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Techno-economic modelling and evaluation is essential in identifying the potential, barriers and
optimization needs of any process for biomass and waste conversion to renewable energy carriers. Most
assessments of the economic feasibility of bioenergy processes rely on discounted cash flow methodologies that
estimate the minimum selling price (MSP) of the core product (Albrecht et al., 2017), the expected net present
value (NPV) of the project, or its return on investment (ROI) (Heinzle, Biwer and Cooney, 2006). One inherent
limitation of these methodologies resides in the hypothesis of constant product pricing conditions, hardly attainable
over typical project lifetimes of 15 — 20 years (Brown and Brown, 2014). Such downside generates the potential
for considerable inaccuracies in the projection of financial performance, with the consequent risk to mislead the
appraisal of investment and policy support mechanisms, which has stimulated efforts to define normalized techno-
economic indices for renewable energy systems (Guo, Liu and Liao, 2021). In instances where biofuels feed-in
tariffs are calculated based on prices traded on regional commodities markets, the effect of the variability of
external commaodities prices on biofuels projects feasibility can be particularly substantial.

In this study we draw on a previously published detailed techno-economic model of a Power-to-Gas
biomass-to-biomethane process (Menin et al., 2021) (Fig. 1) and we take the example of Italian biomethane feed-
in tariffs (FITs) as a price-based subsidy scheme (Cucchiella, D’ Adamo and Gastaldi, 2019) to demonstrate the
influence of natural gas price variability on process feasibility.
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Fig.1. Schematic representation of the biomass-to-biomethane process considered in Menin et al. (2021).

The specific objectives of the work were to estimate the difference in NPVs and in ROIs obtained over the project
lifetime when applying a constant feed-in tariff value and a tariff value inclusive of gas price variation (Py¢ spot)
according to the national biomethane scheme (Eg. 1).

Eq.1
FITbiomethane [€/MWh] =95% (PNG,spot) + 64.26

In the evaluation of the process economic performance, we make use of the estimated performance and cost
parameters from our previous study, and we retrieve spot-market natural gas prices (Pncspot) from the national
market database (GME, 2021) and supplement it with a simple exponential smoothing forecast time series
estimated in Microsoft Excel (Fig.2). We consider a single matrix of cost conditions applicable to an energy system
with high penetration of wind and solar (electricity cost: 40 €/ MWh) (Lorenczik and Keppler, 2020) and a biomass
fuel derived from residual wood and waste biomass (cost: 30 €/t as received) (Thunman et al., 2019). We then
estimate the NPV and ROI of the project by applying monthly variations in the consequent FIT value according
to Eq. 1 rather than a constant biomethane price.

Preliminary results indicate that the calculated monthly FIT values are higher than the previously estimated
MSP for 91 months over the considered project lifetime (44.6% of monthly data, Fig. 1).
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Fig.2. Time series of estimated feed-in tariffs (FIT) from January 2011 to September 2025 against the minimum
selling price (MSP) previously estimated for the cost conditions considered (Menin et al., 2021).

Consequently, by applying the historical price series the NPV estimated for the project is 8 % higher than can be
estimated based on a constant FIT (0.78 €/Nm?) available at the time of the previous investigation (Fig. 2a).
Similarly, under a ROI approach, considering variable natural gas prices allows estimating a return 12 % higher
than for a constant FIT (Fig. 2b).
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Fig. 2. Differences in estimated project net present values (a, left) and returns on investment (b, right).

The results of the study indicate that embedding a variation in external price factors that affect biofuel
remuneration in FIT schemes is essential in assessing their techno-economic competitiveness comprehensively.
The methodology applied and the example assessment undertaken also points to the need to include such variability
projections through historical series and forecast techniques in the evaluation of the effectiveness of biofuels fiscal
support schemes.
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