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100 GHG emissions by sector
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[1] European Commission, “Clitennkmate Action Progress Report - Country profile 2022",
available: https://climate.ec.europa.eu/document/download/85838dff-8f5b-4ba6-8de3-d50979fba28e_en?filename=dk 2022 factsheet en.pdf
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[1] Danish Energy Agency, “Danish Experiences on District Heating”, Available : _https://ens.dk/en/supply-and-consumption/heat
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[1] Lars et al., "Comparison of district heating expansion potential based on consumer-economy or socio-economy”, Energy, Volume 115, Part 3, 15 November 2016, Pages 1771-1778
[2] Loic et al., “The role of district heating in achieving sustainable cities: comparative analysis of different heat scenarios for Geneva“, Energy Procedia, Volume 116, June 2017, Pages 78-90
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3.3 BFEMOIANRUME

. Capacity Annualized capex Fixed opex Variable opex Efficiency or COP
Technolo Unit
&Y [kw] [€] [€] [€] [

Residential gas boiler kw 1 167.75 170 0 0.99
Residential biomass kw 10 209.25 331 0 0.9
Residential HP - air source KW 7 492 125 212 0 3.7
(water output)
Residential HP — ground source KW 7 587.5 188 0 3.85
(water output)
Refsldentual HP - air source KW 6.5 121.75 93 0 6
(air output)
Residential electric boiler kw 3 77.2 21 0 1
Residential heat exchanger kW 12 81.2 44 0 0.98
Gas boiler MwW 0.5~10 2126.76 1809 1.06 1.04

MW 23 19140.8 40621 4 0.83
Biomass boiler

Mw 3 25095.6 31476 4.02 0.98

MW 10 32326.52 2127 1.8 3.9
Compression HP

MW 3 36580.04 2127 2.84 3.7
Absorption_HP MW 12 19566.04 2127 1.52 1.75

Distribution pipe m - 19.24 0 1.6 0.95
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4.2 BRHE{IEETIVOETESR

Il |H area (Air-conditioning + Gas-boiler)
Il H area (Air-conditioning + Biomass-boiler)
I H area (Air-conditioning + Air source heat-pump)
IH area (Air-conditioning + Ground source heat-pump)
Il H area (Air-conditioning + Electric-boiler)
[ DH area (Gas boiler)
I DH area (Biomass boiler)
I DH area (Compression heat-pump)
B No heat demand area
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Nonlinear optimization of biomass fueled combined heat and power
boilers in district heating systems in Japan

Régis Delubac'® - Rémi Delage - Toshihiko Nakata'

Received: 1 June 2023 / Accepted: 11 January 2024
© The Author(s), under exclusivelicence to Springer-Verlag GmbH Germany, part of Springer Nature 2024

Abstract

To accelerate the transition toward zero net carbon emissions, developing the technologies which are already mature enough
to be integrated technologically and economically in existing systems is essential. Most of the recent studies are focusing
on large scale energy systems which require lot of assumptions such as linear approximations. This paper presents the eco-
nomical optimization of combined thermal and electrical supply of multiple cities in Japan through utilization of combined
heat and power boilers. A nonlinear approach is used to consider phenomena including combustion efficiencies variations
or effect of scale. Different technologies of combined heat and power are modeled with different properties and fuels such
as household wastes and multiple biomass woods. The cost is used as the objective function to minimize considering cur-
rent energy costs. With each boiler modeled and sized, optimization results show an optimal operation of 100% renewable
resources, especially biomass power with accurate indicators on the operating mode of those technologies.
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Systematic effects of flexible power-to-X operation in a renewable energy &=
system - A case study from Japan

Hiroaki Onodera ', Rémi Delage, Toshihiko Nakata

Department of Management Science and Technology, Graduate School of Engineering, Tohoku University, 6-6-11-815 Aramaki Aza Aoba, Aoba-ku, Sendai, Miyagi 980-

8579, Japan
ARTICLE INFO ABSTRACT

Keywords: For achieving a carbon-neutral energy system, economical flexibility mechanisms are crucial to accommodate
Power-to-X intermittent and decentralized renewable energy sources. Power-to-X (P2X) is a promising technology for this
Electrafuel purpose. This study aims to elucidate the systematic effects and competition of dynamically operated power-to-X
motp?;? Py (P2X) technologies as a flexibility option in comprehensive renewable energy systems. We developed a linear
Flexibility programming model to optimize energy systems incorporating P2X technologies, including water electrolysis,
Optimization model methanation, Fischer-Tropsch synthesis, and Haber-Bosch synthesis, and investigated the impact of P2X flexi-

bility on the system structure and energy costs, focusing on Japan as a case study. The results demonstrate that
each P2X technology effectively shifts electricity loads and reduces curtailment by more than 80%. The
contribution of each P2X technology varies, with water electrolysis playing a dominant role due to its relatively
low fixed costs and large scale. Furthermore, the mechanism significantly reduces system costs by 35% and
supply costs of electricity and hydrogen by 41% and 30%, respectively, by reducing the required capacities of
electricity generators, stationary batteries, and transmission grids. Therefore, P2X has a cost advantage over
these flexibility options. The results also highlight that the maximum effect is achieved when the capacity factor
of P2X is 30%. However, synthetic hydrocarbons would require a carbon price of over 356 EUR/tCO, to compete
with fossil fuels. Domestic electrofuels would face tough competition with global fuel costs. Nevertheless, the
reduction in electricity costs through P2X, along with its contribution to energy security, may incentivize its
adoption.
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Fig. 1. System configuration covered by our model. Hydrogen has three states: low pressure, compressed, and liquefied. Methane has two states: low pressure
and liquefied.
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A bottom-up estimation of woody biomass energy potential including forest
growth in Japan

Ryoga Ono , Rémi Delage, Toshihiko Nakata

Department of Management Science and Technology, Graduate School of Engineering, Tohoku University, 6-6-11-815 Aramaki Aza Aoba, Aoba-ku, Sendai, Miyagi, 980-

8579, Japan

ARTICLE INFO ABSTRACT

Keywords: Until now, top-down estimation using the areal weighting interpolation method was applied to estimate the
Woody biomass energy potential woody biomass energy potential for each of the 1741 municipalities in Japan. However, it was difficult to utilize
RES] Energy sy the uncertain results in policy making. In contrast, bottom-up estimation can reflect the regional characteristics
Forest growdll - and provide novel benefits to policymakers. In this study, bottom-up estimation using the method of aggregation
Bottom-up estimation Z ¥ A . :
Spatial distribution approach was carried out from the geospatial data for artificial forests, excluding protected forest, and consid-
Hierarchical clustering ering forest growth. The data was collected from both national and each prefecture government. The forest

growth of each forest division was adjusted by curve fitting and compared with statistical values to verify the
estimation results. The woody biomass energy potential was defined as the amount of unused wood generated
from harvesting to produce materials. In Japan, the total potential was 0.26-0.74 [EJ/year]. Comparing with the
top-down estimation, these results were 34 % overestimated for the maximum value and 54 % underestimated
for the minimum value. The detail results of geospatial distribution were statistically analyzed. Moran’s I statistic
was 0.68, and a hierarchical clustering with proportion resulted in the largest distribution with the majority of
Japanese Ceder.
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mm Background

Objectives

- To develop the geospatial dataset to forest biomass energy in Japan

- To suggest the estimation method for woody biomass energy potential

Approaches

- Aggregation of “Forest Registration Data ” published by each prefecture

— Comparison of the statistical data* to confirm the accuracy of the estimates

- Comparison of “Bottom up” and “Top down” estimation

— Analysis the merits and demerits of each estimation method

- Develop the woody biomass estimation model

— Machine learning: Fitting by nonlinear least-squares method

* Forest Agency, M E IR D IR, https://www.rinya.maff.go.jp/j/keikaku/genkyou/h29/index.html
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Methodology
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Validation from forest area

Fig. Comparison between statistical and aggregated forest area by the prefecture
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Literature review
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Result and Discussion

Literature review — Woody biomass energy potential in Japan

Author Journal Year Energy potential (EJ/year) Estimation Method

This Study - 2023 0.26 (80-year) Bottom-up with forest growth
- 2023 0.32 (60-year) Bottom-up with forest growth
- 2023 0.74 (optimal rotation) Bottom-up with forest growth

Wau et al. Renewable Energy 2020 0.65-0.75 Bottom-up with forest growth

Yoshioka et al. Biomass Bioenergy 2006 0.63 Top-down

REPOS 0.56 Top-down

* Underestimated compared to previous studies at 60 and 80-year rotation periods
* Optimal rotation period was close to previous studies

Wau et al., Assessment of bioenergy potential and associated costs in Japan for the 21st century, J. Renewable Energy, 2020
Yoshioka et al., A case study on the costs and the fuel consumption of harvesting, transporting , and chipping chains for logging residues in Japan, Biomass Bioenergy, 2006
Ministry of the Environment, Renewable Energy Potential System (REPOS): https://www.renewable-energy-potential.env.go.jp/RenewableEnergy/



Recent Progress: Forestry supply chain

® Comparison with Nordic and Baltic countries (Northern European)
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* Japan has a large potential due to vigorous forest growth compared to Northern Europe.
* Similar potential per capita, but smaller supply.

Potential in Nordic and Baltic: Roder et al. Sustainable Use of Forest Biomass for Energy, 2010
Supply: IEA Bioenergy, 2021 country report: https://www.ieabioenergy.com/blog/publications/2021-country-reports/ (accessed 2024.01.18)
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Spatial lag of energy potential with neighbors

Recent Progress: Writing paper

Fig. Local Moran’s I statistics based on woody biomass energy potential per unit area and year.
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Conclusion 3

The optimal harvesting period in terms of forest economics resulted in the highest woody
biomass energy potential at 0.74 EJ/year, which is consistent with previous studies.

The woody biomass potential per unit area ranged from 48.8 to 141.1 GJ/ha.

The 0.74 EJ/year estimate was approximately 34% higher than the bottom-up estimate of
0.56 EJ/year.

The top-down estimation assumed a uniform forest distribution, whereas the bottom-up
estimation aggregated stand-level data to estimate the potential at the municipal level,
resulting in variations in energy potential across municipalities.

The Moran’s | statistic indicated positive spatial autocorrelation, suggesting that regions
with high woody biomass energy potential are likely to be clustered in Japan.
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