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Abstract

Local governments increasingly combine power purchase agreements (PPAs) with local
retail power producers and suppliers (RPPSs) to pursue decarbonization and regional
revitalization. However, there is limited municipal-scale evidence on how contractual
design translates into regional multiplier and employment outcomes under structural
uncertainty. Using a 38-sector municipal input–output table (2015) for Fukuchiyama
City, Kyoto, Japan, we conduct scenario-based simulations to quantify the output and
employment multipliers of on-site and off-site solar photovoltaic PPAs. We compare Type
I multipliers (household exogenous) and Type II multipliers (household endogenous)
across nine scenarios that combine three PPA arrangements—off-site sales to the local
RPPS [A], off-site sales to a major utility [B], and on-site self-consumption [C]—with
three interregional leakage scenarios (1)–(3). A systematic sensitivity analysis (±10–20%
perturbation of structural coefficients) was implemented to provide results as conditional
ranges rather than point estimates. Under baseline leakage (3), off-site PPAs sold to the
local RPPS [A3] yield the largest short-term total effects (1.24 million USD/year). Crucially,
the error bars confirm that the policy ranking of A > B > C remains robustly invariant across
all leakage conditions. Endogenizing households increases total effects by approximately
22.9% without changing this ranking, with induced effects concentrated in consumption-
related services. In contrast, on-site PPAs [C] yield significantly larger long-term cumulative
multipliers through stable expenditure savings from avoided electricity purchases. These
results provide a transferable evaluation protocol and identify policy levers—off-taker
localization, local supply chain thickening, and localized O&M—that jointly determine
whether PPAs deliver broad-based regional economic benefits.

Keywords: power purchase agreements (PPAs); regional power producer and supplier
(RPPS); input–output analysis; economic spillover effects; induced effects; leakage; regional
multipliers; municipal energy; employment effects; Japan

1. Introduction
Amid the global shift towards decarbonization, power purchase agreements (PPAs)

are spreading rapidly as a means for firms and local governments to procure renewable
electricity over the medium to long term. As well as reducing private electricity costs and
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CO2 emissions, PPAs can reallocate where energy-related payments, procurement and
maintenance expenditure accrue, thereby reshaping local multipliers, employment and
the geography of economic benefits. PPAs typically take two main forms: off-site, where
generation is located outside the demand area and power is delivered via the grid; and
on-site, where generation is installed on customer premises for self-consumption. Despite
growing policy interest, there is still limited rigorous municipal-scale evidence on how
these contractual choices interact with local supply structures and leakage to determine
regional economic spillovers and job creation.

In Japan, liberalization of the retail electricity market in 2016 accelerated the establish-
ment of numerous regional power producers and suppliers (RPPSs), which were capitalized
by municipalities, regional financial institutions, and local firms. These RPPSs are expected
to keep energy expenditures within the region and support the “local production for local
consumption” of energy. However, policy reports also indicate that a significant amount of
energy-related spending can leak out of regional economies, thereby weakening regional
multipliers. From a regional science and environmental economics perspectives, the key
unresolved issue is not whether PPAs exist, but rather, which design margins—(i) local-
izing the off-taker (who purchases the electricity) and (ii) thickening local supply chains
(which supply goods and services), including construction and operation and maintenance
(O&M) —materially reduce leakage and strengthen local employment multipliers. Yet few
studies quantify these mechanisms at the municipal scale using municipal-scale input–
output tables and project-calibrated PPA parameters that match the policy decision units of
local governments.

We selected Fukuchiyama City, Kyoto Prefecture, as the focus of a particularly instruc-
tive case study to fill this research gap (See Figure 1). Fukuchiyama is a core regional city in
northern Kyoto Prefecture, with a population of approximately 76,000. It is a medium-sized
urban center and a typical semi-mountainous municipality encompassing extensive rural
areas [1]. Its industrial structure features a mix of manufacturing, logistics, and service
industries, and it faces challenges common to many regional cities across Japan, including
population decline and aging and stagnation in local demand. However, the city has
declared itself as a “Zero Carbon City,” committing to net-zero CO2 emissions by 2050,
and has formulated a basic energy and environmental plan. It is therefore positioned
as a “front-runner” case that seeks to integrate decarbonization with regional economic
revitalization [2–4].

In Fukuchiyama City, the new regional power company TANTAN-ENERGY Co., Ltd.,
Fukuchiyama, Japan, has been established as an RPPS and is responsible for supplying
renewable electricity, primarily to public facilities and local firms [5]. TANTAN ENERGY
procures electricity generated from solar photovoltaics (PVs) inside and outside the munic-
ipality under the feed-in tariff (FIT), post-FIT, and non-FIT regimes, and this is supplied
to public facilities, households, and businesses. Simultaneously, on-site PPA projects com-
bining citizen investment are being developed [6]. Furthermore, based on a five-party
agreement between Fukuchiyama City, financial institutions, universities, and other actors,
the city promotes community-oriented renewable energy projects and linkages with envi-
ronmental education. Initiatives for installing solar PV systems in public facilities, such as
schools and gymnasiums, through on-site PPAs have attracted nationwide attention [7].
As such, Fukuchiyama City provides a policy-relevant and empirically grounded setting
to examine how PPA contract design and local supply capacity jointly shape municipal
multipliers. These insights are transferable to other mid-sized regional core cities that are
pursuing decarbonization and local economic development.
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Figure 1. Geographic location of study area: Fukuchiyama City, Kyoto Prefecture, Japan.

A second important reason for focusing on Fukuchiyama City is that municipal-scale
input–output (IO) data are available at the municipal scale. Specifically, this study draws on
the 2015 Fukuchiyama City IO table with 38 sectors and employment coefficients derived
from the Kyoto Prefecture IO table. The available access to Fukuchiyama’s municipal-scale
IO tables makes the city very suitable for analyzing the short-term (construction phase)
and long-term (operational phase) economic and employment effects of PPA introduction,
with particular attention paid to leakage and multiplier structures. In addition, based
on interviews with Tantan Energy, a new regional power company, we calibrated the
parameters of the solar PV projects considered in this study (such as the project scale, capital
expenditure (CAPEX), operation and maintenance (O&M) costs, and the electricity sales
prices) to reflect the actual project sizes and price levels. This enabled an “implementation-
oriented” analysis that is closely tied to real-world project design.

The objective of this study is to quantify how PPA contract choices translate into
regional output and employment multipliers in a municipal economy under alternative
leakage and household circulation assumptions. Specifically, we address three policy-
relevant questions: (1) How do the impacts of the construction and operational phases
differ when evaluated using conservative Type I multipliers versus Type II multipliers,
which capture induced effects through household income circulation? (2) How large is
the incremental benefit of localizing the electricity off-taker (local RPPS versus major util-
ity) compared to the benefit of broader local-content measures that thicken intra-regional
supply chains, including localized O&M? (3) How sensitive are the conclusions to plau-
sible ranges of leakage? This information is essential for municipal policy appraisal and
portfolio design.

This study makes four contributions of broad interest to regional science and envi-
ronmental economics. First, using a municipal-scale IO table, we provide a transparent
and replicable protocol for evaluating how decarbonization instruments (PPAs) map into
local output and employment multipliers across the construction and operational phases.
We report Type I baselines alongside Type II robustness. Second, we quantify the rela-
tive importance of off-taker localization and local supply chain thickening for retaining
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economic value within the municipality by explicitly separating these two policy levers
under alternative leakage scenarios. Third, we calibrate scenarios of the implemented
projects and institutional arrangements involving an RPPS and local government. This
connects multiplier analysis to actionable design margins (e.g., procurement, financing,
and O&M localization) rather than treating PPAs as purely stylized shocks. Fourth, we
present our findings as transferable guidance for similarly sized regional core cities. We
also provide a foundation for future extensions to multi-regional input–output (MRIO) and
environmental accounts, thereby linking place-based energy transition policies to broader
regional development assessments.

The remainder of this paper is organized as follows: Section 2 reviews the literature
on the economic spillover effects (multiplier effects) of renewable energy investment and
new regional power companies and positions this study within the literature. Section 3
describes the IO-based analytical model and data constructed from the Fukuchiyama City
IO table, as well as the nine-scenario design that combines off-site and on-site PPAs with
different leakage conditions. Section 4 presents the results for Types I and II, examining
cross-scenario comparisons, leakage sensitivity, sectoral decompositions, and time profiles
of cumulative capital investment multipliers. Section 5 discusses the policy implications
and limitations of the results, and explores possible policy packages that combine new
regional power companies and PPAs. Section 6 provides the study’s conclusion.

2. Literature Review
The input–output (IO) and endogenous household frameworks adopted in this study

are standard and highly transparent methods used to measure the multiplier effects of pro-
duction, value added, and employment in response to regional demand shocks. Specifically,
Type II, which endogenizes the household sector, is characterized by its ability to capture
the depth of the “regional cycle,” including induced effects through the income cycle. The
theory and extensions of IO were systematized by Miller and Blair [8], who developed
frameworks for incorporating induced effects via household endogenization and extending
them to environmental impacts [9]. In the context of energy transition analysis, the choice
between a computable general equilibrium (CGE) model and an input-output (IO) model
involves a trade-off between behavioral flexibility and structural transparency. While CGE
models can endogenize price adjustments and supply constraints, they require extensive
data on elasticities that are rarely available at the municipal scale. Conversely, IO analysis
remains a robust and transparent protocol for quantifying system-wide multipliers within
specific administrative boundaries, provided that its static nature is properly acknowl-
edged. With respect to the regional impacts of renewable energy investment, Jenniches [10]
systematized the appropriate use of IO, an endogenous household framework, and MRIO
models, along with the indicatorization of employment and value added. Jenniches [10]
highlighted the validity of designs that analyze a two-phase structure of capital investment
and operational-phase expenditures, as employed in this study. Furthermore, Matsumoto
and Matsumura [11] evaluated the regional economic impacts of renewable energy intro-
duction in Tsushima, Nagasaki Prefecture, Japan, using a two-phase approach focusing on
capital investment and the operational phase.

However, MRIO proves effective when expanding the scope to include transactions
with areas outside the region, enabling the tracking of spillovers to and inflows from adja-
cent regions. The implementation of MRIO construction, balancing, time-series extension,
and environmental expansion is well established in the UK carbon footprint research [12],
making it suitable for evaluating cross-regional impacts. To the best of our knowledge,
few studies have conducted economic evaluations of new regional power utilities in Japan,
although Shiozaki et al. [13] estimated the regional economic spillover effects of new retail
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power utilities using an MRIO comprising Gifu Prefecture and other prefectures. Although
this study is based on a single-region IO, as a future extension, we plan to implement MRIO
when evaluating interdependence with adjacent municipalities.

Robustness testing is essential because the uncertainty in coefficients and the choice of
regionalization procedures in multiplier estimation exert non-trivial effects on the range of
results. Monte Carlo analysis using MRIO carbon multipliers quantitatively demonstrates
the extent to which data errors propagate through indicators [14], and the sensitivity of mul-
tipliers to perturbations in the input–output coefficients has been classically examined [15].
Regarding renewable energy-related employment, reviews have clarified the differences
between the short-term intensity of construction and manufacturing and the long-term
structure of O&M [16]. Policy evaluations must distinguish between “temporary employ-
ment concentrated in the construction phase” and “sustained employment during the
operational phase.”

In renewable energy deployment assessments involving numerous scenarios, pro-
cedures that ensure computational efficiency and reproducibility are crucial. In the field
combining Life Cycle Assessment (LCA) and IO, implementation methods enabling effi-
cient matrix calculations and large-scale Monte Carlo simulations have been proposed [17]
and these are applicable even to multidimensional designs, such as the nine scenarios in
this study. Future plans include expanding the framework to integrate environmental
extensions (greenhouse gas emissions) and price models, thereby enabling simultaneous
economic and environmental evaluation [8,9].

Based on the above information, this study contributes to regional and environmental
economics in several ways. First, by employing regional input–output (IO) at the local gov-
ernment scale, we evaluate the introduction of PPAs in Fukuchiyama City, Kyoto Prefecture,
across two phases, capital investment and operation, while presenting both Type I and Type
II baselines and ranges. This approach follows the design principles of prior research [10]
while providing an implementation-oriented extension. Second, by explicitly varying leak-
age assumptions and verifying multiplier contraction mechanisms, we demonstrate that
the depth of regional circulation can change endogenously through policy bundles (e.g.,
in-region procurement and in-region O&M). Third, by providing sensitivity and uncertainty
ranges, we clarify the impact of coefficient errors, offering the range between “conservative
estimates” and “expansion cases” necessary for policy decisions [14,15]. Fourth, we plan
future expansions (including MRIO implementation, price endogenization, and environ-
mental extensions) connected to a framework that enables the simultaneous economic and
environmental assessment of regional energy transitions [9,12].

3. Materials and Methods
3.1. Input–Output Model

To estimate the regional economic effects of introducing on-site and off-site PPAs, we
constructed an input–output model following Doi et al. [18]. The model we employed is a
demand-driven municipal IO model. It is important to note that these multipliers represent
conditional accounting-based effects under fixed structural assumptions, rather than direct
causal estimates of policy impacts, as the model does not endogenize price mechanisms or
supply side constraints.

Given regional demand, regional output was derived from the equilibrium output
model in Equation (1). For exogenous households (Type I),

X =
[
I −

(
I − M̂

)
A
]−1[(I − M̂

)
F + E

]
(1)
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where X denotes the production vector, I is the identity matrix, M̂ is the import substitution
coefficient matrix, A is the input coefficient matrix, F is the final demand vector, and E is
the export substitution vector. This study adopted a competitive import model, assuming
that imported goods supply a fixed proportion of intermediate and domestic final demand.
In this case, the transfer import coefficient is defined as the sum of the intra-regional
intermediate demand and intra-regional final demand divided by the transfer import share.
Furthermore,

(
I − M̂

)
is the intra-regional self-sufficiency matrix, meaning that the closer

the intra-regional self-sufficiency rate is to 1 in each industry, the smaller the leakage to
outside the region. Based on Equation (1), the economic spillover effect on the intra-regional
economy due to a change ∆F in intra-regional final demand is expressed by Equation (2),

∆X =
[
I −

(
I − M̂

)
A
]−1(I − M̂

)
∆F. (2)

The basic model used in this study considers the household sector exogenously. Therefore,
the total effect ∆X on the entire regional economy from changes in regional final demand
can be expressed as the sum of the direct effect ∆X1 and the indirect effect ∆X1, as shown
in Equation (3),

∆X = ∆X1 + ∆X2. (3)

Furthermore, the direct and indirect effects are expressed in Equations (4) and (5), respectively:

∆X1 =
(
I − M̂

)
∆F (4)

∆X2 =
{[

I −
(
I − M̂

)
A
]−1 − I

}(
I − M̂

)
∆F (5)

Next, we constructed an endogenous household model that incorporates household
consumption behavior. As the basic model in this study treats the household sector exoge-
nously, an increase in final demand leads to an increase in output and gross value added
across industries. This, in turn, generates economic spillover effects, encompassing the
demand for intermediate inputs required directly and indirectly for production. However,
the economic spillover effect persists. Increased employee income leads to increased private
consumption expenditure, which in turn leads to increased production, further increasing
employee income and private consumption expenditure. To accurately capture this cycle
of increased production, income, and consumption expenditure, and to capture indirect
effects more precisely, it was necessary to make the household sector endogenous.[

X
W

]
=

[[
I −

(
I − M̂

)
A
]

−
(
I − M̂

)
c

−w 1

]−1[(
I − M̂

)
F + E

0

]
, (6)

where W represents the total employee compensation, c denotes the private consump-
tion expenditure share vector, and w denotes the employee compensation rate vector. In
this context, the private consumption expenditure composition ratio is obtained by divid-
ing private consumption by gross value added (excluding non-household consumption
expenditure). The employee income ratio is the value obtained by dividing employee
income by the regional production value. In the endogenous household model, the vec-
tors representing private consumption expenditure and employee compensation can be
used to capture regional income circulation. Using this endogenous household model, the
economic multiplier effect on the regional economy due to a change ∆F in regional final
demand is expressed by Equation (7),[

∆X
∆W

]
=

[[
I −

(
I − M̂

)
A
]

−
(
I − M̂

)
c

−w 1

]−1[(
I − M̂

)
∆F

0

]
. (7)
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We measured the economic spillover effects using Equations (2) and (7) to compare the
results from exogenous and endogenous household models and assess the robustness of
the findings. Hereafter, the basic model calculated using Equation (2) is referred to as Type
I and the endogenous household model calculated using Equation (7) is referred to as Type
II. We report both Types I and II to separate the conservative baseline from the robustness.

3.2. Data

This study utilized the “2015 Input–Output Table for Fukuchiyama City, Kyoto Prefec-
ture” created by the Value Research Institute [19]. The Fukuchiyama City Input–Output
Table consists of 38 industry sectors, three gross value-added sectors (non-household con-
sumption expenditure (row), employee compensation, and other income), and nine final
demand sectors (non-household consumption expenditure (column), private consumption
expenditure, general government consumption expenditure, gross fixed capital formation
(public), gross fixed capital formation (private), net increase in inventories (public), net
increase in inventories (private), exports, and imports). This study covers the 38 industrial
sectors in Fukuchiyama City, Kyoto Prefecture, as listed in Table 1. To convert purchaser
prices to producer prices, the commercial margin rate and domestic freight rate were calcu-
lated by consolidating the “Purchaser Price Evaluation Table,” “Commercial Margin Table,”
and “Domestic Freight Table” from the 107 consolidated medium-level categories in the
“2015 Input–Output Tables” compiled by the Statistics Bureau, Ministry of Internal Affairs
and Communications [20], into 38 categories.

Table 1. Industrial sector classification (38 sectors).

Production Sector Code Production Sector Code

1 Agriculture AGR 20 Miscellaneous manufacturing
products OMF

2 Forestry FOR 21 Electricity ELE
3 Fisheries FIS 22 Gas and heat supply GAS
4 Mining MIN 23 Water supply WAT
5 Food products FOD 24 Waste disposal business WST
6 Textile products TEX 25 Construction CON
7 Pulp, paper and paper products PAP 26 Wholesale trade WTR
8 Chemical products CHM 27 Retail trade RTR
9 Petroleum and coal products PCP 28 Transport and postal services TRP
10 Ceramic, stone, and clay products CER 29 Accommodation and food services HFS
11 Iron and steel STL 30 Information and communications INF
12 Non-ferrous metals NFM 31 Finance and insurance FIN
13 Metal products MTL 32 Residential rental services RRS

14 General, production, and
business machinery GMA 33 Miscellaneous real estate EST

15 Electronic components and devices ECD 34 Scientific research and
support services RSS

16 Electrical machinery ELQ 35 Public administration GOV

17 Information and communication
electronics equipment ICT 36 Education EDU

18 Transport equipment TRN 37 Health and social work HSW
19 Printing PRN 38 Miscellaneous services SRV

Employment coefficients were calculated by integrating the employment tables accom-
panying the “2015 Kyoto Prefecture Input–Output Table for 105 Sectors” [21] compiled by
Kyoto Prefecture into 38 sectors to match the number of sectors in the Fukuchiyama City
Input–Output Table. To contextualize the sectoral structure of Fukuchiyama City relative
to other municipalities in Japan, we examined the location quotients (LQs) based on the
2015 industrial data. Fukuchiyama City functions as a regional industrial hub, exhibiting
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LQs greater than 1.0 in key sectors such as Electrical Machinery (ELQ) and Retail Trade
(RTR). These structural characteristics are endogenously reflected in the import substitution
matrix (M), which was partially derived using the location quotient method to ensure
regional consistency. This sectoral specialization explains why the induced effects are con-
centrated in trade and professional services, making our simulation results representative
of mid-sized regional core cities in Japan.

3.3. Scenario Design and Leakage Implementation

We conducted interviews with a new regional power supplier (TANTAN-ENERGY
Co., Ltd.) in Fukuchiyama City, Kyoto Prefecture, which covered questions about the power
generation capacity of the power generation facilities, installation costs, and electricity
selling prices (conducted online on 1 September 2023). For the solar power generation
project, nine scenarios were created by combining three PPA implementation scenarios
with three scenarios for ripple effects outside Fukuchiyama City.

To translate these project data into sector-level demand shocks (∆F), we decomposed
the total capital expenditure based on project-calibrated parameters. Specifically, construc-
tion and civil engineering costs were allocated to Construction (CON), while hardware
procurement, such as solar panels and inverters, was assigned to Electrical Machinery
(ELQ). For the operational phase, electricity sales were treated as exogenous demand
shocks to the Electricity (ELE) sector, with O&M expenditures allocated to Scientific Re-
search and Support Services (RSSs). All purchaser prices were converted to producer prices
by removing trade margins and freight costs using the 2015 national margin tables to ensure
consistency with the IO framework.

We defined nine scenarios by combining three PPA contractual designs ([A]–[C])
with three interregional leakage conditions ((1)–(3)), as summarized in Table 2. The PPA
implementation scenarios were as follows: [A] off-site PPA (RPPS) with electricity off-taken
by the local regional power producer and supplier; [B] off-site PPA (major utility) with
electricity off-taken by a major power company; and [C] on-site PPA (self-consumption) for
self-consumption. The leakage scenarios were as follows: (1) a no-leakage case representing
the theoretical upper bound, (2) a case with no leakage of PPA-related effects (midpoint),
and (3) a leakage case representing the baseline scenario (closer to the actual measurements).
To ensure methodological transparency, the leakage scenarios were operationalized by
modifying the diagonal elements of the import substitution coefficient matrix (M̂) in
Equations (2) and (7). Scenario (1) set the corresponding elements in M̂ to zero for all
sectors, and Scenario (2) set them to zero for PPA-related sectors only. Scenario (3) utilized
the default coefficients from the 2015 IO table to reflect observed regional outflows. (See
Table 2). The scenario notation is as follows: PPA scenarios are [A], [B], and [C], and leakage
scenarios are (1), (2), and (3), denoted by combinations (e.g., A3: off-site PPA electricity
sold to RPPS + baseline leakage).

Table 2. Scenario settings and project-calibrated parameters (PPA designs and leakage conditions).

Category Item Unit
[A] Off-Site PPAs
(Electricity Sold
to RPPS)

[B] Off-Site PPAs
(Electricity Sold to
Major Power
Company)

[C] On-Site PPAs
(Self-
Consumption)

PPA Settings Capital investment (million USD) 2.33 2.33 0.67
Generating capacity (kW) 2500 2500 500
Unit price of
electricity sold (USD/kWh) 0.09 0.09 0.16
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Table 2. Cont.

Category Item Unit
[A] Off-Site PPAs
(Electricity Sold
to RPPS)

[B] Off-Site PPAs
(Electricity Sold to
Major Power
Company)

[C] On-Site PPAs
(Self-
Consumption)

Facility operating
rate (%) 12.0 12.0 12.0

Net sales (thousand USD) 232.05 212.21 83.08
Years in project (Year) 15 15 15

Leakage Scenarios (1) No leakage M̂ = 0 Setting zero for all sectors (self-sufficiency rate: 100%)
(2) Midpoint mi = 0 Setting zero for PPA-related sectors only
(3) Baseline M̂ = actual Default coefficients from the 2015 IO table

Note: Calculated at an exchange rate of 150 yen to 1 dollar. Note: We evaluate nine combined scenarios (A1–A3,
B1–B3, C1–C3), where [A]–[C] denote PPA implementation scenarios and (1)–(3) denote leakage cases.

3.4. Systematic Sensitivity Analysis

To address the inherent uncertainty in structural coefficients, we performed a system-
atic sensitivity analysis in which we perturbed the import substitution coefficients (M̂),
the household consumption propensities (c), and the employee compensation rate (w) by
±10–20%. To capture the aggregate effect of structural uncertainty, these perturbations were
applied jointly across the coefficient matrices. Specifically, we simulated the propagation
of uncertainty by varying all structural parameters simultaneously within the specified
ranges, following the established methodological tradition of quantifying joint uncertainty
propagation in input-output systems [14,15]. This allows us to report results as conditional
ranges (visualized as error bars and shaded areas) rather than point estimates, ensuring the
robustness of our policy rankings.

4. Results
4.1. Cross-Scenario Comparison and Leakage Sensitivity

Table 3 and Figure 2a present the results for the household exogenous model (Type I).
Under the baseline leakage scenario (3), the total economic spillover effects are largest in
the order of A3 > B3 > C3. The point estimate for scenario A3 is 1.24 million USD/year,
though our sensitivity analysis indicates a conditional range represented by the error bars
in Figure 2a. The economic effect for A3 slightly exceeds that for B3, while the scale for C3
is smaller due to the short-term macroeconomic effects. Crucially, even when the structural
parameters vary by ±10–20%, the error bars confirm that the ranking of A > B > C remains
invariant, demonstrating the robustness of our findings against data perturbations.

Table 3. Economic spillover effects and employment effects (Type I model).

Scenarios
Economic
Spillover

Effect

Primary Effect Secondary
Effect Employment

Effect *

Production
Induced

MultiplierDirect Effect Primary
Indirect Effect

Secondary
Indirect Effect

[A]
Off-site PPAs
(Electricity sold
to RPPS)

(1) No leakage 6.60 2.80 2.50 1.30 12.89 2.36
(2) Partial 3.46 2.34 0.76 0.36 6.28 1.48
(3) Baseline 1.24 0.94 0.18 0.12 3.71 1.32

[B]
Off-site PPAs
(Electricity sold to
major company)

(1) No leakage 6.52 2.76 2.48 1.28 12.73 2.36
(2) Partial 3.41 2.31 0.75 0.35 6.18 1.48
(3) Baseline 1.23 0.93 0.18 0.12 3.66 1.32

[C]
On-site PPAs
(Self-consumption)

(1) No leakage 1.80 0.76 0.69 0.35 3.37 2.37
(2) Partial 0.96 0.65 0.21 0.10 1.64 1.48
(3) Baseline 0.32 0.24 0.05 0.03 0.92 1.32

Note: (1) Case without leakage of effects outside region; (2) case without leakage of PPA-related effects outside
region; and (3) case with leakage of effects outside region. * Unit: person per million USD.
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(a) (b) 

Figure 2. Sensitivity of total economic spillover effects to leakage conditions and PPA designs.
(a) Type I results (household exogenous conservative baseline scenario). (b) Type II results (household
endogenous upper-bound circulation scenario).

4.2. Impact of Household Endogenization (Type II)

Figure 2b illustrates the results when households are endogenized. Type II multipliers
increase the total economic spillover effects by an average of 22.9% by capturing income
circulation. Despite the increased magnitude, the policy ranking remains robustly A > B > C
across all leakage levels. Based on these results, we position Type I as the conservative
policy baseline and Type II as the upper-bound circulation scenario.

Figure 3 shows that in A3, the total economic spillover effects by sector are the largest
for Construction (CON), Electrical Machinery (ELQ), Wholesale Trade (WTR), and Retail
Trade (RTR). The sixth column of Table 4 shows the differences between the scenarios
(Type II and Type I). Furthermore, Figure 3 indicates that the increase in induced effects
is concentrated in Retail Trade (RTR), Accommodation and Food Services (HFSs), and
Residential Rental Services (RRSs). This effect reflects household re-spending and should
be interpreted as additional circulation rather than new primary demand.

Figure 3. The cross-sectoral distribution of total economic spillover effects for the baseline off-site
RPPS scenario (A3) using the Type II model. Note: The values presented in Figure 3 represent point
estimates based on the baseline 2015 Fukuchiyama City IO table. To maintain visual clarity across the
comprehensive 38-sector breakdown, error bars reflecting parameter sensitivity (±10–20% variations
in structural coefficients) are omitted in this figure.
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Table 4. Economic spillover effects and employment effects (Type II model). Unit: million USD
per year.

Scenarios
Economic
Spillover

Effect

Primary Effect Secondary
Effect Induced Effect

with
Household

Endogenization

EMPLOYMENT
Effect *

Production
Induced

MultiplierDirect
Effect

Primary
Indirect
Effect

Secondary
Indirect
Effect

[A] Off-site PPAs
(RPPS)

(1) 9.33 2.80 4.23 2.30 2.7 20.01 3.33
(2) 3.97 2.34 1.17 0.46 0.51 7.99 1.70
(3) 1.40 0.94 0.31 0.15 0.16 4.32 1.49

[B]
Off-site PPAs
(Major company)

(1) 9.21 2.76 4.18 2.27 2.69 19.75 3.34
(2) 3.91 2.31 1.15 0.45 0.50 7.86 1.70
(3) 1.39 0.93 0.31 0.14 0.16 4.25 1.49

[C]
On-site PPAs
(Self-consumption)

(1) 2.55 0.76 1.16 0.63 0.74 5.32 3.35
(2) 1.10 0.65 0.32 0.13 0.14 2.11 1.70
(3) 0.36 0.24 0.08 0.04 0.04 1.07 1.49

Note: (1) Case without leakage of effects outside region; (2) case without leakage of PPA-related effects outside
region; and (3) case with leakage of effects outside region. * Unit: person per million USD.

4.3. Sectoral Decomposition

The top 10 sectors contributing to the total economic spillover effects are shown in
Figures 4 and 5 (Type I and II, respectively). In addition to direct investment in Construction
(CON) and Electrical Machinery (ELQ), sectors such as Wholesale (WTR) and Scientific
Research and Support Services (RSSs) emerge as key indirect channels. The inclusion of
error bars in these figures demonstrates that these sectoral contributions are structurally
grounded and not merely artifacts of point estimation.

   
(a) (b) (c) 

Figure 4. Top 10 industrial sectors contributing to total economic spillover effects (Type I) with
error bars. (a) A3: off-site PPA (RPPS); (b) B3: off-site PPA (major utility); (c) C3: on-site PPA
(self-consumption).

   
(a) (b) (c) 

Figure 5. Top 10 industrial sectors contributing to total economic spillover effects (Type II) with
error bars. (a) A3: off-site PPA (RPPS); (b) B3: off-site PPA (major utility); (c) C3: on-site PPA
(self-consumption).
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Figures 4 and 5 illustrate the economic spillover effects of the top ten industrial sectors
from A3 to C3 in Type I and Type II. As can be seen from these figures, all trends are largely
the same for both types. Type II differs from Type I in that the contribution from the indirect
effects of Accommodation and Food Services (HFSs) contribute significantly more in Type
II. Furthermore, the induced effects of Residential Rental Services (RRSs) appear to be the
largest in all Type II cases. These results demonstrate that the induced effects are primarily
generated through distribution and professional services.

Figure 6 shows the employment effects by sector for Type I, where it is evident that the
induced employment effects follow a similar trend from A3 to C3. The figure shows that a
significant amount of new employment is created in Construction (CON) and Electrical
Machinery (ELQ), both of which require construction investment, and also in Wholesale
Trade (WTR), Retail Trade (RTR), and Scientific Research and Support Services (RSSs).

Figure 6. Sectoral decomposition of employment effects across baseline scenarios (A3, B3, C3) in the
Type I model. Note: The values in Figure 6 represent point estimates based on the 2015 IO table. To
maintain visual clarity across the comprehensive 38-sector breakdown, error bars reflecting parameter
sensitivity are omitted in this figure.

4.4. Time Profile and Investment Multipliers

Figure 7a,b present the time profile of cumulative capital investment multipliers with
shaded uncertainty regions for both Type I and Type II cases. While off-site PPAs (scenario
[A] and scenario [B]) estimate larger short-term shocks, the on-site PPA (scenario [C]) yields
a higher multiplier through stable expenditure savings.

To clarify the subtle differences between scenario [A] and scenario [B] which may
be obscured by the uncertainty shadows, Figure 8a,b provide a simplified line-only view.
These figures collectively show that even under the most conservative parameter sets (the
lower bound of the shadows), the long-term superiority of the on-site PPA (scenario [C])
remains robust.
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(a) (b) 

Figure 7. Time profile of cumulative capital investment multipliers with shaded uncertainty areas.
(a) Type I model; (b) Type II model.

 
(a) (b) 

Figure 8. Line-only comparison of time profile for cumulative capital investment multipliers.
(a) Type I model; (b) Type II model.

5. Discussion
5.1. Policy Bundles for Regional Value Retention

The results highlight that localizing the electricity off-taker through a local RPPS is
a significant policy lever; however, its effectiveness depends on a broader “policy bun-
dle”. Notable differences in economic spillover effects only occur when PPA designs are
integrated with strategies to strengthen local supply chains, such as regional priority in
construction contracting and localized O&M services. Our sensitivity analysis (see Figure 2)
confirms that while point estimates are subject to leakage, the depth of regional circulation
can be endogenously strengthened through municipal procurement rules. This suggests
that decarbonization policies should not be designed in isolation but must be coordinated
with regional industrial policy to ensure that energy-related capital flows remain within
the municipal boundaries.

5.2. Causal Interpretation and Model Limitation

In response to critical conceptual concerns, it is essential to interpret these findings as
scenario-based simulations under fixed structural assumptions rather than direct causal
estimates of policy impacts. As a demand-driven IO model, this framework assumes
fixed coefficients and does not endogenize price adjustments, supply side constraints,
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or labor market bottlenecks. For instance, if there is a sudden increase in demand for
Electrical Machinery (ELQ) or Construction (CON), leading to wage inflation or material
shortages, the real multipliers might be lower than estimated. By providing conditional
ranges through sensitivity analysis, we explicitly acknowledge structural uncertainties.
Rather than focusing on the absolute magnitude of the estimated values, the primary policy
takeaway is the structural robustness of the results; the invariant policy ranking (A > B > C)
even under significant structural perturbations provides a reliable foundation for long-term
municipal energy planning.

5.3. Substitution Effects and Demand Reallocation

A key theoretical limitation is the treatment of PPA investment as a purely exogenous
additional demand. In practice, the adoption of municipal PPA often represents a reallo-
cation of existing electricity expenditure rather than net new demand. If PPA payments
merely replace equivalent payments to major power companies, the net macroeconomic
“shock” might be smaller than depicted in a static model. However, the long-term advan-
tage of the on-site PPA scenario [C] stems precisely from this reallocation: by generating
stable expenditure savings (avoided costs), it creates a resilient internal flow of funds that
can be re-spent locally. This transformation of an “operating expense” into a “regional
asset” is a critical mechanism for achieving long-term municipal economic resilience.

5.4. Strategic Positioning of Type I and Type II Multipliers

To improve policy interpretability, we utilize the two frameworks to define the bound-
aries of potential policy outcomes rather than as fixed forecasts. Type I serves as the
conservative fiscal baseline, while Type II identifies the specific sectors, such as Retail Trade
(RTR) and Accommodation and Food Services (HFSs), where the regional income cycle is
most likely to manifest. This distinction allows decision-makers to target “policy bundles”
that stabilize these induce channels, with the invariant scenario ranking providing a robust
basis for prioritizing localized PPA designs.

5.5. External Validity and Benchmarking

The findings from Fukuchiyama City provide a transferable evaluation protocol that
can be used by other mid-sized municipalities. Our results are consistent with existing
regional benchmarks. For instance, Shiozaki et al. [13] demonstrated that retail RPPSs in
Gifu Prefecture could increase regional production by retaining energy-related funds within
the prefecture, which is similar to our findings on off-taker localization. Furthermore, our
emphasis on reducing leakages through local supply chain integration aligns with the
case of Tsushima Island (Matsumoto and Matsumura [11]), where the lack of indigenous
technical experts and local components was identified as a primary barrier to maximizing
economic benefit. Future research using MRIO models will be necessary to capture the
inter-regional feedback effects that this single-regional study cannot fully account for.

6. Conclusions
This study evaluated the economic spillover effects on the regional economy stemming

from the introduction of off-site and on-site PPAs by new regional power suppliers in
Fukuchiyama City, Kyoto Prefecture, using a municipal input–output framework across
nine combined scenarios (three PPA types multiplied by three leakage conditions). By using
two frameworks, Type I (household exogenous) and Type II (household endogenous), the
analysis comprehensively examined both the short-term effects of the construction phase
and the long-term resilience of the operational phase from the perspectives of gross output,
employment, and cumulative investment multipliers. A systematic sensitivity analysis was
used to present the results as conditional ranges.
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The primary finding of this study is that, under baseline leakage conditions, scenario
[A] (off-site PPA with electricity off-taken by the local RPPS) yields the largest short-term
macroeconomic impact compared to scenario [B] (major utility) and scenario [C] (on-site).
However, the advantage of scenario [A] over scenario [B] is modest unless local content is
actively increased. In the Type II model, induced effects from the income cycle increased
total spillover effects by an average of 22.9%, with benefits concentrated in the Retail Trade
(RTR), Accommodation and Food Services (HFSs), and Residential Rental Services (RRSs)
sectors. Sectoral decomposition revealed that Construction (CON) and Electrical Machinery
(ELQ) were the primary recipients, followed by secondary recipients such as Wholesale
Trade (WTR) and Scientific Research and Support Services (RSSs). A similar broadening
effect was observed for employment. This indicates that in addition to the direct demand
for equipment installation, the region’s service supply capacity and household income
circulation are important factors in determining the increase in effects.

From a long-term perspective, the on-site self-consumption scenario [C] simulated the
most robust cumulative capital investment multiplier. Although the initial spillover effect
is smaller, the persistent reduction in electricity purchase costs acts as a “resilient regional
asset” against external price shocks and grid fee fluctuations. Our sensitivity analysis
demonstrated that the long-term superiority of the on-site PPA remains robust, even when
structural coefficients vary by ±10–20%, as can be seen in the uncertainty shadows of our
time-profile analysis.

These results offer significant policy implications. We recommend a hybrid strategy
that combines the short-term depth of off-site PPAs ([A] and [B]) with the long-term
resilience of on-site PPAs [C]. To maximize these effects, municipalities should implement a
“policy bundle” that includes prioritizing regional procurement, allocating long-term O&M
contracts to local operators, and linking PPAs with regional anchor demand. This requires
an intentional design to capture added value within the region and improve employment
quality. Regarding human resources, reskilling programs for construction, electrical work,
and digital O&M should be locally institutionalized. The spillover effect on downstream
sectors should be amplified through shared inventory and logistics systems, and by creating
an environment that facilitates the entry of local small and medium-sized enterprises.

In summary, the transition to decentralized energy in Fukuchiyama City can simul-
taneously achieve decarbonization and regional development, provided that leakage is
managed through intentional supply chain design. Our framework, benchmarked against
regional studies in Gifu and Tsushima, provides a generalized and scientifically rigorous
protocol for other municipalities to evaluate their energy transition policies. Future research
incorporating multi-regional IO (MRIO) frameworks and endogenous price mechanisms
will further enhance the precision of these place-based decarbonization strategies.
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