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Indonesia's commitment to reducing the use of fossil fuels for power
generation has encouraged the exploration of biomass energy from waste
materials. Organic Rankine cycle (ORC) turbine technology that converts
waste into electrical energy can be an opportunity for the development of
waste power plants. The developed ORC turbine has not been assessed for
innovation readiness level (IRL). To address this gap, a comprehensive
evaluation of the IRL and technology readiness level (TRL) of the ORC
turbine is essential. This study uses qualitative and quantitative methods,
combining the IRL and TRL frameworks. The results reveal that the ORC
turbine market is ready, although the technology is still in the early stages of
development (IRL 2). In order to achieve IRL 3 and be prepared to enter the
decline stage as part of the market evolution phase, intellectual property
protection, product testing, and certification must be carried out. The
establishment of a product certification agency with testing facilities to

ensure turbine performance is required. IRL and TRL approaches can be
used to determine the stages of research activities that can be achieved by
looking at the availability of resources needed at each level.
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1. INTRODUCTION

The issue of energy transition towards new and renewable energy has attracted the attention of the
global community, especially with regard to efforts to save the earth in the future and preserve the ecosystem
of life [1]. Some of the renewable energies that are currently developing include wind, solar, geothermal, and
water energy [2]-[4]. One of the problems with renewable energy sources is inconsistency over time. To
overcome this, fuzzy logic control is needed in a system of renewable energy to maintain voltage stability
and output frequency [5].

Currently, alternative energy is being developed utilizing biomass as a new and renewable energy
source. Biomass energy that can be converted into electrical energy can potentially be generated from
household waste by making waste processing for electric energy (WPEE). The development of WPEE has
another benefit, it helps deal with the waste problem that is currently becoming an environmental issue,
especially due to the limited landfills in some areas that are growing into big cities. In addition, the
Indonesian government is committed to reducing the use of fossil energy in power generation and increasing
the availability of national electricity supplies. WPEE with thermal technology can be developed in all
regions with large waste volumes and waste emergencies to improve public health and hygiene [6]. Thermal
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technology is adopted with the aim of rapidly reducing the volume of waste, thereby overcoming the
problems of land area.

One of the thermal technologies being developed for renewable energy applications is the organic
Rankine cycle (ORC) turbine that can be utilized for WPEE. Today, ORC turbine technology is rapidly
evolving to the point where waste heat that was once discarded now has the potential to generate electricity.
ORC operates on the same principle as RC (Rankine cycle), but the working fluid is different. ORC can
utilize heat sources with temperatures around 80 °C due to the low boiling point of organic liquids. The ORC
cycle has the advantage of being able to operate at low temperatures. This utilization of waste heat has the
potential to generate more electrical energy, increase efficiency, minimize the impact of waste heat on the
environment, and save fuel.

Indonesia has considerable potential for the development of WPEE and household waste power
generators (HWPG), which utilize new and renewable energy. This potential can be utilized through the
mastery of ORC turbine design and manufacture by the domestic industry. It is expected that there will be an
increase in the use of domestic products, and partners as users will find it easier to see the suitability of
specifications, quality control, and routine maintenance when operating. This is an opportunity for the
domestic industry to play a role in the supply of ORC turbine components so that it has an economic impact
and creates jobs.

Currently, the National Research and Innovation Agency (BRIN) is conducting ORC turbine
research at the Energy and Manufacturing Research Organization. This research activity began in 2007 with a
literature review study on turbines, followed by the design and prototype of a 100-kW turbine in 2012. The
prototype has only undergone functional testing, it has not been tested in the actual environment. In 2021, a
study on the utilization of ORC turbines in WPEE was carried out, and in 2022, a design of an ORC turbine
system integrated into WPEE was carried out. In 2023, a new ORC turbine was developed by making the
cooling flow system and generator integrated with the turbine, called a hermetic type turbine, to avoid
leakage of the turbine drive fluid. In 2024, it is planned to test the WPEE in a real environment by utilizing
the WPEE made by industrial partners. The commercialization of research results might fail as a consequence
of insufficient research or a lack of research facilities to proceed to the certification stage because researchers
have not previously examined the availability of research facilities and market potential.

The problem investigated in this paper is whether ORC turbine research activities can produce
proven designs and market potential that attract domestic industries with the IRL and TRL approaches. The
IRL and TRL analyses were conducted to find factors that hinder the ORC turbine research stage, including
technology development and market evolution that require the availability of human resources and research
facilities consisting of software and hardware. The facilities are for verification and validation of the
developed design so as to produce a commercially viable product. Using the analyses, it is possible to foresee
the obstacles to research activities and prepare solutions from the start to overcome obstacles to achieving the
commercialization of research results.

2.  LITERATURE REVIEW
2.1. ORC turbine

The development of ORC turbine technology in binary cycle systems cannot be separated from the
development of energy conversion technology with binary cycles. The development period of this technology
can be divided into three main periods [7]. The first period, from 1967 to 1984, was the time when this
technology was not widely used. The second period, from 1984 to 2000, was a period of development of
binary cycle technology at a certain power capacity limit. Since 2000 and, especially, in recent years (the
third period), there has been an active expansion of binary cycle power units applied to geothermal power
plants with the application of ORC turbines of 2500 kW capacity units. There are two types of ORC turbines:
the standard type and the hermetic type. The standard type is a type of turbine commonly used in rotary
equipment where the turbine and generator are separated and coupled directly on one shaft (direct couple) or
coupled with a gearbox. This type of turbine uses a mechanical seal that has the potential to cause leakage.
The second type is the hermetic type turbine, a type of turbine that uses organic working fluid with the
turbine rotor and generator rotor components connected directly (direct couple) in the same housing.
Combining the turbine with the generator in one house is able to eliminate working fluid leakage.

The implementation and efficient operation of ORC (organic Rankine cycle) turbine systems is a
major challenge due to heat source fluctuations that can be caused by various factors such as meteorological
conditions, solar energy, and industrial waste heat irregularities. Such fluctuations, which include variations
in temperature, flow rate, and frequency, can disrupt the stability and operational efficiency of ORC turbine
systems, with potential negative impacts on the overall thermodynamic performance of the system. Currently,
there are two technical approaches used to address this challenge: thermal buffering with thermal energy
storage (TES) and adaptation to fluctuations with flow control. However, it should be noted that both of these
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approaches have certain drawbacks, such as potential energy loss from the heat source and insufficient
energy utilization. As a solution, improving the performance of ORC turbines through the addition of
instruments and the adjustment of turbine geometry is important to maximize the efficiency of ORC turbine
systems when dealing with complex heat source fluctuations [8].

Additional instruments were adopted to improve the performance analysis of the cycle and its
components. Increased sensor redundancy was used to further characterize the efficiency of the turbine by
installing an extra flow meter at the front of the turbine and doubling the temperature and pressure probes at
the turbine outlet. Pressure measurement points were also added on the turbine stator ring to characterize the
supersonic expansion along the stator blade path, estimate trailing-edge shock losses, and assess how the
expansion is shared between the stator and rotor during the experiment [9]. The geometry of the stator and
rotor blades is altered to optimize the ORC turbine design. There are more than 50 optimized geometric
parameters, including the parametric variables of stator and rotor profiles, rotor angle of rotation, circular tilt
angle, and axial sweep, as well as the shape parameters of the end wall contours in the stator and rotor
domains [10]. The combination of a gas turbine system with an ORC power plant has a positive impact since
it raises the parameters of the geothermal brine flowing into the superheater, raising the ORC liquid's
evaporation temperature [11]. By examining the impact of various geometric control parameters on turbine
performance, it was discovered that some geometric control parameters can be modified to increase turbine
performance [12]. Testing ORC turbine refers to the evaluation and analysis of the performance of turbines in
organic Rankine cycle (ORC) systems. The design of ORC turbines is crucial for system efficiency and cost.
Several abstracts discuss the design and performance prediction of ORC turbines [12]-[14]. Experimental
campaigns and numerical simulations are used to validate and improve the design of ORC turbines [15].
Time choice of working fluid also affects turbine performance, with different fluids showing varying degrees
of matching with the heat source [13]. Additionally, the use of partial admission and adaptable turbine
geometry can enhance the efficiency of ORC turbines [16], [17]. Overall, these studies provide insights into
the design, performance, and optimization of turbines in ORC systems.

2.2. Technology readiness level

Technology readiness level (TRL) is defined as a systematic measurement that objectively assesses
the level of readiness of a technology [18]. NASA originally used TRL in the middle of the 1970s to evaluate
the development stage of new technologies [19]. Furthermore, NASA, the United States Air Force, and the
Department of Defense collaborated to refine and generalize TRL [20]. Technology readiness levels (TRL)
are characterized as an assessment metric, to evaluate the maturity of technology [21]. It is used to determine
the availability of new technologies [22].

Currently, the TRL consists of nine levels out of seven levels previously introduced by NASA,
which were subsequently adopted by the US Department of Defense and have been adapted to the needs [23].
The nine-stage TRL refined and implemented by the US Department of Defense is the most often used
definition of TRL [21]. TRL can also be adapted to support an understanding of the capabilities and resources
required to develop technologies at different stages of development [24]. The nine TRL stages above can be
grouped based on the stages of the validation environment where the innovation product is developed: i) In
the first four levels (TRL 1-4), the technology validation environment is in the laboratory; ii) In levels
5 and 6, the technology is being validated in an environment with characteristics similar to the real
environment; and iii) The last three levels (TRL 7-TRL 9) deal with the testing and validation of the
technology in a real environment [25].

In addition, TRL can also be grouped based on the type and size of the entity that is developing the
technology. Technologies that have only been developed at the academic or research level have a low TRL.
Medium to high-range TRL refers to small and medium-sized companies with prototypes or ready
technology that can be successfully scaled up. Technologies developed by large companies with significant
R&D resources and opportunities to explore economies of scale have the highest TRL [26]. Technology
readiness level (TRL) is a framework that has been used in many industries to provide a measurement of
technology maturity from idea generation to commercialization [27]. For example, TRL is used to measure
the technological readiness of innovative products in various sectors, such as biomass electricity, the
chemical industry, and food processing [20], [21], [28].

2.3. Innovation readiness level

Technology is a key driver of innovation and long-term business growth; hence, both the private and
public sectors invest heavily in research and development. An approach to increasing the efficiency of this
huge investment would reap major benefits in the form of the creation of cutting-edge technologies with a
more focused impact that would fulfill market demand and promote improved, sustainable company
growth [29]. The concept of technology readiness levels (TRLs) has been developed as a tool to assist in
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monitoring technology development and is now very familiar in the innovation lexicon [30]. The term
originated with NASA in the 1980s in order to help management make decisions concerning the development
and transitioning of technology [31]. The original definition of TRL included seven levels, but in the 1990s
NASA adopted a nine-level scale that subsequently gained widespread acceptance [23].

Based on the concept of technology readiness levels (TRLs), it introduced innovation readiness
levels (IRLs) as a more holistic systems approach. This approach recognizes that successful and sustained
innovation involves challenges rooted in technological uncertainties, ambiguous market signals, and
embryonic competitive structures [32]. It is used to assess or evaluate the degree to which an enterprise is
ready to adopt and implement innovative ideas and practices [33].

IRL aims to provide better monitoring and control based on a framework that shows how innovation
develops over its lifecycle. Technology, market, organization, partnership, and risk were recognized as the
five major components of innovation that have the most influence on how well ideas are implemented at
different stages of the innovation life cycle [34]. Of these five key aspects identified, two are key drivers of
innovation, namely technology and the market, while the other three are modifying and constraining
variables to their exploitation: risk, organization, and partnership [32]. The risk considered by Tao and
colleagues is "technology risk,” i.e., the probability of science and engineering being able to deliver a
technological solution to a particular problem. In terms of TRL, since it focuses on the technical maturity of a
technology, it can be utilized to measure the first key aspect of the innovation readiness level, i.e., the
technology aspect. TRL is equivalent to IRL 1 to IRL 3 for concept (TRL 1-3), component (TRL 4-6), and
completion (TRL 7-9) of technological development [32].

3. METHODS

Data collection was conducted using surveys and interviews with ORC turbine research team leaders
and members. This research uses qualitative and quantitative methods to determine the level of innovation
readiness (IRL) and technology readiness level (TRL). In the first stage, an analysis was conducted using the
IRL framework. This method is used to assess the level of innovation readiness of ORC turbines. The IRL
framework evaluates five different aspects. The assessment will reveal areas that still need improvement and
those that have been reinforced by research activities. The purpose of this study is to provide an overview of
what aspects need more attention in order to master the design and manufacture of ORC turbines. The results
of the analysis were then discussed and verified with the lead researcher and his members.

In the second stage, the analysis was conducted using the TRL framework. This method is used to
evaluate the technological readiness of ORC turbine research results. This TRL analysis will identify the
stages of research that must be carried out and the necessary resource requirements. The analysis result will
reveal resources not yet available, and solutions to overcome the problem can be prepared. The analysis is
carried out by compiling a table of research activities at each stage of technological readiness (TRL),
resource requirements, and availability.

4. RESULT AND DISCUSSION

Based on information from ORC turbine researchers at the Process and Manufacturing Industry
Technology Research Center (BRIN) in 2023, a new ORC turbine prototype, a hermetic-type turbine, will be
constructed and tested at the WPEE pilot plant in 2024 to be evaluated in a real environment. The WPEE has
a household waste treatment capacity of 30 tons per day. The following are the results of the ORC turbine
product IRL assessment, with five aspects in IRL and an explanation of each aspect.

4.1. Technology aspect

The design in ORC turbine research has been supported by personnel who are experts in turbine
technology and the numerical analytical software required to validate the concept. The human resources
consist of three groups: i) Energy conversion experts who analyze thermodynamics and fluid dynamics to
determine the pressure, temperature, and fluid mass flow parameters required to obtain the planned power;
ii) Structural experts for design and structural strength analysis and material selection; and iii) Manufacturing
experts for production process planning and quality control.

The design software owned is computer aided three-dimensional interactive application (CATIA) and
SolidWorks, which have the ability to design 3D-based components, 3D design assemblies, and make
engineering drawings. ANSYS mechanical is used for structural strength analysis of components, while
ANSYS fluent, or NUMECA, is used for computational fluid analysis. The design and its analysis begin with
the manufacture and assembly of components using CATIA or SolidWorks software. ANSYS mechanical is
also used to assess the components for structural strength and mechanical characteristics. The design data and
attributes are then used in ANSYS Fluent or NUMECA software for fluid and power analysis. The ORC turbine
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design analysis reveals that numerous materials may be utilized to produce the ORC turbine. It is feasible to
employ materials produced by domestic industries, such as stainless steel for the rotor and stator, and carbon
steel plate for the turbine casing, to lower material costs and boost local content in the ORC turbine.

The above conditions indicate that research activities for both types of ORC turbines to identify
potential technology or product improvements and technological feasibility can be carried out due to
adequate human resources and research facilities. As a result, the technological element required in IRL 1 can
be met. To satisfy the objective of IRL 2, the design must be created in the form of a prototype and tested in a
laboratory. The rotor, stator, casing, and shaft are prototypes of ORC turbine components that are being
manufactured. The prototyping was conducted by the domestic industry, which became the partner for ORC
turbine design development. In compliance with API 611 specifications, the balance of both ORC turbine
prototypes was checked on the rotor and stator using a balancing test tool. Testing was carried out in a
manufacturing industry with balance test facilities. To ascertain the presence of leaks, a hydrostatic test was
also performed. Both ORC turbine prototypes were tested using water vapor, and the findings indicated that
the standard type turbine leaked at 3000 rpm, while the hermetic type turbine did not leak until 6000 rpm.
Testing is carried out in manufacturing industries that have hydrostatic test facilities.

In 2022, intellectual property has been filed in the form of a turbine industrial design, and it is
expected that the industrial design certificate can be obtained in 2023. Then, in 2023, a patent will be filed for
the developed hermetic-type ORC turbine. Thus, the technological aspect requirements in IRL 2 have been
met, but the turbine component test facilities are still dependent on the industry. This condition forces turbine
research activities to cooperate with the industry for prototyping and testing. Hydrostatic test facilities in
industrial businesses are used to conduct testing. Intellectual property in the form of a turbine industrial
design was filed in 2022, and it is anticipated that the industrial design certificate will be available in 2023.
The designed hermetic-type ORC turbine will then have a patent application made for it in 2023. As a result,
IRL 2's technological aspect criteria have been satisfied, but the turbine component test facilities are still
dependent on the industry. This condition requires turbine research activities to collaborate with the industry
for testing and development.

Requirements to achieve IRL 3 are actual system demonstrated, external tests completed, and
intellectual property protected. There are currently no testing facilities available to validate the design;
therefore, evaluating the turbine's performance in an actual working environment is not possible. IRL is
classified into two categories: technology development and market evolution. The technology development
category is divided into three stages: concept (IRL 1), component (IRL 2), and completion (IRL 3). Based on
the technical aspects discussed above, the stages of technology development in IRL can be achieved if there
are experts in their fields, software for numerical analysis and modeling, manufacturing facilities for
prototyping, testing facilities for design verification and validation, as well as product certification. Thus, we
can determine from the start whether the technological development stage is achievable by looking at the
availability of the required resources.

4.2. Market aspect

The need for ORC turbines by a research partner, a private waste processing enterprise, drives the
development of innovative products. Market demand and needs are identified through the planned installation
of ORC turbines in waste processing units in a number of locations, including Soreang, West Java (5 units),
Morowali (3 units), Yogyakarta (5 units), South Tangerang (3 units), and Tebet DKI (5 units). As a result, the
market aspect requirement in IRL 1, which calls for doing market research with industry partners to identify
the demand for ORC turbines, is fulfilled.

In addition, the assessment for IRL 2 requires market identification and the establishment of a
product launch plan. According to presidential regulation of the Republic Indonesia Number 35 of 2018
concerning the acceleration of the Development of Waste Processing Installations into Electrical Energy
Based on Environmentally Friendly Technology (WPEE), it is necessary to accelerate the development of
WPEE, in the waste management sector by setting targets in 12 regions (1 province and 11 cities). The
designated areas can then be recognized as prospective target markets.

In partnership with a waste-to-energy firm, the ORC turbine will be examined for performance this
year by integrating it with a waste-to-energy company in Bandung. If the ORC turbine operates as expected
at the WPEE in Bandung, it will be implemented at other WPEEs in collaboration with the local government.
Furthermore, other potential markets were identified based on discussions with researchers and industry
partners, including a number of user industries, such as PLN, which uses ORC turbines for PLTP, as well as
process and biomass industries that use ORC turbines to meet electricity needs in production facilities. The
market aspect of IRL 2 has been met based on the aforementioned requirements, which include the
identification of possible target markets and a product launch strategy.
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IRL 3 requires the identification of customer-specific needs to meet community demands and
address identified problems. In order to generate heat for the ORC turbine system, the customer required a
small-scale ORC turbine with a capacity range of 100—300 kW. Through a feasibility analysis, ORC turbine
capacity and market share were estimated. The product price is more competitive than that of imported
goods. The market price for imported goods is 2.5 M (IDR) for 100 kW, whereas the price for domestic
goods is 1.1 M (IDR) for 100 kW. As a result, the market aspect of IRL 3 has been fulfilled.

The product already has a strong market position, with the price projected to be 50% lower than
imported goods, and local industries are ready to produce it. The established business model involves BRIN,
the turbine manufacturing industry, the waste treatment equipment manufacturing industry, and the local
government that will use the WPEE in its territory. Users who will use ORC turbines in the WPEE under
construction have provided feedback. There is currently no domestic industry producing ORC turbines; hence,
there is no domestic industry competitor. To accommodate demand at the moment, more expensive imported
ORC turbines are used. Partnerships have been made with industry in collaboration with local governments to
enter the ORC turbine market. As a result, the market component of IRL 4 is fulfilled. Currently, all aspects of
IRL 5, which include products differentiated, services and solutions provided, periodic review conducted,
business model refined, and partnership as an option to compete, have not been met.

4.3. Organizational aspect

BRIN, as a research institution, has appointed the Energy and Manufacturing Research Organization
to develop strategies and conduct ORC turbine research. The required research resources, especially from
LPDP, BRIN Program Houses, and collaborators, have been determined, allowing the organizational
components of IRL 1 to be met. A business plan and analysis have been developed with partners, as well as
the involvement of key individuals, including the leader of team research from BRIN and partner
representatives, both users and producers. It fulfills the organizational aspects of IRL 2 and IRL 3. The IRL 4
aspect has not been met since the formalizing organization has not been established, particularly in terms of
the organization's ability to anticipate a dead valley or chasm.

4.4. Partnership aspect

Potential partners for ORC turbine research activities have been identified, and collaborations with
the industry have been established appropriately. Hence, the partnership aspect of IRL 1 has been fulfilled.
PT. Bumi Resik Nusantara, the ORC turbine research partner, is capable of designing and integrating a waste
processing system that will be combined with the ORC turbine system to produce a waste processing system
that creates electrical energy. Therefore, the partnership aspect of IRL 2 has been met. Nevertheless, the
partnership requirement of IRL 3 has not been fulfilled because the collaboration has not been formalized.

4.5. Risk aspect

Technological risk studies have been taken into consideration at each stage of the research, and the
technical feasibility of making turbines has been based on API 611 and SNI 1SO 10437 2017 standards. The
materials for producing ORC turbine components can be obtained through imports or from domestic
industry, and the manufacturing process can be done domestically. The risk aspect of IRL 1 has been
fulfilled. However, the testing process has yet to begin because it requires an accredited turbine testing
facility. As a result, the risk aspect of IRL 2 has not been met.

IRL measurements of ORC turbines reveal that they are at IRL 2. However, one indicator,
intellectual property protection, has not been met. It demonstrates that the ORC turbine innovation product is
still in the technology development phase. Figure 1 depicts the findings of the assessment of the five IRL
framework components.

The assessment result shows that the product is in TRL 6, which indicates that the steps of design,
engineering analysis, validation, and testing of components and/or product prototypes in a laboratory
environment have been performed. The existing testing laboratory, however, can only evaluate rotation and
power by using steam from the boiler as a working fluid. Such testing laboratory facilities still require
improvement. For example, the ORC turbine prototype was tested at the University of Hannover using an
ORC test bench capable of testing various ORC fluids and components with the purpose of validating
numerical calculations and the design [35]. To test the ORC turbine, an ORC system with a preheater and
superheater was developed [36].

To achieve TRL 9, the following steps need to be taken: i) The performance is demonstrated in an
operational environment; ii) A representative model that fully reflects all aspects of the design has been built
and tested with adequate safety limits to demonstrate performance in the actual environment (TRL 7);
iii) The model is qualified, integrated, and functionally tested (TRL 8); iv) The technology is mature; v) The
system has been operated under all conditions, extents, and ranges; and vi) The element is operating
successfully for the designated application in the actual operating environment (TRL 9).
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The ORC turbine system industrial design has been registered. In addition, the ORC turbine design
is being optimized for patenting to fulfill the requirements for achieving IRL 2. Then, to attain IRL 3, it is
necessary to complete the stages of technology development from TRL 6 to TRL 9, as described above. The
development of this technology requires a waste processing for electric energy (WPEE) pilot plant to test the
ORC turbine, with a turbine capacity below 500 kW (in accordance with the capabilities of the domestic
manufacturing industry in developing waste processing).

To achieve TRL 9 or IRL 3, testing under actual conditions is required, as well as certification from
an external party (an accredited testing organization). However, there is currently no accredited testing
institution in Indonesia. The current test is carried out by making a prototype that is installed on an existing
generating system. According to the technology readiness assessment, the ORC turbine is at TRL 6, where
the TRL intersects the IRL section, as shown in the Figure 2.

Innovation Readiness Level {IRL)
0 1 2

e [ ———

Technology
4

Risk Market ORC
" Turbine

Partnership Organization

0 1 2 3 4 5 6 7 8
Technology Readiness Level {TRL)

Figure 1. The five aspects of IRL for ORC turbine Figure 2. TRL-IRL ORC turbine

Based on the stages of ORC turbine research that have been completed and those that must be
completed, the issues encountered in achieving TRL 9 may be summarized by stating the research activities
that must be completed and the resources required, as indicated in Table 1. The table shows that a
performance testing facility is required to reach TRL 8 in order to continue ORC turbine research.
Furthermore, to achieve TRL 9, a certification agency must be available to ensure the quality of the ORC
turbine in accordance with the reference standard. The commercialization of ORC turbine research results is
not possible without these testing facilities and certification agency.

Table 1. Resources availability for TRL ORC turbine

TRL Target activity Resources Resources Availability

1 Basic principles of the technology have been observed . Turbine expert Auvailable

and reported . Literature

2 Concept formulation and/or formulation application . Turbine expert Auvailable
. Software simulation
. Turbine expert Available
. Software simulation
. Turbine modelling laboratory
. Turbine expert Available

1

2

1

2

3 Analytical studies on separate elements of the 1
technology. Laboratory based trials that show the 2
feasibility of the predictions 3

4 Basic technological components integrated together to 1
show that they work together. At this point, durability is 2. Component turbine testing facility
not yet important 3. Workshop

5 Basic technological components integrated within 1. Turbine expert Available
realistic context under a fully controlled environment in 2. Component turbine testing facility
or outside the lab 3. Workshop

6 A functional version of the product working on a 1. Turbine expert Available
realistic environment able to draw conclusions on the 2. Functional turbine testing facility
technical and operational capabilities of the product 3. Workshop

7 A manufacturable version of the product working in an 1. Turbine expert Performance turbine
environment that addresses all the operational 2. Turbine manufacturing facility testing facility is not
requirements for the product 3. Performance turbine testing facility ~ feasible

8 Product in its final design working in full mode under Turbine expert Available
expected conditions and periods

9 Product in its final design under full commercial Certification agencies Not available
deployment
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5. CONCLUSION

The two phases of the IRL are technological development and market evolution. The analysis results
show that the ORC turbine market is ready, but the technology is still in the early stages of development
(IRL 2). Intellectual property protection, product testing, and certification must be completed in order for a
product to reach IRL 3 and be prepared to enter the brink stage as part of the market evolution phase.

Product commercialization is only possible when IRL 3 or TRL 9 have been reached, which occurs
after product performance feasibility testing. Only a product certification agency, which is currently
unavailable in Indonesia, may undertake these tests. As a result, this study will not be successful in entering
the commercialization stage. To ensure the success of ORC turbine research, it is required to establish a
product certification agency with testing capabilities to ensure the turbines performance. To achieve the
commercialization goal of ORC turbine research results, it will take some time until turbine certification is
available. Using the IRL and TRL approaches, it is possible to determine at what stage research activities
cannot be continued due to factors such as the availability of human resources, humerical analysis software,
prototyping facilities, testing facilities in the actual environment, and a research product certification agency.

From the experience of the ORC turbine research conducted since 2007 to the present day, it is
impossible to commercialize the results of the research. This is because no test labs are available to determine
the design performance of the ORC turbine. Once the test lab is available, it turns out there is no certification
agency for turbines to reach TRL 9 as a condition for moving to the commercial phase. This time-consuming
research process would not have happened if we had previously analyzed the resource requirements for each
stage of research, or TRL.
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