Accepted Manuscript

ENERSGY

Optimal sizing of distributed generation in gas/electricity/heat supply networks

Bei Li, Robin Roche, Damien Paire, Abdellatif Miraoui

PII: S0360-5442(18)30489-4
DOI: 10.1016/j.energy.2018.03.080
Reference: EGY 12538

To appearin:  Energy

Received Date: 27 September 2017
Revised Date: 5 March 2018
Accepted Date: 15 March 2018

Please cite this article as: Li B, Roche R, Paire D, Miraoui A, Optimal sizing of distributed generation in
gas/electricity/heat supply networks, Energy (2018), doi: 10.1016/j.energy.2018.03.080.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


https://doi.org/10.1016/j.energy.2018.03.080

Optimal sizing of distributed generation in gas/electricity/heat supply networks

Bei Li*** Robin Roche®®, Damien Paire®, Abdellatif Miraoui®*

“FEMTO-ST, CNRS, Univ. Bourgogne Franche-Comte, UTBM, rue Thierry Mieg, F-90010 Belfort Cedex, France
b Univ. Bourgogne Franche-Comte, UTBM, rue Thierry Mieg, F-90010 Belfort Cedex, France
¢FCLAB, CNRS, Univ. Bourgogne Franche-Comte, rue Thierry Mieg, F-90010 Belfort Cedex, France

Abstract

Multi-energy supply systems are expected to play an important role in smart grids. Today’s energy supply systems are large nodes
networks, and different types of energy are needed at each node to satisfy the different energy demands. These different types of
energy can then be converted to each other through specific devices. How to decide the ratings of these devices at each node to
make the system cost-effective is addressed in this paper. The focus is set on a gas/electricity/heat hybrid network. A hydrogen
storage system (fuel cell, electrolyzer, and tanks) is used as electricity storage system, a combined heat and power device is used
to produce heat and electric power, etc. A mixed integer linear programming algorithm is used to determine the optimal operation
schedule of the system, where the goal is to minimize shed load. A genetic algorithm is also used to search for the best size of
each component, where the goal is to minimize the total investment costs. In order to resist to contingency events, betweenness
centrality (describing the relative importance of each node) is then used to find the worst case under contingency events. This worst
case scenario is used to research about the influence of contingencies on the sizing results. At last, two cases (modified 13-node
network and IEEE 30 + Gas 20 + Heat 14 nodes system) are tested using the proposed sizing method. The results show that the
renewable energy location, investment cost of components, and the structure of the whole system influence the sizing results. When
the installed capacity of photovoltaic panels is reduced by 50%, the capacity of the electrolyzer decreases by 3%, the capacity for
the hydrogen tanks increases by 2%; when the investment cost of the fuel cell and electrolyzer decreases by 50%, the capacity
of photovoltaic increases by 14%, the electrolyzer increases by 13%, and hydrogen tanks increase by 2%. After considering the
worst case contingency event, for case I, the capacity of photovoltaic and fuel cell increase by 12% and 11%, and the electrolyzer
increases by 34%; for case II, the capacity of photovoltaic and fuel cell increase by 8% and 11%, and the electrolyzer increases by
57%.
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Nomenclature » Parameters

Acronyms E 7 penalty values for load shedding of gas demands
CCHP combined cooling heat and power uw f penalty values for load shedding of electricity demands
CHP combined heat and power 5y penalty values for load shedding of heat demands
DG distributed generation 16 Ciny investment cost of each component
EA evolutionary algorithm 17 effcup gas utilization efficiency of CHP to consume gas
EH energy hub 18 eff., efficiency to produce H; through the electrolyzer
GA genetic algorithm 19 ef fgrn efficiency of ETH to produce heat
MG microgrid 2 effery efficiency of GTH to produce heat
MILP mixed integer linear programming 21 ef frear fuel cell efficiency to produce heat
MINLP mixed integer nonlinear programming 2 effr heatrecovery efficiency of CHP

23 L’e; electricity load demands at node i and time 1 (MW)
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