I SCIENTIA e Interdisciplinary Research: Scientific Horizons and Perspectives

SECTION 2.
FINANCE AND BANKING; TAXATION, ACCOUNTING AND AUDITING

Iurii Bytiutskyi
PhD Candidate
National University of Life and Environmental Sciences of Ukraine, Ukraine

INTERDISCIPLINARITY AS A METHODOLOGICAL
NECESSITY IN AGRICULTURAL BIOENERGY
INVESTMENT ANALYSIS: BRIDGING
AGROECOLOGICAL AND FINANCIAL
PERSPECTIVES

Abstract. This article argues that the financial appraisal of agricultural bioenergy investments —
specifically agrivoltaic and agricultural-waste biogas projects — cannot be conducted soundly
within a single disciplinary frame, and develops a methodological case for treating
agroecological and financial analysis as jointly necessary rather than sequentially separable.
Building on the author's earlier applied work on energy-generating directions in Ukraine's
agricultural sector (Kostiuk & Bytiutskyi, 2024), the article identifies systematic blind spots that
arise when either discipline is applied in isolation: financial appraisal conducted without
agroecological input tends to overstate returns by ignoring crop-yield effects, seasonal feedstock
variability and land-use constraints, while agroecological assessment conducted without financial
input tends to recommend technically sound configurations that are not bankable under realistic
financing barriers and cost-of-capital conditions. Two domains are used to illustrate the
argument: agrivoltaic co-location, where shading and microclimate effects on crop yield directly
determine the blended revenue model, and agricultural-waste biogas, where seasonal feedstock
availability and digestate nutrient value directly determine feedstock-supply risk and revenue
offsets. The article concludes that agricultural bioenergy investment analysis constitutes a distinct
case for interdisciplinary methodology, in which the two disciplinary perspectives must be
integrated within a single analytical framework rather than conducted as parallel, independently
sufficient assessments.

Statement of the Problem

Agricultural bioenergy investments — agrivoltaic installations co-located with
crop production, and biogas plants utilising livestock or crop-residue feedstock —
sit structurally at the intersection of two disciplinary traditions: agroecology,
concerned with land-use compatibility, crop physiology and nutrient cycling, and
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financial investment analysis, concerned with cash flows, cost of capital and
financing risk. In current research and project-development practice, these two
traditions are frequently applied sequentially and independently: an agronomic
feasibility study establishes technical land-use parameters, after which a financial
appraisal is conducted using those parameters as fixed inputs, or vice versa. This
sequential separation treats each discipline's core variables as exogenous to the
other, when in practice they are mutually determining.

This article addresses the methodological problem that arises from this
separation: monodisciplinary appraisal of agricultural bioenergy investments
produces systematic, predictable errors, of a kind that genuine integration of
agroecological and financial analysis would avoid.

Topicality

The topicality of this problem is heightened by the scale of land potentially
available for agrivoltaic and biogas development in Ukraine's agricultural sector,
and by the sector's strategic role in post-war energy diversification and
decentralisation (Kostiuk & Bytiutskyi, 2024). At the same time, the broader
literature on financing barriers facing Ukrainian energy projects identifies a wartime
cost of capital of 18-22% and a set of structural financing barriers — prolonged
preparation cycles, documentation and grid-connection costs, information
asymmetry — that apply with particular force to agricultural bioenergy projects,
whose developers are frequently agricultural enterprises without dedicated project-
finance capacity (Bytiutskyi, 2026). Without methodological integration of the
agroecological and financial dimensions from the outset, agricultural bioenergy
project pipelines risk systematically generating either agronomically unviable
financial proposals or financially unbankable agronomic ones.

Review of Recent Research and Publications

The international literature on agrivoltaics has predominantly developed within
agricultural and energy engineering journals, focusing on crop-yield response to
partial shading, optimal panel height and row spacing, and microclimate modelling,
with financial appraisal typically treated as a secondary, illustrative calculation
appended to the technical analysis. Conversely, the financial literature on renewable
energy investment, including the author's own prior work on structural barriers to
energy startup financing in Ukraine (Bytiutskyi, 2026), develops detailed cost-of-
capital and barrier taxonomies but does not typically incorporate agroecological
variables as determinants of the underlying revenue model rather than as fixed
technical assumptions. The author's earlier applied thesis on energy-generating
directions in the agricultural sector (Kostiuk & Bytiutskyi, 2024) identified this gap
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at a descriptive level but did not develop a methodological argument for why
integration, rather than sequential treatment, is necessary. This article extends that
earlier work into an explicit interdisciplinarity argument, applying the same broader
methodological position developed in the author's parallel work on
interdisciplinarity in the financial, technical and institutional dimensions of
Ukraine's energy transition (Bytiutskyi, 2026a) to the specifically agroecological—-
financial case.

Formulation of the Aims

The aim of this article is to demonstrate, through the comparative analysis of
two agricultural bioenergy domains — agrivoltaics and agricultural-waste biogas —
that sound investment appraisal in this sector requires the integration of
agroecological and financial analysis within a single methodological framework,
and to identify the specific variables through which each discipline's core concerns
directly determine the other's key outputs.

Main Part

Figure 1 summarises the structural logic developed in this article:
agroecological and financial variables are both treated as direct inputs into a single
integrated appraisal model, rather than one discipline's output being treated as the
other's fixed assumption, and the model's output is an optimised investment decision
in which neither dimension has been held exogenous to the other.

Agroecological Financial
variables variables

., p

~. 7

Integrated
Appraisal Model

Optimised
Investment Decision

Fig. 1. Integrated appraisal model combining agroecological and financial
variables

Monodisciplinary blind spots. Table 1 summarises the systematic blind spots
that arise when agricultural bioenergy investments are appraised through a single
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disciplinary lens. A purely financial discounted cash-flow appraisal, of the kind
common in renewable energy project finance, treats land-use parameters — the
crop-yield effect of shading, soil and water impacts, seasonal biomass
availability — as fixed technical inputs rather than as variables that themselves
depend on the financial design of the installation (panel density, row spacing,
feedstock contract structure). Conversely, a purely agroecological feasibility
assessment treats financing conditions — the cost of capital, documentation and
grid-connection costs, regulatory uncertainty — as external constraints to be
addressed separately, after the agronomic configuration has already been fixed,
rather than as factors that should inform the configuration itself.

Table 1
Systematic blind spots arising from monodisciplinary appraisal of
agricultural bioenergy investments

Disciplinary lens

syl e Systematic blind spot Typical resulting error
Financial appraisal Crop-yield loss under shading; | Overstated returns;
only (DCF/IRR) soil and water effects; seasonal | agronomically unviable land-use
biomass variability assumptions
Agroecological Financing barriers, cost of Technically sound but
assessment only capital, grid-connection and unbankable project design

permitting constraints

Combined Neither dimension treated as Land-use-consistent, bankable
agroecological— exogenous to the other project design
financial assessment

Source: compiled by the author.

Two illustrative domains. Table 2 illustrates the mutual determination of
agroecological and financial variables across two domains. In agrivoltaics, the
physical configuration of panels — height, row spacing, tracking versus fixed
mounting — simultaneously determines the crop-yield outcome (an agroecological
variable) and the blended energy-plus-crop revenue stream (a financial variable); a
configuration optimised purely for energy yield will generally not be the
configuration that maximises blended project value once crop-yield loss is priced
into the revenue model, and the optimum can only be identified by treating both
variables jointly rather than sequentially.

In agricultural-waste biogas, feedstock seasonality and availability —
determined by livestock cycles, crop residue timing and regional farming
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patterns — directly determine the supply-risk premium that financiers apply to the
project's revenue model, while the digestate's nutrient-replacement value, an
agroecological output, functions simultaneously as a revenue offset in the financial
model and as a soil-management input for the surrounding farm operation.
Appraising the financial viability of such a project without an agroecological
feedstock-supply assessment is equivalent to appraising a conventional energy
project without an assessment of fuel-supply risk; appraising the agroecological
design without reference to the financing barriers identified in the broader literature
(Bytiutskyi, 2026) risks recommending a feedstock and digestate-management
configuration that is not actually financeable.

Table 2
Mutual determination of agroecological and financial variables in two
agricultural bioenergy domains

Domain Agroecological variable Financial variable it directly
requiring integration affects

Agrivoltaics Shading-induced crop yield Blended revenue (energy + crop);
change; panel-height and row- land-lease and co-location cost
spacing effects on microclimate allocation

Agricultural- Seasonal feedstock Feedstock supply-risk premium;

waste biogas (manure/residue) availability; offset value against fertiliser cost in
digestate nutrient-replacement revenue model
value

Source: compiled by the author based on Kostiuk & Bytiutskyi (2024) and Bytiutskyi (2026).

Towards an integrated methodological framework. The pattern common to
both domains in Table 2 is that the agroecological and financial variables are not
merely correlated but mutually determining: the financial design choice (panel
configuration; feedstock contract terms) is itself an agroecological choice, and the
agroecological outcome (crop yield; nutrient cycling) is itself a financial variable.
Figure 2 contrasts the traditional, sequential treatment of agronomy and finance —
in which one discipline's output becomes the other's fixed input and a sub-optimal
decision results almost by construction — with the integrated approach proposed
here, in which the two disciplines inform a joint optimisation.

A stylised numerical illustration (non-empirical). To illustrate, in purely
expository terms, why the integrated approach in Figure 2(b) can be expected to
dominate the sequential approach in Figure 2(a), this subsection presents a stylised
numerical example for agrivoltaics. The figures used are illustrative placeholders
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(a) Traditional approach (b) Integrated approach
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Fig. 2. Traditional sequential treatment versus integrated joint optimisation
of agronomy and finance

only, are not derived from a real project, survey or verified agronomic trial, and
must not be interpreted as estimates of actual agrivoltaic performance in Ukraine;
they serve solely to demonstrate the direction and mechanism of the effect.
Consider two stylised panel configurations. Configuration A maximises energy
yield (illustratively, 100% of technical maximum) through high panel density, but
imposes a relatively severe illustrative crop-yield loss (illustratively, 25%) through
heavy shading. Configuration B accepts a lower energy yield (illustratively, 80% of
technical maximum) in exchange for a substantially smaller illustrative crop-yield
loss (illustratively, 8%), achieved through wider row spacing. Under a financial
appraisal that prices energy revenue alone, Configuration A appears superior, since
it captures the full illustrative energy-revenue base. Once the foregone crop revenue
is priced into a blended revenue model — energy revenue plus crop revenue, net of
the respective illustrative yield losses — the blended outcome reverses:
Configuration A's energy-revenue advantage (illustratively, 20 percentage points of
technical maximum) is more than offset by its additional illustrative crop-revenue
loss (illustratively, 17 percentage points), so that Configuration B's blended,
illustrative net present value is higher than Configuration A's, even though
Configuration A generates more energy in isolation. This illustrative reversal is
precisely the mechanism through which treating the agroecological variable as
endogenous, rather than exogenous, to the financial model changes the optimal
investment decision — the central proposition of this article — and motivates the
empirically calibrated follow-up study called for below. Operationally, the
implication is that agricultural bioenergy appraisal requires project teams that
combine agronomic and financial expertise from the project-design stage, and
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appraisal models in which crop-yield and feedstock-supply functions are embedded
directly into the revenue model rather than treated as separate technical annexes.

Conclusions

This article demonstrates, through the comparative analysis of agrivoltaic and
agricultural-waste biogas investments, that agroecological and financial variables in
agricultural bioenergy projects are mutually determining rather than independently
fixed, and that monodisciplinary appraisal — whether purely financial or purely
agroecological — produces systematic and predictable errors. The principal
contribution of this article is the proposition that agroecological variables should no
longer be treated as exogenous technical assumptions in financial appraisal, but as
endogenous determinants of investment performance, jointly optimised with
financial design variables within a single integrated appraisal model (Figure 1)
rather than processed sequentially (Figure 2). The case for interdisciplinary
methodology in this domain is accordingly not merely a matter of breadth or
thoroughness, but a structural requirement of the appraisal problem itself: the
financial design choice is an agroecological choice, and the agroecological outcome
1s a financial variable. This extends the author's broader methodological position on
interdisciplinarity in Ukraine's energy transition research (Bytiutskyi, 2026a) to the
specifically agroecological-financial case, building on the descriptive groundwork
laid in earlier applied research on the agricultural sector's energy-generating
potential (Kostiuk & Bytiutskyi, 2024).

Prospects for Further Research

Further research should develop a formally integrated appraisal model in which
crop-yield and feedstock-supply functions are estimated jointly with the financial
revenue model, replacing the stylised, non-empirical illustration presented above
with parameters calibrated against a real agrivoltaic or agricultural-waste biogas
project in Ukraine, following the case-study verification approach applied by the
author to other Ukrainian energy infrastructure projects. Comparative analysis with
agrivoltaic and biogas appraisal practice in other jurisdictions would further test the
generalisability of the integrated framework proposed here.
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