code Weights Rank

1 Power output (MW) PO 70.81% 1

2 Heat rate (Btu/kwh) HR 14.91% 2

3 Operating ratio (%) OR 8.06% 3

4 Capacity factor (%) CF 6.22% 4
Total 100.00%

The penalty from the customer will be applied when the actual capacity indicator value (power output - MW) is less
than the contract value and the actual heat rate value (Btu/kWh) indicator is higher than the contract value.

The performance score (PS) is calculated in the next step after obtaining all of the ratios between the actual and
contract for all criteria for each power plant throughout 1 year. PS is the multiplication of the actual/contract value with
the weighting. The weighting value used was based on Table 3. The calculation of the PS was carried out monthly on the
criteria for power output average (MW), heat rate (Btu/kWh), operation ratio (%), and capacity factor (%) at Power Plant
A, Power Plant B, and Power Plant C. Each criterion will have a PS in the form of a ratio. All PS scores in the criteria
were added together to get the total performance score (TPS). The result of the calculation of the PS and ranking can be
seen in Table 4-6 for Power Plant A, Power Plant B, and Power Plant C.

Performance Score and Rank Result of Power Plant A in 2019

Performance Score

No Month Rank
PO HR OR CF Total
1 January 0.33 0.16 0.05 0.05 0.59 12
2 February 0.33 0.16 0.06 0.05 0.60 11
3 March 0.43 0.16 0.08 0.06 0.72 10
4 April 0.46 0.16 0.08 0.06 0.76 9
5 May 0.59 0.16 0.08 0.08 0.92 1
6 June 0.56 0.16 0.09 0.08 0.90 2
7 July 0.51 0.16 0.08 0.07 0.82 6
8 August 0.50 0.16 0.09 0.07 0.82 5
9 September 0.48 0.16 0.08 0.07 0.79 8
10  October 0.49 0.16 0.08 0.07 0.79 7
11 November 0.55 0.15 0.08 0.08 0.86 4
12 December 0.56 0.15 0.08 0.08 0.88 3

Table 4 shows the highest total performance score (Rank 1) of Power Plant A in 2019 is in May (0.92). Figure 4 shows
the chart of performance score of Power Plant A in 2019. The TPS value increases from January to December.
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Performance Score of Power Plant A - Year 2019
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Figure 4. Performance Score Graph of Power Plant A in 2019

Table 5 shows the performance score and rank result of Power Plant B in 2019. The highest TPS (Rank 1) of Power
Plant B in 2019 is in November (1.05). Figure 5 shows the chart of performance score of Power Plant B in 2019. The TPS
value increases from January to April and increases again from August to December 2019.

Table 5. Performance Score and Rank Result of Power Plant B in 2019

Performance Score

No Month Rank
PO HR OR CF TOTAL
1 January 0.41 0.14 0.10 0.03 0.69 11
2 February 0.51 0.15 0.10 0.03 0.79 10
3 March 0.63 0.15 0.10 0.04 0.91 6
4  April 0.68 0.15 0.10 0.04 0.97 3
5 May 0.63 0.15 0.10 0.04 0.92 5
6  June 0.53 0.15 0.10 0.03 0.82 8
7 duly 0.59 0.15 0.10 0.04 0.88 7
8 August 0.38 0.17 0.10 0.02 0.68 12
9 September 0.49 0.16 0.12 0.03 0.80 9
10  October 0.67 0.15 0.10 0.04 0.96 4
11 November 0.74 0.15 0.12 0.05 1.05 1
12 December 0.71 0.15 0.12 0.05 1.02 2
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Performance Score of Power Plant B - Year 2019
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Figure 5. Performance Score Graph of Power Plant B in 2019

Table 6 shows the performance score and rank result of Power Plant C in 2019. The highest TPS (Rank 1) of Power
Plant C in 2019 is in June (1.60). Figure 6 shows the chart of performance score of Power Plant C in 2019. The TPS value
is almost flat from January to December 2019.

Table 6. Performance Score and Rank Result of Power Plant C in 2019

Performance Score

No Month Rank
PO HR OR CF Total
1 January 1.10 0.14 0.18 0.05 1.47 10
2 February 1.13 0.14 0.18 0.06 151 8
3 March 1.05 0.14 0.18 0.05 1.43 12
4 April 1.20 0.14 0.18 0.06 1.58 4
5 May 1.21 0.14 0.18 0.06 1.59 2
6 June 1.22 0.14 0.18 0.06 1.60 1
7 July 1.12 0.14 0.18 0.06 1.50 9
8 August 1.18 0.14 0.18 0.06 1.55 6
9 September 1.19 0.14 0.18 0.06 1.57 5
10 October 1.17 0.14 0.18 0.06 1.54 7
11 November 1.20 0.14 0.18 0.06 1.58 3
12 December 1.08 0.14 0.18 0.05 1.45 11
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Performance Score of Power Plant C - Year 2019
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Figure 6. Performance Score Graph of Power Plant C in 2019

From the PS of the three power plants in 2019, the performance benchmark (PB) can be identified. The PB is the
highest value of the total performance score (TPS) for each year. Table 7 shows the performance benchmarks of the power
plants.

Table 7. Performance Benchmarks of the Power Plants

Performance Score

Power Plant Year Month
PO HR OR CF Total
A 2019 May 0.594 0.159 0.084 0.083 0.920
B 2019 November 0.737 0.149 0.120 0.047 1.054
C 2019 June 1.223 0.137 0.180 0.060 1.600

Table 7 shows that the TPS (0.92) of Power Plant A in May 2019 can be used as a PB for 2019. For Power Plant B,
its TPS in November 2019 (1.054) can be used as a PB for 2019. For Power Plant C, its TPS in June 2019 (1.60) can be
used as a PB for 2019. Moreover, if the TPS value is greater than 100%, i.e., 1.00, then the performance of the power
plant is much better.

A gap analysis is conducted by comparing the difference between the criteria of KPI with low PS compared to the
KPI with the standard value of KPI criteria. The result of the gap analysis was used to find the area to be concerned about.
From the gap, the company can determine—based on the performance of the power plants—whether or not they will
receive a penalty from the customer and undertake the necessary actions for continuous improvement and, thus, better
performance in the future.

The gap in the PS can be calculated from the difference between the standard criteria and the PS of each criterion.
This calculation was carried out on the PB of each power plant in 2019. Table 8 shows the results of the calculations.

Table 8. Gap Performance Score (PS) That Refers to the Performance Benchmark (PB)

Performance Score

Power

R B A A

A 2019 May 0.708 0.594 0.149 0.159 0.081 0.084 0.062 0.083
2019 November 0.708 0.737 0.149 0.149 0.081 0.120 0.062 0.047 -0.015
2019 June 0.708 1.223 0.149 0.137 0.081 0.180 0.062 0.060 -0.002

According to Table 8, the PS gap values are either positive or negative in each criterion. The following is an
explanation if the PS gap is negative:

A negative GAP PO value means that PO has an Actual Value < Contract Value; potentially receiving PENALTY

A negative GAP HR value means that HR has an Actual Value < Contract Value, GOOD condition (NO penalty)

» A negative GAP CF value means that CF has an Actual Value < Contract Value, WARNING condition (NO penalty)
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Meanwhile, the color on each gap performance score reflects:
I:I GOOD - Performance score meets or exceeds the contract value
I:I WARNING - Performance score exceeds the contract value, but no impact on Penalty

|:| BAD - Performance score is less than the contract value, potentially to get Penalty

Table 9 shows the gap analysis by comparing the three power plants.

Gap Performance Score Between Power Plant

Power Year Month Remarks Caused By
Plant
Actual PO = 25.18 MW; actual HR
A 2019 May Penalty PO & HR = 9,861 Btu/kWh
B 2019  November | No Penalty
C 2019  June No Penalty

Table 9 shows that Power Plant A in May 2019 (PB) will receive a penalty for its PO and HR because the actual PO
value = 25.18 MW, less than the contract PO value = 30 MW, and the actual HR value = 9,861 Btu/kWh, which is higher
than the contract HR value = 9,270 Btu/kWh. Power Plant B in November 2019 (PB) will not receive a penalty. Power
Plant C in May 2019 (PB) will not receive a penalty because its actual PO value and actual HR value are both less than
the contract value.

Electricity has become a basic requirement of every modern human being. The demand for electricity continues to
increase over time. GEG power plants, as electricity producers, need to be maintained by monitoring performance,
carrying out maintenance on time, and continuously making improvements.

In the balanced scorecard framework, performance measurement tools (PMTSs) are a part of the learning and growth
perspective - information capital section - planning, monitoring, reporting. For this reason, PMTSs are essential to be
defined and can help determine the performance of a power plant. Power plant companies are greatly helped by PMT
when making decisions for continuous improvements.

The results of the analysis show that Power Plant A for its performance benchmarks (PBs) in May 2019 will be
subjected to PO and HR penalties because the PO actual value = 25.18 MW is less than the PO contract value = 30MW
and the HR actual value = 9,861 Btu/kWh is higher than the HR contract value = 9,270 Btu/kWh. The 2019 PB is the
highest total performance score (TPS) in 2019, in which penalty takes place. This means, in other months of the year, it
can be said that all penalties are a certainty. For Power Plant B in 2019, the performance benchmark in November is not
subjected to a penalty. The same thing also applies to Power Plant C, as there were no penalties in 2019.

It can be said that if there is a gap in the performance score (PS), especially in PO and HR, there will be penalties
from the customer. This penalty will have an impact on reducing the payments received from customers. This penalty can
be identified by a negative value in the PO gap (meaning the PO actual value < PO contract value) and a positive value
in the HR gap (meaning the HR actual value > HR contract value). Meanwhile, gaps in OR and CF do not have an impact
on penalties.

By looking at these conditions, the management of the company must make improvements to reduce penalties.
Improvement can be done by:

* Reducing PO penalties by increasing the availability and performance of gas engines at the power plant. Increasing
availability can be done by performing preventive maintenance on schedule to minimize engine breakdown and to
improve engine performance. If the availability and performance of the engine are optimized, the power plant can
then produce adequate power output (MW) to achieve the PO contract requirement.

* Reducing HR penalties by lowering the HR of the gas engine at the power plant. The high HR can also be referred
to as high fuel consumption. High fuel consumption on a gas engine requires the engine to be reset so that it
consumes less fuel, i.e., reducing the heat rate of the gas engine. Therefore, the heat rate's actual value will not
exceed the contract value. This engine resetting has been done by the company for a power plant in another
location. This resetting serves to upgrade the engine version from Version E (the existing version) to Version J
(the newer version). This engine version upgrade replaces some parts and performs resetting in the ECM engine.
Based on the results that already exist, the HR will drop to 600-1000 Btu/kWh.



In addition, there are many things that the company can do when making decisions to ensure continuous improvements
to the GEG power plants assisted by PMT. The energy business industry will continue to grow, thereby necessitating a
management plan. Thus, power plant performance needs to be considered. The contribution of this study is that it
overcomes the problem of a limited number of references that can be used to measure performance in the energy industry,
especially GEG power plants.

For future research, the scope of studies that can be carried out are:

1. Performance indicators for maintenance can be considered in calculating the performance score of the power plants.
This is because maintenance is crucial in reducing machinery breakdown by avoiding corrective maintenance at a
high cost.

2. Performance Indicators for Health, Safety, Environment (HSE) can be considered in calculating the performance
score of the power plants. The reason is that environmental issues, especially emissions, always lead to problems.

3. Performance Indicators for cost control can be considered in calculating the performance score of the power plants.
Cost control is central to controlling the balance of production cost vs revenue.

4. The exploration of the influencing factors of KPI, especially for GEG power plants.
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