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PREFACE

China has a long tradition in using biogas in rural areas. Nowadays globally relevant topics,
such as environmental pollution from the industrialization in the agricultural area, rapid
urbanization trough migration and climate change, are top issues on the international political
agenda, and therefore also on the agenda of the Chinese Government. Large scale biogas
technology is, in this context getting increasingly important as it is an instrument to tackle
targets of circular economy, environmental protection, greenhouse gas emission reduction and
renewable energy development within an emerging low carbon society.

Based on these drivers China has started within the recent years to set up middle-, large-and
even mega-large biogas plants. Billions of RMB have been spent by the government to
subsidies a first generation of middle and large scale biogas plants, which were mainly
developed by up scaling traditional technologies with limited performance.

According to the “MOA National Agricultural Biomass Energy Industry Development Plan
(2007-2015)”, the policy target for developing middle and large scale biogas plants
(MLBGPs) at large scale livestock and poultry farms is 8 000 with an annual biogas
production of 670 million m* by 2015. The “NDRC Medium and Long Term Program of
Renewable Energy Development Plan (2006-2020)” anticipates 10 000 MLBGPs at animal
husbandries and another 6 000 MLBGPs processing industrial organic wastewater with an
overall annual biogas yield of 14 billion m® and an installed electricity generation capacity of
3 GW by 2020 as part of the 15% Renewable Energy target in 2020 (Renewable Energy Law,
2006). The enforcement of those policies is part of the 12" Five-Years Plan, but the biogas
plant activities planned by the individual provinces are even going far beyond the national
targets.

Novel business concepts are required and new technological solutions are emerging, such as
multi-feedstock co-digestion at centralized biogas plants, using additional feedstock from
straw, biomass grown on marginal and reclaimable land, biomass waste from urban sources.
In terms of biogas use: the replacement of petroleum based fuels (CNG, LNG) by biogas as
compressed bio—methané for vehicle operation, efficiently generated grid connected biogas
power with high availability, biogas projects applied in climatically cold areas in China, viable
biogas operation under carbon credit conditions, and so on. All that innovative approaches and

objectives have to be seen as new challenges for the biogas technology industry development
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and have to be joint by setting up a professional and academic training and education system
for biogas experts, more research and development and the demonstration of the application of
new technologies adapted to the Chinese conditions.

Related international technical cooperation is established to share the experience from
developed countries with China and China spreads in contrary its own experience to ofher
developing countries, in order to help them to meet their renewable energy development
targets in the context of common global low carbon society development. The °giz’
( Gesellschaft fuer Internationale Zusammenarbeit, Deutschland ) supports with its
Sino-German Biomass Utilization Project the publication of this book series issued by China
Agriculture University, Biogas Engineering and Application. This publication shall be a
viable platform for scientific and applied biogas technology articles for biogas experts involved
in technological and political project development, project implementation and operation.
Biogas Engineering and Applicationshould be an important information source not only
China-wide, it should be as well a source and platform for the international biogas society

interested in biogas in China.

The Chief Editors

Prof. Dr. DONG Renjie Prof. Dr. phil. -habil. Bernhard Raninger
China Agricultural University (CAU) Shenyang Aeronautical University (SAU)
Energy Engineering and Low Carbon Technology Laboratory Institute for Clean Energy and Environmental Engineering

Biomass Engineering Center GIZ, Sino-German Biomass Utilization Project

Beijing, January 2011
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DEVELOPMENT OF OPTIMIZATION MODEL AND CASE STUDY FOR
BIOMASS ENERGY SYSTEM IN JAPAN

GAO Weijun', REN Hongbo®, LI Haifeng®, Yutaka Tonooka*

1. The University of Kitakyushu, Japan; 2. Ritsumeikan University, Japan; 3. Saga University, Japan; 4. Saitama
University, Japan

Contact: Prof. Gao Weijun, The University of Kitakyushu, 1-1 Hibikino, Wakamatsu, Kitakyushu,
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EXECUTIVE SUMMARY

To decrease global warming caused by increasing concentrations of CO, from burning fossil fuels, and to
develop alternative energy sources, it has become desirable to construct alternative, renewable energy
systems. Potential alternative energy sources include solar cells, wind turbines, biomass, etc. Among
these, biomass is considered to be the most promising. For example, the current global energy
consumption is estimated to be 8 000 MTOE (million tons of oil equivalent) per annum and will increase
to as high as 15 000 MTOE by the year 2050. And it is estimated that by the year 2050 annual energy
supply by biomass will amount to 4 400 MTOE. This comparison indicates that, in the future, biomass is
expected to significantly contribute to the global energy supply. Industrial, agricultural livestock and
forest residues can be used as a biomass energy source, or energy crops such as trees and sugarcane can be
grown specifically for conversion to energy. Methods for utilizing biomass include direct burning,
gasification, and liquefaction.

In Japan, biomass has been a relatively small portion of the overall energy budget, supplying about 1% of
the total primary energy consumed in 2004, The Japanese government has tried to promote biomass energy
use in an effort to solve g'lobal warming. For instance, The Ministry of Agriculture, Forestry and Fisheries
(MAFF) has predicted biomass energy use of 110. 5-210. 1 PJ in the future energy demand and supply plan
in 2010.

According to previous research, although having an obvious environmental benefit, the biomass energy
system is not attractive from the view point of economy. However, it is believed that as the development
of biomass fuel convention technologies and the improvement of other aspects, the biomass energy system
will become competitive with the conventional energy system in the future.

In this paper, a linear programming model is developed. The objective is to minimize annual cost of an
energy system equipped with a biomass combined heat and power plant, combining with a back-up boiler.
The model reports the optimal biomass system capacities that customers could employ given their energy
requirements. As an illustrative example, using this model, an investigation is conducted of the
introduction feasibility of the biomass energy system for the science and research park in Kitakyushu,
Japan. According to the results, currently, although having a good environmental merit, it is not a good
choice to introduce biomass energy system from the economic point of view.

Key words:Design; Evaluation; Biomass system; optimization; Economic effect; Environmental effect

1 Introduction

To decrease global warming caused by increasing concentrations of atmospheric carbon dioxide (CO,) from
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burning fossil fuels, and to develop alternative energy sources, it has become desirable to construct
alternative, renewable energy systems. Potential alternative energy sources include solar cells, wind
turbines, and biomass. Among these, biomass is considered to be the most promising. For example, the
current global energy consumption is estimated to be 8 000 MTQE (million tons of oil equivalent) per
annum. The energy consumption will increase to higher than 15 000 MTOE by the year 2050. And it is
estimated that by the year 2020 the annual energy supply by biomass will amount to 1 600 MTOE and by
the year 2050 to 4 400 MTOE. This comparison indicates that, in the future, biomass is expected to
significantly contribute to the global energy supply. Industrial, agricultural livestock and forest residues
can be used as a biomass energy source, or energy crops such as trees and sugarcane can be grown
specifically for conversion to energy. Methods for utilizing biomass include direct burning, gasification,
and liquefaction ™%,

In Japan, biomass has been a relatively small portion of the overall energy budget, supplying about 1% of
the total primary energy consumed in 2004. The Japanese government has tried to promote biomass energy
use in an effort to solve global warming. For instance, The Ministry of Agriculture, Forestry and
Fisheries (MAFF) also predicts biomass energy use of 110. 5-210. 1 PJ in the future energy demand and
supply plan in 2010,

In this study, a linear programming model is developed, using a commercial software package LINGO™!,
The model evaluates the introduction feasibility of a biomass energy system in a specific district. It takes
the customer’s selections (e. g. system capacity, etc. ), combines them with pre-collected data (electric
rate schedules, carbon tax rate, government economic incentives, electric and thermal load profiles, and
biomass energy system performance) and analyzes the information using time series analysis. Finally,
overall evaluation results regarding economic, energetic and environmental effects can be obtained,
according to the simulation for various scenarios.

As an illustrative example, using this model, an investigation is conducted of the introduction feasibility of

the biomass energy system for the science and research park in Kitakyushu (KSRP), Japan. In addition,

corresponding economic, environmental and energetic effects are determined.

2 Evaluation model of biomass energy system

2.1 Description of the evaluation model

In order to adopt the biomass energy system effectively, it is necessary to take into consideration various
aspects including local conditions, energy demands, as well as technical and market information. As shown
in Figure 1, firstly, the electricity and heat demands of the customer, regional energy tariffs (electricity
and city gas), and the biomass energy utilization technologies should be investigated. Then the model is
executed and the optimal results are reported. The objective of the model is to minimize annual total cost
including investment cost and running cost. In addition, by analyzing the installed capacity, energy prices
as well as supply share while considering the balance between supply and demand of energy resources, the
operational characteristics of the integrated energy system are evaluated. The calculation is taken hour by
hour in a total year (8 760 hours).

Furthermore, by fixing the installed capacity or the running schedules of an existed energy system, the
economic, environmental and energetic effects of the biomass energy system can be evaluated through the
execution of the model. In this study, the linear analytical model is constructed by using the optimization

tool LINGO according to the objective function and various constraints.

2 BIOGAS ENGINEERING AND APPLICATION



DEVELOPMENT OF OPTIMIZATION MODEL AND CASE STUDY FOR BIOMASS
ENERGY SYSTEM IN JAPAN
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Result
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Economic,energetic and
environmental charactieristics

.

Figure 1 Flow chart of the model

2.2 Objective function and main constraints

The objective function of thebiomass application process is to minimize annual total cost for the local
customer, taking into account of the costs of the decision. Specifically, system investment cost Cy.,
running and maintenance cost Cay » biomass fuel cost Cg, , as well as natural gas cost Cg,, and gird electricity

cost Cg,... Thus, the overall objective to be minimized is:

Min Cowi = Cre + Caiy + Cous + Cray + Comt (D
Annualized investment cost is shown in Eq. (2).
Ciw = Fmaxp « FCost « YF (2)

Fmaxp is the capacity of biomass equipments, FCost is the capital cost of the equipment, and YF is
annualized coefficient.

The O& M cost is composed of fixed and variable cost, as illustrated in Eq. (3).
Car = D, D) >, > EGen, sn.. + FOMv + Fmaxp « FOMf (3)
m d h u

EGen is the electricity generation from the biomass system, FOMv and FOMf are the unit cost coefficient
for variable and fixed O&M costs, respectively. m , d s h and u are month, day, hour, and end-user,
respectively.

The biogas fuel cost is calculated by multiplying total biogas consumption and the fuel price, as shown in

Eq. (4
Cg, = 2 Z Z EPBio,,,,d,,,,u + BPrice 4)
m d h u

here, PBio is the biomass consumption, BPrice is the price for biomass fuel.
The gas cost is composed of natural gas base service feeGBase and volumetric charge, as shown in Eq. (5).
The volumetric charge is calculated with cumulative gas consumption PGas for backup boiler use multiplied

by the tariff rate GPrice .
CGus = EGBase,- + 2 E E E PGas,,,'d_h_u . GPricem (5)
m m d h u

The electricity purchase cost is described by Eq. (6).
Cg. = ZEBase -+ Z Z E ZPElecm,d_,,_,, » EPrice.. 4. (6
m m d h u

EBase is the base charge for electricity purchase, PElec is the amount of electricity purchase, EPrice is the
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electricity tariff rate.
A balance of supply and demand has to be achieved for both heat and electric power at each point in time,
as shown in Eq. (7). :
Cload m,g.1,. =EGen g, + PEleCn.an,. + g+ PGaSman.u

+v. « RHeat;, n,a.1.4 Vm,d,h,u P
RHeat is the amount of recovered heat from on-site power generation. g and y are the efficiencies for direct
gas use and recovered heat, respectively.
Another key performance constraint is that the biomass plant must operate below maximum operating

capacity of the units, as illustrated in Eq. (8).
> EGenpan. < Fmaxp VYm,d,h (8

Constraint is also set to how much heat can be recovered from the biomass CHP plant, as described in Eq.
(9).
> RHeatpane <a+ ) EGenpan. Vmydsh (9

a is the heat to power ratic of the CHP plant.

3 Illustrative example

3.1 Research object

In this study, the residential area in KSRP, Japan is selected for a case study by considering a biomass
energy system., Figure 2 is the project plan and shows the area comprising 19 Detached Houses (DH), 16
Terrace Houses (TH) and 34 Apartments (APT), whose total floor areas are 2 626 m”, 1 075. 2 m* and

2 740 m?, respectively™®.

Tspes of  |Charactenistics| Urdts Sises | Toiad 1Arc4
Dwellines | of Dwellisgs | (Unit) (m) (m’)
Ddes ached SLDX 6 150 900
house (DID) 4L.DX 13 132 171.6
1ILDX 8 58.3 470 .4
;ﬁm) JLDX 3 70 280
3LDX 4 81.2 324.8
Aparhm ent ILDX 10 472 472
(APT) 2LDX 24 94.5 226.8
TOTAL 64312

Figure 2 Outline of the housing complex development

3.2 Load assessment

According to the energy consumption unit data in Kyushu, it is possible to assess the unit load per square
meter for heating, cooling, hot water and electricity for different months for various types building®.
Figure 3 illustrates the mean value of electricity and thermal loads in winter and summer. From the data,
it can be concluded that. on one hand, peak loads for thermal demand for various dwellings in winter is
about 3 times that in summer; on the other hand, the electricity load for various dwellings in winter is

approximately the same as in summer.
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Figure 3 Electricity and thermal demands

3.3 Market information

In the paper, a time of use electricity tariff for residential buildings is employed, as shown in Table 1.
Besides the basic charge, different rates are set for peak-time, day-time and night-time, respectively!”.
The gas tariff is composed of basic charge and flow charge, which are 1 501. 50 Yen/month and 196. 76 Yen/m’®,
respectively®

In this study, a biomass gas engine CHP system is assumed for adoption. Various characteristics about the
equipment are assumed according to previous study, as shown in Table 2171, The parameters of grid

electricity and city gas are determined according to the investigation of local companiest’ .

Table 1 Electricity tariff

Season Load period Base Charge (Yen) Energy charge(Yen/kWh)
on-peak 32.01
Summer mid-peak 20.13
off-peak 7.19
1155
on-peak 26.70
Winter mid-peak 20.13
off-peak 7.19

Table 2 Other parameters

Item Value
. . Efficiency (%) 38
Electric Utility . .
Carbon intensity (kg/kWh) 0. 375
City gas Carbon intensity (kg/kWh) 0.18
Electricity efficiency (%) 32
Heat effici (%) 52
Biomass CHP system ea. ehiciency (6
Capital cost (10' Yen/kW) 70
Lifetime (a) 20
Boiler Efficiency (%) 80
Heat exchanger Efficiency (%) 95
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