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Overview
As one of the dynamic regions in the world, Southeast Asia strives to balance rapid economic growth with
long-term sustainability goals. Transitioning towards low carbon economic development has been slowly gaining
momentum in the regional and national political agenda. In the energy sector, several countries have pursued
aggressively to increase the share of renewable energies in their national energy mix in the medium to longterms. With diverse national policy objectives to promote renewable energies, the initial focus in the past was on
increasing deployment of utility scale renewable energy technologies. More recently however the focus is
broadened to cover deployment of small-scale renewable energy systems targeting the commercial and
residential sectors.
Among Southeast Asian countries, Malaysia, the Philippines, Singapore and Thailand have introduced
policy frameworks that incentivize residential households to invest in rooftop solar PV systems. The choice of
policy measures however has been disparate. Malaysia had introduced a feed-in tariff scheme; the Philippines
and Singapore, net metering arrangement (for non-contestable consumers); and Thailand, feed-in tariff policy
and more recently self-consumption scheme. The continued decline of solar PV system costs, and with high
financial obligations associated with feed-in tariff schemes, Malaysia and Thailand have recently announced to
introduce net metering policies. With these, policies to promote residential households’ deployment of solar PV
systems in the region converge towards incentivized self-consumption schemes. Incentivized self-consumption
schemes cover net metering and net billing arrangements. In both cases, energy generated by solar PV systems is
consumed first by residential households and excess generation is exported to the grid. Under a net metering
arrangement, excess electricity receives energy compensation while a net billing scheme offers monetary
compensation (IEA PVPS, 2016).
Based on these definitions, the schemes introduced in Malaysia and the Philippines and proposed in
Thailand are therefore not net metering but net billing frameworks. In these countries, surplus generation are
compensated based on the generation cost rather than energetic compensation. This paper evaluates the
economic attractiveness of installing solar PV systems under different incentive frameworks in Southeast Asia.

Methods
To assess the economic attractiveness of residential solar PV systems in Southeast Asia, the methods
adopted by the study are the following:
 The study considered 3 solar PV system sizes: 3.0 kW p, 5.5 kWp, and 12.0 kWp. The energy yield of the
rooftop solar PV power systems used in the analysis was estimated following the methodology
employed by Pacudan (2016, 2018) which takes into account the regional climatic data and plant
configuration. The study used the climatological database and program Meteonorm to derive the
radiation data (www.meteonorm.com). In estimating the solar PV power system energy production, the
study used typical polycrystalline solar PV modules and string inverter available in the market. The
energy production software used in simulating plant energy yield is PVsyst. The PVsyst model
estimates: i) annual energy yield, ii) specific energy yield or yield factor (YF), and iii) performance
ratio (PR) (www.pvsyst.com).
 To estimate the electricity consumption and export by residential households, a typical middle income
household with daily electricity consumption amounting to 50 kWh (1,500 kWh per month) was used in
the analysis. This load profile is based from Pacudan (2018). The average daily energy production
curves of the solar PV systems derived from PVsyst simulation were superimposed with this demand
profile. If a household uses a smaller 3 kWp system, between 89%-98% of the electricity generation
would be self-consumed in these 4 countries. If the household installs bigger systems, 5.5 kW p and 12.0
kWp between 69%-78% and 39%-42% of the energy generated would be self-consumed, respectively.
 The levelized cost of electricity (LCOE) for solar PV systems were estimated following IEA/NEA
(2010) using three alternative installed costs: i) US$ 1.5 per W p (low value), ii) US$ 1.75 per Wp (most
likely value), and iii) US$ 2.0 per Wp (high value). This range of installed costs for small-scale systems
is consistent with those in the ASEAN (ACE, 2016; Pacudan, 2018) and in IEA reporting countries
(IEA PVPS, 2017). The study considered only the capital and O&M costs. The latter is taken to be 1%
of the system installed cost. Decommissioning and other costs were not considered in the analysis. The
debt share used in the study was 70% and the project lifespan was 20 years.





To evaluate the competitiveness of rooftop solar PV, the LCOE of the small scale solar PV unit is being
compared with the average retail electricity price. When the LCOE of a given technology equals the
average price the consumer is paying to the distribution utility, the said technology is known to reach
‘grid parity’ (IEA PVPS, 2017). If the LCOE equals the average cost of generation, the ‘fuel parity’ is
said to have been achieved.
With the above financial parameters, financial cash flows were established for each project case. The
annual calculated cash flows are then used to compute investment appraisal indicators. The study used
the internal rate of return (IRR) and simple payback period as key indicators.

Results
Among Southeast Asian countries and for households with monthly consumption of 1,500 kWh per month,
the Philippines has the highest electricity tariff with more than US$0.21 per kWh and followed by Singapore
with more than US$0.15 per kWh. Thailand and Malaysia have tariff rates below US$ 0.15 per kWh. At solar
PV system installed cost scenario below USD 1.5 per Wp, households with monthly consumption of 1,500 kWh
and above have achieved past the grid parity (around US$ 10.7 per kWh in Thailand and the Philippines and
around US$ 12.0 in Singapore and Malaysia). The results indicate that with the existing electricity retail tariffs
and solar PV system prices, these households have strong financial incentives to invest in rooftop solar PV
technologies.
Feed-in tariff schemes are, in the past, the main policies to address the cost gap between the cost of
residential rooftop solar PV generation and retail electricity tariffs and responsible for increasing deployment of
residential solar PV technologies in Malaysia and Thailand. Due to premium tariff rates, investments under feedin tariff schemes have higher financial returns than those of incentivized self-consumption schemes. On the other
hand, net metering schemes generate higher financial returns than net billing schemes. The latter has reasonable
rate of return and not as excessive as those under the former schemes.
Smaller solar PV systems have the same financial returns with larger systems under feed-in tariff and net
metering arrangements. This implies that these schemes provide an incentive for households to install larger
systems and maximize exports. On the other hand, bigger systems have lower returns than smaller systems under
the net billing scheme. This is due to the fact that the export tariff rate is much lower than the opportunity cost of
self-consumption. The net billing policy design therefore has established a built-in disincentive to households to
oversize their solar PV system installations.

Conclusions
The achievement of grid parity have drawn interest from policy makers in Southeast Asia on incentivized
self-consumption policies as an alternative option for feed-in tariff scheme in stimulating investments from
residential consumers. The increased competitiveness and the decentralized nature of solar PV systems enable
residential households to invest on rooftop PV systems to reduce their electricity bills.
Given the same technical and economic parameters, net metering schemes generate relatively higher
economic benefit than those under net billing arrangements. In addition, net metering incentivizes households to
install larger systems while net billing incentivizes households to install smaller systems that cater their own
daytime needs rather than for exports. Since residential solar PV deployment programs are utility customerfunded programs, net billing arrangements would yield lower financial burden to electricity customers than net
metering schemes.
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