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Abstract. This study estimates the energy yield and evaluates the techno-
economic feasibility of a rooftop photovoltaic (PV) system for the Faculty
of Mathematics and Natural Sciences (FMIPA) building at Universitas
Negeri Jakarta following the removal of net metering under Indonesian
Ministerial Regulation No. 2/2024. The proposed system utilizes 180 m? of
unobstructed rooftop space, enabling the installation of a 28.6 kWp
monocrystalline PV system. The assessment covers annual energy
production, levelized cost of electricity (LCOE), net present value (NPV),
internal rate of return (IRR), and payback period under a conservative self-
consumption scheme aligned with the current regulatory framework. Based
on Jakarta’s solar irradiance of 1,750 kWh/m*year and an assumed
performance ratio of 0.78, the system is estimated to produce 39.8 MWh
annually, equivalent to a specific yield of 1,392 kWh/kWp/year, while
reducing approximately 24 tCO: emissions each year. With an investment
cost of Rp 14 million/kWp and an electricity tariff of Rp 1,699.53/kWh, the
system achieves an LCOE of Rp 1,244/kWh, an NPV of Rp 119 million, an
IRR of 11.0%, and a payback period of 8.8 years over a 25-year project
lifetime. The findings indicate that campus-scale PV deployment remains
economically feasible despite the elimination of net metering.

1 Introduction

Indonesia remains Southeast Asia’s largest electricity consumer and a highly coal-dependent
power system, with coal supplying more than 60% of generation in 2024 [1]. As electricity-
sector decarbonisation is central to Indonesia’s NDC and Enhanced NDC, rooftop
photovoltaic (PV) deployment has become an important renewable-energy strategy,
supported by the national target of 3.6 GW rooftop PV capacity by 2025 [2, 3].
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Indonesia’s rooftop PV policy changed significantly with Regulation No. 2/2024 of the
Minister of Energy and Mineral Resources of the Republic of Indonesia, hereafter referred to
as Ministerial Regulation No. 2/2024, which replaced Ministerial Regulation No. 26/2021.
The new regulation removes net metering, introduces five-year quota-based deployment
planning with biannual registration windows, and provides a ten-year transition period for
previously approved systems [3]. While the removal of net metering may reduce the
attractiveness of rooftop PV for households and small businesses with night-time peak
demand, its implications differ for institutional users with daytime electricity consumption
[31.

State universities are structurally well suited for rooftop PV deployment because they
have available roof areas, stable building ownership, daytime electricity demand profiles, and
public mandates to support the Sustainable Development Goals (SDGs). However, peer-
reviewed studies on rooftop PV energy yield estimation and techno-economic feasibility in
Indonesian state universities remain limited, particularly under the post-net-metering
regulatory regime. This paper addresses that gap by assessing a rooftop PV system for the
Faculty of Mathematics and Natural Sciences (FMIPA) building at Universitas Negeri
Jakarta (UNJ). Building on Wahyu et al. [4], who identified approximately 180 m? of
obstruction-free rooftop area and designed a 5.46 kWp off-grid system for a laboratory, this
study scales the design to a 28.6 kWp grid-connected self-consumption system. The analysis
estimates annual energy yield and evaluates LCOE, NPV, IRR, payback period, and avoided
CO, emissions under Ministerial Regulation No. 2/2024 using a conservative self-
consumption scenario. The study contributes by providing a current energy yield estimation
and techno-economic feasibility assessment for a state university building in tropical Jakarta
and by offering a replicable approach for institutional energy planning aligned with SDG 7,
SDG 11, and SDG 13.

2 Related literature on Indonesian campus photovoltaic systems

Indonesian university rooftop PV studies remain limited and largely predate the 2024
regulatory shift. Tarigan [5] estimated specific yields of 1,200-1,400 kWh/kWp/year for
university buildings in Surabaya, with later work extending the analysis to grid-connected
residential and small commercial systems [6,7]. Campus studies at Universitas Indonesia [8],
Universitas Andalas [9], and other institutional buildings [10] generally combine technical
feasibility assessment with economic indicators such as NPV, IRR, LCOE, and payback
period. The most directly relevant study is Wahyu et al. [4], which analysed an off-grid PV
system for the same FMIPA UNIJ building. Based on approximately 180 m? of obstruction-
free rooftop area, Wahyu et al. [4] designed a 5.46 kWp standalone, battery-backed system
for one physics laboratory and reported an estimated specific yield of 1,443 kWh/kWp/year
with a performance ratio of 71.4%. Building on this documented rooftop constraint, the
present study scales the system design to a 28.6 kWp grid-connected, storage-free
configuration for institutional self-consumption.

Two gaps emerge from the existing literature. First, prior studies share a common
analytical structure: resource assessment, system design, and discounted cash-flow analysis,
but remain fragmented across locations, building types, and institutional contexts. Second,
most studies predate the current regulatory regime, having used either the 1:1 credit scheme
under Ministerial Regulation No. 26/2021 or the 0.65 export-credit scheme under Ministerial
Regulation No. 49/2018. This study contributes an updated campus-based energy yield
estimation and techno-economic feasibility assessment under Ministerial Regulation No.
2/2024, where uncompensated export makes self-consumption the central determinant of
economic feasibility.
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3 Methodology

3.1 Site description and roof area assessment

Universitas Negeri Jakarta (UNJ) is a state university located in East Jakarta. Its Faculty of
Mathematics and Natural Sciences (FMIPA) houses the Physics and Physics Education
undergraduate programmes. The FMIPA building is a ten-storey reinforced-concrete
structure approximately 32 m in height. Following Wahyu et al. [4], this study adopts 180 m?
as the usable obstruction-free rooftop area after excluding penthouses, HVAC units,
walkways, and required setbacks. This area is used as the design envelope for the proposed
PV system. Wahyu et al. [4] measured a daily load of 20.6 kWh/day (7.42 MWh/yr) for a
single physics instrumentation laboratory; this is the only sub-metered consumption datum
available for the FMIPA building in the open literature. Whole-building consumption is
plausibly an order of magnitude larger, but absent a verified PLN bill or building-level energy
audit, the present study reports system performance in absolute terms (kWh/yr, tCO,/yr)
rather than as a percentage offset of building demand.

3.2 Solar resource assessment

Solar resource data for the Jakarta site were obtained from established satellite-derived
databases. Indonesia's daily average Global Horizontal Irradiation (GHI) is 4.8 kWh/m?/day,
with relatively uniform distribution across the archipelago [11]. For the Jakarta location, the
long-term annual average GHI on a horizontal surface is taken as 1,750 kWh/m*yr [12]. At
low latitudes near the equator, optimal panel tilt is small (10-15°), and the Global Tilted
Irradiation (GTI) on an optimally tilted surface is approximately 1.02 x GHI [12, 15]; this
gives a GTI of approximately 1,785 kWh/m?/yr. The monthly distribution used in the analysis
follows the Jakarta annual cycle reported by Veldhuis and Reinders [11] and is summarised
in Table 1.

3.3 PV system design

The PV system is designed using current-generation monocrystalline silicon modules rated
at 550 Wp with 21.3% efficiency, representative of products commercially available on the
Indonesian rooftop PV market in 2024-2026. Module physical area is 2.58 m? under standard
test conditions (STC, 1,000 W/m?). A roof packing factor of 0.75 is applied to account for
inter-row spacing required to avoid mutual shading at the chosen tilt, structural walkways,
and inverter access. Applied to the 180 m? obstruction-free area, the design accommodates
52 modules (180 x 0.75 / 2.58 = 52.3), corresponding to an installed peak capacity of 28.6
kWp. String inverters with European efficiency > 97% are assumed, internalised within the
system performance ratio. The system is sized for grid-connected on-site self-consumption,
in line with the post- Ministerial Regulation-2/2024 regulatory framework that does not credit
grid export. No battery storage is included, in contrast to the off-grid design of Wahyu et al.
[4]; this reduces capital cost and reflects the daytime-dominant load profile of an academic
building.

3.4 Energy yield calculation

Annual energy production is computed using the standard simplified PV yield equation [15]:
Eannual = GTlannual X Pinstalled X PR (1)
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where Eqannual is annual energy production (kWh/yr), GTlannual is annual in-plane irradiation
(kWh/m?*/yr), Pinstallea 18 installed peak capacity (kWp), and PR is the system performance
ratio. PR captures the combined effect of module temperature derating, soiling, inverter
efficiency, DC/AC mismatch, wiring, availability, and other balance-of-system losses. The
PR parameter folds in the relationship Pinstalica = A * 1 x 1,000 W/m? under STC, so Equation
(1) is equivalent to the more general form £ = GTI x A x 1 x PR. For tropical climates with
ambient temperatures of 28—32 °C, PR values reported in the Indonesian PV literature range
between approximately 0.71 and 0.82 [4, 5]. The lower end of this range corresponds to
PVsyst-simulated values for off-grid systems with battery storage losses (e.g., Wahyu et al.
[4] report PR = 0.714 for the off-grid laboratory system on this building), while the upper
end corresponds to grid-connected systems without storage. A PR of 0.78 is adopted as the
central value in this study; this is recognised as being at the upper-central range of measured
Indonesian results and is treated as a primary sensitivity parameter in Section 4.4.
Substituting the design values yields Eannual = 39,820 kWh/yr, with a specific yield of 1,392
kWh/kWp/yr.

3.5 Techno-Economic Feasibility Analysis of the PV System

3.5.1 Cost assumptions

Capital expenditure (CAPEX) is assumed at Rp 14,000,000/kWp, representing a conservative
base-case estimate for Indonesian commercial rooftop PV systems, resulting in an initial
investment of approximately Rp 400 million for the 28.6 kWp system. Operations and
maintenance (O&M) costs are assumed at 1.5% of CAPEX in the first year and escalated at
3% per year in nominal terms. Inverter replacement is assumed in year 11 at 10% of CAPEX,
reflecting typical string-inverter lifetimes [15]. The residual value of the second inverter at
the end of the project period is omitted due to its limited effect on the feasibility results.
Module degradation is modelled linearly at 0.5% per year.

3.5.2 Electricity tariff

UNUJ is a state university and is therefore classified under the government customer category.
Under Regulation No. 7/2024 of the Minister of Energy and Mineral Resources of the
Republic of Indonesia governing electricity tariff adjustments [13], the applicable tariff for
the P-1/TR class, covering low-voltage customers from 6,600 VA to 200 kVA, is Rp
1,699.53/kWh as of Q2 2026. The P-2/TM tariff for medium-voltage customers above 200
kVA is Rp 1,522.88/kWh. In this study, the FMIPA building is assumed to fall under the P-
1/TR tariff category. PLN electricity tariffs are escalated at 3% per year in the cash-flow
model, consistent with the nominal modelling framework used for O&M escalation and
discounting.

3.5.3 Self-consumption

Under Ministerial Regulation No. 2/2024, excess electricity exported to the PLN grid
receives no compensation. Consequently, the economic value of rooftop PV generation
depends primarily on the proportion of electricity consumed on site. For a faculty building
operating mainly on weekdays during teaching, laboratory, and administrative hours,
approximately 07:00—-17:00, with lower demand on weekends and holidays, this study adopts
a conservative base-case self-consumption ratio of 70%. This ratio is applied to annual energy
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generation as a coarse approximation because hourly load-profile matching is beyond the
scope of this single-scenario feasibility study. The remaining 30% of generated electricity is
treated as uncompensated export or curtailed generation with no economic value. This
assumption is deliberately conservative; improved alignment between teaching, laboratory,
cooling, and administrative loads and the PV generation profile could increase self-
consumption and improve project economics.

3.5.4 Financial indicators

Project economics are evaluated over a 25-year project lifetime using a nominal discount rate
of 8%. All cash flows are expressed in nominal Rupiah. Electricity tariffs and O&M costs
are escalated at 3% per year, maintaining consistency between nominal cash flows and the
nominal discount rate. The model calculates net present value (NPV), internal rate of return
(IRR), levelized cost of electricity (LCOE), simple payback period, and discounted payback
period. LCOE is calculated as total discounted lifetime costs, consisting of CAPEX,
discounted O&M, and discounted inverter replacement, divided by total discounted lifetime
gross electricity generation. Because LCOE is calculated on a gross-generation basis and is
independent of self-consumption, it represents the supply cost of solar electricity for
comparison with the grid tariff. Curtailed or uncompensated exported electricity affects NPV,
IRR, and payback period, but not the gross-generation-based LCOE.

4 4 Results

4.1 Energy yield

The 28.6 kWp system produces approximately 39.8 MWh in year one, distributed fairly
evenly across the year owing to Jakarta's equatorial location, with monthly output ranging
from ~3,100 kWh (February, June) to 3,580 kWh (October). The specific yield of 1,392
kWh/kWp/yr is consistent with other Indonesian tropical-climate university studies (Tarigan
[5]: 1,200-1,400 kWh/kWp/yr for Surabaya; Wahyu et al. [4]: 1,443 kWh/kWp/yr for the
off-grid system on the same FMIPA building, slightly higher owing to the absence of grid-
export curtailment). At 70% self-consumption, the system offsets ~27,900 kWh on site
annually.

4.2 Economic Performance

Table 1 reports the key economic indicators. The LCOE of Rp 1,244/kWh is ~73% of the
applicable PLN P-1/TR tariff (Rp 1,699.53/kWh), indicating that on-site generation is cost-
competitive with grid electricity on a per-kWh-generated basis. Over the 25-year life, the
system yields an NPV of ~Rp 119 million at an 8% nominal discount rate, an IRR of 11.0%,
simple payback at 8.8 years, and discounted payback at 16.0 years. LCOE is computed on a
gross-generation basis; since 30% of generation is assumed curtailed without revenue under
the post-net-metering regime, the effective cost per delivered (self-consumed) kWh is Rp
1,244 / 0.70 = Rp 1,777/kWh, slightly above the grid tariff. The positive NPV is therefore
driven principally by tariff escalation (3%/yr nominal) and the 25-year lifetime rather than
an immediate year-1 cost advantage (see Section 4.4). Two factors nonetheless support the
favourable economics: the institutional P-1/TR tariff sits well above the generation-basis
LCOE, creating a stable arbitrage once self-consumption is high; and the daytime alignment
of solar generation with university hours sustains a high self-consumption ratio without
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battery storage, unlike the off-grid design of Wahyu et al. [4], where storage losses raise cost
and reduce PR.

Table 1. Performance indicators for the UNJ FMIPA rooftop PV system.

Indicator Value
Usable rooftop area ~180 m?
Installed capacity 28.6 kWp
Number of modules (550 Wp each) 52
Annual energy generation (year 1) 39,820 kWh
Specific yield 1,392 kWh/kWp/yr
Self-consumption ratio (assumed) 70%
Effective self-consumed energy (year 1) 27,874 kWh/yr
Total CAPEX Rp 400 million
Annual O&M (year 1, 1.5% of CAPEX) Rp 6.0 million
LCOE (gross-generation basis) Rp 1,244 /kWh
LCOE /PLN P-1/TR tariff ratio 0.73
NPV @ 8% nominal discount rate Rp 119 million
Internal rate of return (IRR) 11.0%
Simple payback period 8.8 years
Discounted payback period 16.0 years
Annual avoided CO, emissions 24 tCO, / yr
Lifetime avoided CO, emissions ~560 tCO,

4.3 Environmental Performance

Avoided emissions are estimated using the Java-Bali grid emission factor of 0.85 kg
CO2/kWh [14]. At ~27,900 kWh self-consumed in year 1, annual avoided emissions are ~24
tCO,; accounting for linear degradation, lifetime avoided emissions over 25 years are ~560
tCO,. This contributes to SDG 7, 11, and 13 and aligns the building with national NDC
commitments. Although per-building mitigation is modest, the framework is designed for
replication across UNJ buildings, aggregating ten installations would yield reductions on the
order of 250 tCO,/yr, comparable to small commercial PV portfolios.

4.4 Sensitivity considerations

A full multi-scenario analysis is beyond this single-scenario study, but four parameters merit
attention in future work. (i) Performance ratio: the adopted PR of 0.78 sits at the upper-central
range of Indonesian results; reducing it to 0.72 (consistent with Wahyu et al. [4] and field
measurements showing PVsyst overestimates tropical PR by 10-20 points) cuts annual
generation to ~36,800 kWh and lowers NPV by ~Rp 30—40 million. (ii) Capital expenditure:
a +20% range (Rp 11.2—-16.8 million/kWp) shifts IRR by ~+2 points and simple payback by
+1.5 years. (iii) Self-consumption ratio: at 85% self-consumption, IRR exceeds 13% and
simple payback falls below 7.5 years; at 55%, payback exceeds 11 years. (iv) PLN tariff
escalation: the 3%/yr nominal assumption matches long-run Indonesian CPI; flatter
trajectories extend payback; steeper ones shorten it. Future work should formalise these as a
structured sensitivity table and add stochastic Monte Carlo analysis [13].

5 Discussion and Implications

The principal finding that rooftop PV remains economically viable for institutional users
even after the abolition of net metering is consistent with the IESR analysis that residential
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and small-business users were the segment most adversely affected by Ministerial Regulation
No. 2/2024 [3]. Daytime-dominant institutional users with stable load profiles preserve most
of the economic value of self-generation without depending on grid export revenue. State
universities are particularly well-positioned: they combine substantial roof areas, daytime
operating hours aligned with PV generation, institutional capital access through public
budgeting mechanisms (PTN-BH funding arrangements), and SDG-aligned institutional
missions that support sustainability investments.

For UNJ specifically, the results suggest a clear pathway from feasibility to deployment.
A 28.6 kWp system sized requires no battery storage to achieve viability, and delivers
measurable financial and environmental benefits over its operational life. The capacity is
constrained primarily by the geometry of existing rooftop infrastructure (elevator and
maintenance penthouses, HVAC compressors), not by structural or electrical limits;
relocation or consolidation of these structures, or the use of elevated mounting systems above
them, could increase usable area in future redesigns. Replication across multiple UNJ
buildings could scale these benefits substantially. The FMIPA installation, in particular,
would create an applied physics demonstration accessible to the host departments, supporting
both teaching (instrumentation, renewable energy, monitoring data analysis) and research
(performance characterisation in tropical climates), complementing the off-grid laboratory
installation analysed by Wahyu et al. [4].

Three policy implications follow. First, the analysis underscores the importance of tariff
stability for the economic case of institutional PV: institutional investors evaluating 25-year
projects require reasonable confidence in long-run tariff trajectories. Second, the quota
mechanism introduced under Ministerial Regulation No. 2/2024, creates a registration risk
that warrants institutional attention; securing a deployment slot in the biannual registration
window is a precondition for project execution. Third, beyond direct economic and
environmental benefits, university campus PV systems generate substantial co-benefits in
education, research, and demonstration for sustainable development.

5.1 Limitations

This study has four limitations. First, energy yield is estimated using a simplified equation
rather than hourly PVsyst simulation, which could better capture temperature, soiling, and
shading effects. Second, the analysis uses a single conservative scenario; future studies
should include low, central, and high scenarios, supported by sensitivity tables or Monte
Carlo analysis for CAPEX, performance ratio, and self-consumption. Third, building-level
electricity consumption is not directly measured; based on comparable buildings, the system
may offset approximately 4-7% of annual consumption. Overall, these limitations indicate
that the findings should be interpreted as a conservative feasibility estimate, while more
detailed is needed to refine the technical and financial projections.

6 Conclusion

This paper examined the performance and energy feasibility of a 28.6 kWp rooftop PV
system for the FMIPA building at Universitas Negeri Jakarta, based on an obstruction-free
rooftop area of approximately 180 m?. The analysis was conducted under Ministerial
Regulation No. 2/2024, which removed net metering, and the PLN P-1/TR tariff of Rp
1,699.53/kWh under Regulation No. 7/2024. Assuming 70% self-consumption, the system
achieves an LCOE of Rp 1,244/kWh, around 73% of the institutional grid tariff, with an NPV
of Rp 119 million, an IRR of 11.0%, a simple payback period of 8.8 years, and annual avoided
emissions of approximately 24 tCO, over a 25-year lifetime. The findings show that rooftop
PV remains economically viable for Indonesian state universities after the removal of net-
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metering credits, particularly for institutions with daytime electricity demand. By preserving
value through self-consumption, campus-scale PV can support SDG 7, SDG 11, and SDG
13. Future research should incorporate facilities-level data, hourly PVsyst simulation, multi-
scenario sensitivity and Monte Carlo analysis, comparisons across UNJ buildings, and
integration with ISO 50001-based energy management practices.
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