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Abstract——Renewable energy sources (RESs), particularly so‐
lar and wind energy, present a viable pathway for decarboniz‐
ing isolated microgrids (MGs). However, as the penetration of 
RESs increases, ensuring the optimal utilization of RESs while 
maintaining the system reliability poses significant challenges 
for isolated MGs. Therefore, a hierarchical coordination optimi‐
zation method of the isolated electricity-hydrogen MG with 
high penetration of RESs is proposed to achieve low-carbon dis‐
patching. The developed isolated electricity-hydrogen MG is an 
integrated system featuring hybrid battery-hydrogen energy 
storage, which encompasses three interconnected subsystems: 
an AC subsystem, a DC subsystem, and a hydrogen subsystem. 
The proposed method can be divided into two dispatch hori‐
zons: an annual horizon and a daily horizon. The annual hori‐
zon focuses on the inter-day energy dispatch, addressing hydro‐
gen storage boundary conditions to solve seasonal energy mis‐
matches. The daily horizon focuses on the day-ahead power dis‐
patch to ensure the daily power balance of MG, taking into ac‐
count the errors in annual estimated data. The effectiveness of 
the proposed method is validated through a series of case stud‐
ies for an isolated electricity-hydrogen MG under varying pene‐
trations of RESs and energy storage configurations. Simulation 
results show the promising potential of the proposed method in 
facilitating sustainable isolated electricity-hydrogen MGs.

Index Terms——Microgrid (MG), renewable energy source 
(RES), hybrid battery-hydrogen energy storage, energy manage‐
ment system.

NOMENCLATURE

A. Indices and Sets

εN, εM Branch sets of AC and DC networks
d, D Index and number of days
j Index of nodes
N, M Node sets of AC and DC networks
t, T Index and number of time intervals in a day
Dt, Dd Time resolutions of day-ahead power dispatch 

and inter-day energy dispatch

B. Parameters

ηBCD2A Conversion efficiency of DC to AC (D2A) via 
bidirectional converter (BC) (%)

ηBCA2D Conversion efficiency AC to DC (A2D) via 
BC (%)

ηED, ηHFC Efficiencies of electrolyzer device (ED) and 
hydrogen fuel cell (HFC) (%)

ηHch, ηHdch Charging and discharging efficiencies of hy‐
drogen energy storage (HES) (%)

ηBch, ηBdch Charging and discharging efficiencies of bat‐
tery energy storage (BES)  (%)

ηBself, ηHself Self-discharging rates of BES (%/h) and HES 
(%/day)

πC, cG Carbon tax ($/kg) and diesel engine (DE) 
emission coefficient (kg/L)

ζ d
H End-of-day state-of-hydrogen (SOH) consider‐

ing deviation
εSOHmax Correction threshold of SOH
γAL Power factor angle (rad)

aDE, bDE Fit coefficients of daily cost of DE
CapH, CapB Total energy capacities of HES (kg) and BES 

(kWh)
DoffDt

min The minimum continuous shutdown duration 
of DE (hour)

DonDt
min , DonDt

max The minimum and maximum continuous oper‐
ating durations of DE (hour)

E d
WTG, E d

PVG Electricity generation of wind turbine (WT) 
and photovoltaic (PV) (kWh)
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E d
ALA, E d

DLA Critical AC and DC load demands (kWh)
E d

ALA&B, The maximum AC and DC load demands 
E d

DLA&B (kWh)
E d

HLA, E d
HLA&B Critical and the maximum hydrogen load de‐

mands (kg)
E d

DEmin, E
d
DEmax The minimum and maximum output electrici‐

ty of DE (kWh)
DE d

ED Energy deviation of ED (kWh)
DE d

HFC Energy deviation of HFC (kWh)
DE d

Hch, DE d
Hdch Energy deviations of charging and discharging 

hydrogen of HES (kg)
DE d

BCA2B Energy deviation of AC bus to BC (A2B) 
(kWh)

DE d
BCB2A Energy deviation of BC to AC bus (B2A) 

(kWh)
DE d

ACNG Net generation deviation of AC subsystem 
(kWh)

DE d
DCNG Net generation deviation of DC subsystem 

(kWh)
DE d

HNG Net generation deviation of hydrogen subsys‐
tem (kg)

error d
WT Estimation error of annual WT generation 

(kWh)
error d

PV Estimation error of annual PV generation 
(kWh)

error d
AL Estimation error of annual AC load (kWh)

error d
DL Estimation error of annual DC load (kWh)

error d
HL Estimation error of annual hydrogen load (kg)

F1, F2 Fuel consumption coefficients of DE
Gt

HLA, Critical and the maximum hydrogen load de-
Gt

HLA&B mands (kg/h)
GHchmax, The maximum charging and discharging hy-
GHdchmax drogen of HES (kg/h)
mO&M

H  mO&M
BC , Operation and maintenance (O&M) prices of 

mO&M
ED , mO&M

HFC  HES ($/kg), BC, ED, HFC, BES, DE, PV, and 
mO&M

B , mO&M
DE , WT ($/kWh)

mO&M
PV , mO&M

WT

mcur
EL, mcur

HL Prices of electric ($/kWh) and hydrogen ($/
kg) load curtailments 

mdep
B , mdep

HFC, Depreciation prices of BES, HFC, and ED ($/
mdep

ED kWh)
mdep

H Depreciation price of HES ($/kg)
P t

WTG, P t
PVG Active power generated by WT and PV (kW)

P t
ALA, P t

DLA Critical active power of AC and DC loads (kW)
P t

ALA&B, The maximum active power of AC and DC 
P t

DLA&B loads (kW)
PD2Bmax, The maximum active power of DC bus to BC 

(D2B) and A2B (kW) 
PEDmin, The minimum and maximum active power of 
PEDmax ED (kW)
PHFCmin, The minimum and maximum active power of 
PHFCmax HFC (kW)
PDEmin, The minimum and maximum active power of 

PDEmax DE (kW)
PBchmax, The maximum charging and discharging 
PBdchmax power of BES (kW)
PijDCmax The maximum active power of branch (kW)
PDEr Rated power capacity of DE (kW)
DPDt

BCdw, The maximum ramp down and up power of 
DPDt

BCup BC (kW/h)
DPDt

EDdw, The maximum ramp down and up power of 
DPDt

EDup ED (kW/h)
DPDt

HFCdw, The maximum ramp down and up power of 
DPDt

HFCup HFC (kW/h)
DPDt

DEdw, The maximum ramp down and up power of 
DPDt

DEup DE (kW/h)
rij, xij Resistance and reactance of branch
SHmin, SHmax The minimum and maximum SOHs of HES
SBmin, SBmax The minimum and maximum states-of-charge 

(SOCs) of BES
S ini

H , S ini
B The initial SOH of HES and SOC of BES

SBC, SDE, SWT Capacities of BC, DE, and WT (kVA)
SijACmax The maximum apparent power of branch 

(kVA) 
S d

Hnew Corrected SOH at the end of day
∆S d

Herror SOH deviation of HES caused by estimation 
error

VHHV Higher heating value of hydrogen (MJ/kg)
V start

DE , V fuel
DE Start-up price ($) and fuel price ($/L) of DE

vmin, vmax The minimum and maximum values of square 
voltage

C. Variables

E d
A2B, E d

D2B Electricity of A2B and D2B (kWh)
E d

EDin, E
d
EDout Input electricity (kWh) and output hydrogen 

(kg) of ED
E d

HFCin, E
d
HFCout Input hydrogen (kg) and output electricity 

(kWh) of HFC
E d

WT, E d
PV Electricity of WT, PV, and DE for dispatch

  E d
DE (kWh)

E d
AL, E d

DL, AC (kWh), DC (kWh), and hydrogen load  
  E d

HL demands (kg)
E d

Hch, E
d
Hdch Charging and discharging hydrogen of HES 

(kg)
F t

fuel Fuel consumption rate of DE (L/h)
Gt

AL Reactive power of AC load (kvar)
Gt

HLcur Hydrogen load curtailment (kg/h)
Gt

HFC, Gt
ED Hydrogen inflow/outflow of HFC and ED (kg/

h)
Gt

Hch, G
t
Hdch Charging and discharging hydrogen of HES 

(kg/h)
Gt

HL Hydrogen load demand (kg/h)
l t

ij Square current of branch
P tj

AC, Qtj
AC Active power (kW) and reactive power (kvar) 

in AC subsystem
P tj

DC Active power in DC subsystem (kW) 
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P t
ij Q

t
ij Active power (kW) and reactive power (kvar) 

of branch
P tj

WT, P tj
PV, Active power of WT, PV, and DE for dispatch 

  P tj
DE (kW)

P t
HFC, P t

ED Output/input active power of HFC and ED 
(kW)

P t
AL, P t

DL, Active power of AC load (kW), DC load 
  Gt

HL (kW), and hydrogen load (kg/h)
P tj

ALcur, P
tj
DLcur Active power of AC and DC load curtailments 

(kW)
P tj

Bch, P
tj
Bdch Charging and discharging active power of 

BES (kW)
P tj

B2A, P tj
B2D Active power of B2A and BC to DC bus 

(B2D) (kW)
P tj

A2B, P tj
D2B Active power of A2B and D2B (kW)

Qtj
BC, Qtj

DE, Reactive power of BC, DE, and WT (kvar)
  Qtj

WT

Qtj
WT, Qtj

PV, Reactive power of WT, PV, and DE for dis-

  Qtj
DE patch (kvar)

Qtj
AL Reactive power of AC load (kvar)

S t
H, S t

B SOH of HES and SOC of BES
ut

BC State of BC in daily horizon (1 for D2B and 0 
for A2B)

ut
ED, ut

HFC, ut
DE States of ED, HFC, and DE in daily horizon 

(1 for working)
ut

B, ut
H States of BES and HES in daily horizon (1 for 

charging)
ud

BC State of BC in annual horizon (1 for D2B and 
0 for A2B)

ud
ED, ud

HFC, ud
DE States of ED, HFC, and DE in annual horizon 

(1 for working)
ud

H State of HES in annual horizon (1 for charg‐
ing)

vtj Squared voltage at node

I. INTRODUCTION 

TO achieve the purpose of greenhouse gas emission re‐
duction, the development of renewable energy sources 

(RESs) is crucial [1]. The International Energy Agency 
(IEA) reports that RESs may become the dominant energy 
source to achieve net zero [2]. In 2021, the wind and solar 
share climbed above 10% of world electricity generation [3]. 
However, the power output of solar and wind energy has a 
stochastic and intermittent nature [4], [5]. These intrinsic fea‐
tures impose difficulties and challenges on microgrid (MG) 
operation, which is the bottleneck problem restricting the ap‐
plication of high penetration of RESs.

Diesel generators are frequently employed as primary pow‐
er sources in isolated MGs to ensure the reliability of power 
supply. Expensive electricity and polluting gas emissions are 
two features of isolated MGs [6]. Therefore, enhancing envi‐
ronmental friendliness and ensuring supply reliability are 
two critical issues that require urgent attention for isolated 
MGs. In order to achieve the MG decarbonization, some con‐
trollable power sources such as diesel generators will gradu‐

ally be replaced by uncontrollable RESs. Consequently, the 
operation mode of isolated MGs with a high penetration of 
RESs will shift from power source adjustment to coordinat‐
ing among sources, loads, and storage facilities.

The deployment of energy storage system (ESS) is one of 
the practical and efficient measures to promote the consump‐
tion of RESs and reliable operation [7]. The energy storage 
sector has experienced significant growth in recent years. Ac‐
cording to the latest industry report from China Energy Stor‐
age Alliance (CNESA), by the end of 2022, the total electric‐
ity storage capacity in operation worldwide had reached 
237.2 GW [8]. Lithium-ion batteries are growing the fastest 
as a representative of electrochemical energy storage. Noted 
that pumped hydro storage is highly dependent on geographi‐
cal conditions, and it is generally unsuitable for small- and 
medium-scale MGs.

Battery energy storage (BES) is typically utilized for short-
term energy storage to participate in daily cycling applica‐
tions such as power balancing, peak shaving, and frequency 
regulation [9]. A hybrid battery/ultracapacitor ESS is pro‐
posed in [10] to meet the requirements of the highly-dynam‐
ic current demands and steady-state loads. The analysis of a 
campus MG indicated that the excessive integration of RESs 
would result in excess power, necessitating a large-scale ESS 
[11]. In contrast, BES is not suitable for long-term and large-
scale energy storage due to its low energy density and non-
negligible self-discharging rate. The long-term energy stor‐
age is employed to address the seasonal energy mismatch be‐
tween RES supply and electricity demand in decarbonized 
power systems [12]. The study in [13] suggested that a hy‐
drogen energy storage (HES) system could be significantly 
deployed as a long-term and large-scale energy storage solu‐
tion because of its decoupling of energy capacity from pow‐
er capacity. However, the low conversion efficiencies, high 
investment costs, and security concerns remain the primary 
barriers to the widespread application of HES. Recently, the 
emphasis on environmental protection has made HES more 
competitive [14]. Additionally, HES offers unique benefits in 
isolated MGs, as most isolated MGs typically depend on fos‐
sil fuel-based electricity [15]. This paper achieves the coordi‐
nated long-term and short-term operations of isolated MGs 
with RESs by using a hybrid battery-hydrogen ESS.

Regarding the consumption of high penetration of RESs, 
most existing research has focused on energy system plan‐
ning and operation. In [16], an optimal planning model 
based on a two-stage full-data processing approach is pro‐
posed for MGs with RESs, in which the two timescales with 
different resolutions are included. Reference [17] presents a 
multistage stochastic optimization model for the power distri‐
bution system and hydrogen energy system, optimizing the 
investment decisions on network assets, capacities of power 
to hydrogen (P2H) and hydrogen storage, ultimately reduc‐
ing planning costs and promoting renewable energy con‐
sumption. The work in [18] proposes a novel energy-sharing 
mechanism for smart MGs with RESs and ESSs to achieve 
the energy source sharing and trading. However, these stud‐
ies have given limited consideration to the integration of hy‐
drogen technologies in decarbonized MGs, and the impact of 
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long-term and large-scale energy storage on seasonal energy 
balance has not been fully addressed.

In recent years, the hydrogen energy has been integrated 
into power systems to address the spatiotemporal imbalance 
between RES generation and hydrogen demand [19] and to 
enhance the RES accommodation [20]. Reference [20] devel‐
oped a day-ahead economic dispatch for a grid-connected 
electrical-gas-hydrogen MG. However, this work heavily de‐
pended on the main grid and ignored environmental factors. 
To improve the RES utilization, [21] presented reasonable 
power to heat and P2H as well as HES models for an inte‐
grated energy system with ultra-high penetration of RESs. 
Reference [22] proposed a multistage stochastic mixed-inte‐
ger programming approach to optimize the synergy between 
seasonal and short-term energy storage in hydrogen-enabled 
multi-energy MGs. These studies verified that the hydrogen 
energy holds significant potential to boost RES accommoda‐
tion and facilitate system decarbonization. However, the op‐
erational strategies are not applicable to isolated MGs, as 
they cannot use the main grid as an energy supplement to 
maintain energy balance. Hence, the decarbonization of iso‐
lated MGs is more challenging than that of grid-connected 
MGs.

The research on energy management systems (EMSs) con‐
sidering multi-time-scale coordination has been extensively 
studied. Predicted errors are inevitable due to uncertainties, 
particularly in MGs with high penetration of RESs [23]. For 
example, to compensate for source-load deviations in island‐
ed hybrid AC/DC MGs, [24] proposes a multi-time-scale 
rolling optimization method, which includes a day-ahead 
scale, a short-term scale, and a real-time scale. In [25], a 
three-level hierarchical coordination method including top, 
medium, and bottom levels is proposed for MGs to address 
supply-demand imbalances, which also considers energy trad‐
ing among different MGs. A multi-time-scale hierarchical 
control strategy is also developed for the Dongao Island 
MG, China, solving the frequency stability problem [26]. 
Reference [27] presents a two-layer EMS for MGs, where 
the two layers focus on minimizing operational costs and 
eliminating power fluctuations, respectively. In [28], a dy‐
namic and precise operating reserve scheme is developed 
within the multi-time-scale EMS to accurately allocate BES 
capacity for economic scheduling and operating reserve. 
MGs with a small or medium share of RESs are flexible 
enough to avoid seasonal energy mismatches. To advance 
the decarbonization, it is necessary to increase the percent‐
age of RESs and deploy the long-term ESSs. Further re‐
search efforts are needed for the development of optimiza‐
tion methods for isolated MGs, considering annual and daily 
timescales within the context of decarbonization.

Isolated MGs with high penetration of RESs face a dual 
challenge of daily power intermittency and seasonal energy 
mismatches. As the penetration of RESs increases, the issues 
of power curtailment and supply reliability are expected to 
worsen. These are also new challenges for traditional MGs 
and conventional dispatch methods. Therefore, this paper 
proposes a hierarchical coordination optimization method of 

isolated electricity-hydrogen MGs with high penetration of 
RESs. The main contributions of this paper can be summa‐
rized as follows.

1) To achieve the decarbonized isolated MGs, an isolated 
electricity-hydrogen MG with high penetration of RESs is 
considered. This paper constructs an isolated electricity-hy‐
drogen MG consisting of an AC subsystem, a DC subsys‐
tem, and a hydrogen subsystem. Moreover, a hybrid ESS 
with BES and HES is proposed to ensure the reliability of 
both long-term and short-term power.

2) The proposed method employs two dispatch horizons 
to realize the coordination operation of isolated electricity-
hydrogen MGs under high and super-high penetrations of 
RESs. In the proposed method, the annual horizon is dedicat‐
ed to solving seasonal energy mismatches, while the daily 
horizon focuses on achieving daily power balance. The pre‐
diction errors and carbon emission costs are also taken into 
account.

3) Currently, due to the significant error, it is generally in‐
accurate to forecast energy data a year in advance. We uti‐
lize the spare capacity of HES to mitigate the deviation of 
renewable energy output and load demand from annual esti‐
mated data. It aims to increase the utilization of hydrogen 
storage and guarantee the reliable and economic operation of 
isolated electricity-hydrogen MGs.

The remainder of this paper is organized as follows. The 
isolated electricity-hydrogen MG modeling is presented in 
Section II. Section III formulates the dispatch problem. Sim‐
ulation results are presented and discussed in Section IV. Fi‐
nally, Section V summarizes the conclusion and identifies 
the areas that need a further research effort.

II. ISOLATED ELECTRICITY-HYDROGEN MG MODELING 

A. System Architecture

The system architecture of the isolated electricity-hydro‐
gen MG is shown in Fig. 1. Currently, a considerable share 
of power generation resources in MGs produces DC power, 
and a growing number of electric devices operate on DC 
bus. On one hand, connecting these generation resources and 
DC loads to a DC MG with the appropriate voltage may sig‐
nificantly minimize the losses and costs associated with pow‐
er electronic equipment. On the other hand, hydrogen is a 
large-scale and low-carbon energy storage medium that plays 
a key role of energy balancing in MGs with high penetration 
of RESs. Therefore, the isolated electricity-hydrogen MG is 
divided into three energy subsystems: AC subsystem with 
power network, DC subsystem with power network, and hy‐
drogen subsystem with one hydrogen bus. A bidirectional 
converter (BC) is connected between the AC bus and DC 
bus. The AC power sources are diesel engines (DEs) and 
wind turbines (WTs). The WT, characterized by variable fre‐
quency, requires a converter (included in the WT) to connect 
to AC bus. The DE is the only backup power source in the 
AC subsystem of the isolated electricity-hydrogen MG. Pho‐
tovoltaic (PV) arrays and hydrogen fuel cells (HFCs) play 
roles in the DC power supply.
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Similarly, the hydrogen bus is the backbone for hydrogen 
flow. An electrolyzer device (ED) produces hydrogen, which 
can consume surplus electricity generated by the WT and 
PV. In addition, BES in the DC subsystem and HES in the 
hydrogen subsystem collectively form the hybrid ESS in the 
isolated electricity-hydrogen MG. They coordinate with each 
other to deal with the daily power and inter-day energy im‐
balance of MG. EMS is the control center, which manages 
each module of the isolated electricity-hydrogen MG. High-
voltage hydrogen storage tanks and lithium-ion batteries are 
currently the most mature and widely used storage devices 
for hydrogen energy and battery energy, respectively.

The production-consumption balance and power flow con‐
straints of the isolated electricity-hydrogen MG are represent‐
ed in (1)-(14). Specifically, constraints (1)-(8) are the power 
balance and power flow constraints of AC subsystems [29]. 
Constraints (9) - (14) are the power balance and power flow 
constraints of DC subsystems. The DC power flow con‐
straints are similar to the AC power flow constraints, and we 
obtain the DC network operation constraints by excluding 
equations or terms related to reactive power [30]. Equation 
(15) guarantees the hydrogen flow balance of hydrogen sub‐
system without power network. It should be noted that, un‐
less otherwise specified, the value of t is assumed to be an 
integer from 1 to T.

P tj
AC =P tj

WT +P tj
DE + (P tj

B2A -P tj
A2B )-P tj

AL    "t"jÎN (1)

Qtj
AC =Qtj

WT +Qtj
DE +Qtj

BC -Qtj
AL    "t"jÎΝ (2)

P tj
AC = ∑

k: j® k

P t
jk - ∑

i: i® j

(P t
ij - rijl

t
ij )    "t"jÎΝ (3)

Qtj
AC = ∑

k: j® k

Qt
jk - ∑

i: i® j

(Qt
ij - xijl

t
ij )    "t"jÎΝ (4)

vtj = vti - 2(rij P
t
ij + xijQ

t
ij )+ (r 2

ij + x2
ij )l

t
ij    "t "(ij)Î εΝ (5)













 











2P t
ij

2Qt
ij

l t
ij - vti

2

£ l t
ij + vti    "t"(ij)Î εΝ (6)

vmin £ vtj £ vmax    "t"jÎΝ (7)

(P t
ij )

2 + (Qt
ij )

2 £ S 2
ijACmax    "t"(ij)Î εΝ (8)

P tj
DC =P tj

PV + (P tj
HFC -P tj

ED )+ (P tj
Bdch -P tj

Bch )+
(P tj

B2D -P tj
D2B )-P tj

DL    "t"jÎΜ (9)

P tj
DC = ∑

k: j® k

P t
jk - ∑

i: i® j

(P t
ij - rijl

t
ij )    "t"jÎΜ (10)

vtj = vti - 2rij P
t
ij + r 2

ij l
t
ij    "t"(ij)Î εΜ (11)



 


2P t

ij

l t
ij - vti

2

£ l t
ij + vti    "t"(ij)Î εΜ (12)

vmin £ vtj £ vmax    "t"jÎΜ (13)

(P t
ij )

2 £P 2
ijDCmax    "t"(ij)Î εΜ (14)

Gt
ED +Gt

Hdch =Gt
HL +Gt

HFC +Gt
Hch    "t (15)

B. Modeling of Coupling Devices

In the isolated electricity-hydrogen MG, the coupling de‐
vices composed of BC, ED, and HFC are responsible for the 
energy conversion between different energy subsystems.
1)　BC

The BC undertakes the bidirectional power conversion be‐
tween AC and DC subsystems. Equations (16) and (17) de‐
fine the conversion efficiencies of DC to AC (D2A) and AC 
to DC (A2D) via BC, respectively. The operation of BC 
needs to meet power capacity constraints in (18) and (19) 
and power fluctuation constraint (20) [24]. According to 
[31], the active-reactive relation of BC is defined by con‐
straint (21), and its reactive power Qt

BC is limited not only 
by the active power but also by its capacity SBC.

P t
B2A = ηBCD2A P t

D2B    "t (16)

P t
B2D = ηBCA2D P t

A2B    "t (17)

0 £P t
D2B £PD2Bmaxut

BC    "t (18)

0 £P t
A2B £PA2Bmax (1 - ut

BC )    "t (19)

-DPDt
BCdw £(P t

A2B -P t - 1
A2B )- (P t

D2B -P t - 1
D2B )£DPDt

BCup    "t (20)

(Qt
BC )2 + (P t

B2A -P t
A2B )2 £ S 2

BC    "t (21)

2)　ED
The ED is responsible for P2H. EDs have good fluctua‐

tion adaptability [32]. Among various electrolysis tech‐
niques, the alkaline electrolysis (AE) technique is mature 
and has broad applications [21]. The conversion function of 
the electrolytic process is shown in (22) [20]. The electrolyt‐
ic process is powered by electricity, which produces hydro‐
gen and oxygen. Constraint (23) displays the maximum and 
minimum operating power limits. ED also needs to consider 
the power ramp rates, as shown in (24).

Gt
ED =

3.6P t
EDηED

VHHV

    "t (22)

PEDminut
ED £P t

ED £PEDmaxut
ED    "t (23)

-DPDt
EDdw £P t

ED -P t - 1
ED -PEDmin (ut

ED - ut - 1
ED )£DPDt

EDup    "t (24)

3)　HFC
As the facility of hydrogen to power (H2P), the HFC can 

participate in the reliable operation of MG as a flexible pow‐
er source [33]. The HFC is modeled similarly to DE. Equa‐
tion (25) defines that the HFC produces electricity by con‐
suming hydrogen. Constraints (26) and (27) represent the op‐
erating power limit and power ramp limit of HFC, respec‐
tively.

AC power flow; DC power flow; Hydrogen flowInformation flow;

DC bus

DC load

EMS

BES

AC bus

AC loadDE

BC

WT
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HES

HFC

ED
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Hydrogen load

H2

P2H

H2P

AC subsystem

DC subsystem
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Fig. 1.　System architecture of isolated electricity-hydrogen MG.
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P t
HFC =

Gt
HFCVHHVηHFC

3.6
    "t (25)

PHFCminut
HFC £P t

HFC £PHFCmaxut
HFC    "t (26)

-DPDt
HFCdw £P t

HFC -P t - 1
HFC -PHFCmin (ut

HFC - ut - 1
HFC )£DPDt

HFCup    "t
(27)

C. Modeling of Energy Storage

The hybrid battery-hydrogen ESS plays a vital role in the 
isolated electricity-hydrogen MG with high penetration of 
RESs. The HES is used as a long-term energy storage to re‐
alize the inter-day energy balance of the MG, while the BES 
is used as a short-term energy storage to realize the daily 
power balance. They correspond to the annual and daily hori‐
zons of optimal scheduling, respectively.
1)　HES

Although the conversion efficiency between electrical en‐
ergy and hydrogen energy is not high, hydrogen can be 
stored on a large scale with high efficiency [34]. The daily 
self-loss rate of the HES is assumed to be negligible. Equa‐
tion (28) represents the hydrogen storage process, where the 
hydrogen is compressed and stored in some periods and re‐
leased in other periods [20]. Constraints (29) and (30) im‐
pose the maximum flow limits on the hydrogen charging 
and discharging, respectively. By using binary variable ut

H, si‐
multaneous charging and discharging are avoided. Constraint 
(31) describes that the state-of-hydrogen (SOH) must fall 
within the set range. The MG deploys high-pressure gaseous 
type II hydrogen storage tanks. The compressor is installed 
near the filling port of the hydrogen storage tank, and its 
compression efficiency is included in the charging/discharg‐
ing efficiency of HES.

S t
H = S t - 1

H +Dt
Gt

HchηHch -
Gt

Hdch

ηHdch

CapH
    "t

(28)

0 £Gt
Hch £GHchmaxut

H    "t (29)

0 £Gt
Hdch £GHdchmax (1 - ut

H )    "t (30)

SHmin £ S t
H £ SHmax    "t (31)

2)　BES
Equation (32) describes the dynamic state-of-charge 

(SOC) balance of the BES [28]. The self-discharging rate of 
BES is considered. In each time interval, the charging power 
and discharging power of BES are restricted by the maxi‐
mum power limits in constraints (33) and (34), respectively. 
The charging and discharging states of BES are mutually ex‐
clusive, by using a binary variable ut

B. Constraint (35) repre‐
sents the specified range of SOCs. Constraint (36) guaran‐
tees the initial SOC of the cyclical operation of BES for the 
next day.

S t
B = S t - 1

B (1 - ηBselfDt)+Dt
P t

BchηBch -
P t

Bdch

ηBdch

CapB
    "t

(32)

0 £P t
Bch £PBchmaxut

B    "t (33)

0 £P t
Bdch £PBdchmax (1 - ut

B )    "t (34)

SBmin £ S t
B £ SBmax    "t (35)

S T
B ³ S ini

B (36)

D. Modeling of Power Generation

In the isolated electricity-hydrogen MG, power sources 
consist of RESs and DEs. Wind-solar RESs are the zero-car‐
bon power generation equipment in the MG. However, due 
to the intermittent nature of the output of RES, it is neces‐
sary to deploy DEs to meet the reliability requirement of the 
power supply in the MG.
1)　DE

The DE is the only controllable backup power source of 
the MG. The participation of DEs in the dispatch requires a 
trade-off between economy and reliability due to their expen‐
sive fuel cost and carbon emissions. Constraints (37) and 
(38) limit the operating power range and power adjustment, 
respectively [24]. The maximum and minimum continuous 
operating durations are limited in (39) and (40), respectively, 
and the minimum continuous shutdown duration is limited 
by (41) [28]. Constraint (42) defines that the active power 
and reactive power of the DE are limited by its capacity 
[31]. The fuel consumption is formulated as a linear function 
(43) [35].

PDEminut
DE £P t

DE £PDEmaxut
DE    "t (37)

-DPDt
DEdw £P t

DE -P t - 1
DE -PDEmin (ut

DE - ut - 1
DE )£DPDt

DEup    "t (38)

∑
i =-DonDt

max

0

ut + i
DE £DonDt

max     "tÎ[12...2T] (39)

∑
i = 1 -DonDt

min

0

ut + i
DE ³DonDt

min (ut -DonDt
min + 1

DE - ut -DonDt
min

DE )    "tÎ[12...2T] (40)

∑
i = 1 -DoffDt

min

0

(1 - ut + i
DE )³DoffDt

min (ut -DoffDt
min

DE - ut -DoffDt
min + 1

DE )    "tÎ[12...2T]

(41)

(Qt
DE )2 + (P t

DE )2 £ S 2
DEut

DE    "t (42)

F t
fuel =F1 PDEru

t
DE +F2 P t

DE (43)

2)　RES
Most previous works indicate that the power output of PV 

mainly depends on the ambient temperature and solar radia‐
tion intensity [36], and that of WT can be estimated from 
the wind speed [37]. Since these influencing factors are un‐
controllable, the power output of RES is uncertain. This pa‐
per only focuses on the predicted outputs of RESs participat‐
ing in MG dispatch on different time scales. As shown in 
(44), the dispatch power of RESs are all less than or equal 
to the maximum outputs of the RESs, which may result in 
excess generation curtailment. The WT located in the AC 
subsystem can provide reactive power with an output range 
given by constraint (45) [31].

ì
í
î

ïï0 £P t
PV £P t

PVG      "t

0 £P t
WT £P t

WTG    "t
(44)

(Qt
WT )2 + (P t

WT )2 £ S 2
WT    "t (45)
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E. Modeling of Load Demand

The load demand of the isolated electricity-hydrogen MG 
consists of AC loads, DC loads, and hydrogen loads. In or‐
der to ensure the stable operation of the isolated electricity-
hydrogen MG, each type of load can be divided into critical 
and cuttable loads. In addition, a demand response program 
is considered for curtailing loads. The operator needs to pay 
extra costs for the load curtailment participation [25], [38]. 
Constraint (46) represents the range of load supply. Equation 
(47) defines the load curtailment of each type of load. The 
expression of AC load is given by (48).

ì

í

î

ïïïï

ï
ïï
ï

P t
DLA £P t

DL £P t
DLA&B     "t

P t
ALA £P t

AL £P t
ALA&B     "t

Gt
HLA £Gt

HL £Gt
HLA&B    "t

(46)

ì
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î
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ï
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P t
DLcur =P t

DLA&B -P t
DL     "t

P t
ALcur =P t

ALA&B -P t
AL     "t

Gt
HLcur =Gt

HLA&B -Gt
HL    "t

(47)

Qt
AL =P t

AL tan(arccos γAL )    "t (48)

III. DISPATCH PROBLEM FORMULATION 

A. Proposed Method

The proposed method has a similar framework to the 
multi-time-scale rolling scheduling strategy. The proposed 
method consists of two dispatch horizons: the annual hori‐
zon (inter-day energy dispatch) and the daily horizon (day-
ahead power dispatch). The flowchart of the proposed meth‐
od is shown in Fig. 2. 

The proposed method first carries out the inter-day energy 
dispatch, and then iteratively conducts the day-ahead power 
dispatch throughout the year.

The proposed method has two main improvements: ① we 
conduct a full-year low-carbon dispatch for an isolated elec‐
tricity-hydrogen MG with high penetration of RESs; ② the 
inter-day energy dispatch belongs to forward-looking dis‐
patch, which aims to obtain the annual distribution of hydro‐
gen storage state constraints and exchange them as boundary 
information with the lower-level dispatch.

Prior to carrying out the day-ahead power dispatch prob‐
lem, it is necessary to obtain the latest end-of-day SOH. We 
calculate the errors between the estimated annual energy pro‐
duction and consumption data and the day-ahead forecast da‐
ta. It aims to correct the end-of-day SOH constraint for the 
day-ahead power dispatch through the hydrogen energy trans‐
mission chain.

B. Annual Horizon: Inter-day Energy Dispatch

For an isolated electricity-hydrogen MG with high penetra‐
tion of RESs, there are significant differences in its energy 
production and consumption characteristics across different 
seasons, and there are also differences between weekdays 
and weekends/holidays. Existing short-term dispatch meth‐
ods such as day-ahead dispatching cannot effectively deal 
with the seasonal and daily energy differences in such an iso‐
lated electricity-hydrogen MG. To address these mismatches, 
this paper uses HES as seasonal energy storage and achieves 
long-term cross-seasonal and cross-day energy balance of 
isolated electricity-hydrogen MGs through inter-day energy 
dispatch.

The annual horizon is used for the inter-day energy dis‐
patch based on the estimated year-ahead energy data. The 
problem of seasonal energy mismatch is solved by obtaining 
the boundary conditions of HES. A high resolution (high lev‐
el of details and granularity) in the annual horizon would 
produce a large number of optimization variables. Moreover, 
the accurate forecast of high-resolution data for the follow‐
ing year is not available. Therefore, the annual horizon mod‐
el is an inter-day energy dispatch model.

The power and hydrogen flows of the inter-day energy dis‐
patch are shown in Fig. 3. Each day is a time node in the an‐
nual horizon model. A daily energy data set of RESs and 
loads is considered to capture the end-of-day SOH of HES 
throughout the year. The dispatch model of annual horizon 
needs to consider the daily energy constraints and daily oper‐
ational costs of each module instead of the intraday opera‐
tional details. In addition, the batteries are not considered in 
the model since they perform only intraday cycles.

The objective of the dispatch model in the annual horizon 
is to minimize the annual operational cost Cyear, which re‐
lates to BC, ED, HFC, RESs, DE, HES, and load curtail‐
ment, as shown in (49). Equation (50) represents the energy 
balance constraints of AC, DC, and hydrogen subsystems. 
The daily energy constraints of BC, ED, HFC, HES, DE, 
RESs, and load curtailment are represented in (51)-(57), re‐
spectively.

Annual operation constraints and
parameters of modules (BC, ED,
HFC, HES, DE, load, and RESs)

dSH

SH,new, SH
d

d=1

d>D? d=d+1

Annual horizon

Daily horizon

Error correction

Start

End

Inter-day energy dispatch problem
((49)-(57))

Correction of the end-of-day
SOH ((68) and (69))

d,T

Daily operation constraints and
parameters of modules (BC, BES, 

ED, HFC, HES, DE, load, and RESs),
and network power flow constraints

Day-ahead power dispatch
problem ((80))

N

Y

Fig. 2.　Flowchart of proposed method.
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The daily operational cost of DE C d
DE in (49) is directly re‐

lated to daily generation, operating time, and start-up time, 
as shown in (58). Since the dispatch model of annual hori‐
zon does not consider power details, the daily operational 
cost function of DE is simplified in (59).
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DE (ut
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DE )» aDE E d

DE + bDEud
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C. Daily Horizon: Day-ahead Power Dispatch

The daily horizon focuses on the day-ahead power dis‐
patch. Obviously, due to the uncertainty of RESs and load, 
there are errors between the estimated annual energy produc‐
tion and consumption data and the day-ahead forecast data. 
The utilization ratio of HES capacity that participates in the 
dispatch during a single day is very low. Therefore, the daily 
day-ahead power dispatch can make full use of the idle ca‐
pacity of HES to deal with the above errors. Equation (60) 
shows the errors between the estimated annual energy pro‐
duction and consumption data and the day-ahead forecast da‐
ta of WT, PV, and various loads.
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(60)

The end-of-day SOH that considers the forecast errors is 
calculated through the hydrogen energy transmission chain. 
The specific steps for the influence of forecast errors on the 
transmission chain of HES energy are represented by (61) -
(66). Equation (67) shows the value of SOH variation 
caused by estimation errors. The end-of-day SOH is calculat‐
ed by combining the initial SOH, year-ahead SOH plan, 
SOH variation, and SOH range limit, as shown in (68)-(70).
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Fig. 3.　Power and hydrogen flows of inter-day energy dispatch.
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The daily operational cost Cday in (71) is proposed. It 
should be noted that the total operational cost consists of the 
operational and maintenance costs for each module. In addi‐
tion, considering that the operation of energy storage directly 
affects the depreciation cost, we include the depreciation 
cost of energy storage. Other fixed investment costs are not 
included in the optimization objective. Equation (72) denotes 
the operational cost of BC CBC. The operational cost of DE 
CDE composed of maintenance cost, start-up cost, diesel cost, 
and environmental cost are defined in (73). Equation (74) de‐
fines the operational cost of RESs CRESs. Equation (75) de‐
notes the total payment for curtailing loads CLoad. Unlike oth‐
er devices, the operational cost of BES includes maintenance 
cost and depreciation cost, in which the energy throughput 
calculates the depreciation price. Equation (76) denotes the 
operational cost of BES CB. Equation (77) defines the opera‐
tional cost of ED CED. Similarly, the operational cost of 
HFC CHFC is related to the operating power through (78). 
Equation (79) defines the operational cost of HES CH.
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T

DtP t
PV +mO&M

WT ∑
t = 1

T

DtP t
WT (74)

CLoad =mcur
EL∑

t = 1

T

Dt(P t
DLcur +P t

ALcur )+mcur
HL∑

t = 1

T

DtGt
HLcur (75)

CB =∑
t = 1

T

(mO&M
B +mdep

B )Dt(P t
Bch +P t

Bdch ) (76)

CED = (mO&M
ED +mdep

ED )∑
t = 1

T

DtP t
ED (77)

CHFC = (mO&M
HFC +mdep

HFC )∑
t = 1

T

DtP t
HFC (78)

CH = (mO&M
H +mdep

H )∑
t = 1

T

Dt(Gt
Hch +Gt

Hdch ) (79)

A day-ahead power dispatch model is formulated to carry 
out the day-ahead power optimization of each module in the 
MG, which is given as:

ì
í
î

min Cday

s.t.  (1)-(48) (70) (72)-(79)
(80)

In summary, the inter-day energy dispatch model (49)-(57) 
is modeled as a mixed-integer linear programming (MILP) 
problem, which is usually solvable and can be solved using 
conventional solvers. After convexifying the AC/DC power 
flow model, the day-ahead power dispatch model shown in 
(80) becomes a mixed-integer second order cone program‐
ming (MISOCP) problem, and the solution to such a prob‐
lem is feasible in both theory and practice. From the perspec‐
tive of solving, these two types of problems can be solved 
by a solver to obtain the optimal solution. From the perspec‐
tive of optimization, the optimality of the decision-making 
scheme depends on the accuracy of the input data.

IV. CASE STUDIES 

The MATLAB 2021a with solvers of GUROBI 10.0.1 and 
GAMS Studio 37.1.0 with solvers of LINDO [39] are used 
to solve the MILP and MISOCP problems. All simulation 
analyses are performed on a computer with an Intel i7-9700 
CPU (3.00 GHz), 16 GB RAM, and Windows.

A. Simulation Setup

For case studies, an isolated electricity-hydrogen MG is 
considered, the topology of which is shown in Fig. 4. 
Based on the standard IEEE 33-node power system, an iso‐
lated electricity-hydrogen MG consisting of a 9-node DC 
subsystem, a 9-node AC subsystem, and a hydrogen subsys‐
tem is selected for case studies, where A1-A9 are nodes 1-
9 in the AC subsystem, D1-D9 are nodes 1-9 in the DC 
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subsystem, and H1 is node 1 in the hydrogen subsystem. 
The DE is deployed at A1. The WT is deployed at A9. In 
addition, the BES is deployed at D6. The PV is deployed 
at D7. The HES is deployed at H1. The BC is deployed be‐
tween A1 and D1. The ED and HFC are both deployed be‐
tween D2 and H1.

The time resolutions of Dd and Dt are set to be 1 day and 
1 hour, respectively. The annual horizon of inter-day energy 
dispatch is set to be 1 year (D = 365 days), and the daily ho‐
rizon of day-ahead power dispatch is set to be 1 day (T = 24 
hours). The original data sets of RES generation and electri‐
cal loads are derived from the historical electric data on the 
online website [40]. The hydrogen demand mainly refers to 
hydrogen-fueled vehicles, which exhibit similar daily con‐
sumption patterns to fossil-fueled vehicles, with minimal 
variation in demand [41].

To preserve the characteristics of the original data, the 
source data of 2019 are extracted and scaled. The daily pow‐
er outputs of WT (200 kW) and PV (1260 kW), daily AC 
load, and daily hydrogen load are shown in Supplementary 
Material A Fig. A1. These daily data are considered as the 
day-ahead forecast data of the isolated electricity-hydrogen 
MG. In addition, the annual energy curves of RESs and load 
demand are calculated with a time resolution of one day. 
The estimated data based on the least squares method are 
used as the year-ahead forecast data, as shown in Supplemen‐
tary Material A Fig. A2. Because each type of load is com‐
posed of critical and cuttable loads, the maximum cuttable 
loads are supposed to be one-third of the total loads.

The initial power of BC, ED, HFC, and DE is set to be 0. 
The initial SOC of BES is set to be 0.3, and the initial SOH 
of HES is set to be 0.6. The other system parameters of the 
isolated electricity-hydrogen MG are listed in Supplementary 
Material A Table AI.

To examine the effect of the proposed method on the de‐
carbonization of isolated electricity-hydrogen MG, three dif‐
ferent cases with the same load demand are considered, and 
their differences are listed in Table I, where high means dai‐
ly power outputs of WT and PV are 200 kW and 1260 kW, 

respectively; and super-high means daily power outputs of 
WT and PV are 200 kW and 1475 kW, respectively.

The daily evaluation indicators for the isolated electricity-
hydrogen MG are defined in Supplementary Material A (A1)-
(A3), including daily green power ratio Rannual

RESsG, daily RES 
utilization Rannual

RESsU, and daily demand coverage ratio Rdaily
LoadS. 

The seasonal evaluation indicators for the isolated electricity-
hydrogen MG are defined in Supplementary Material A (A4)-
(A6), including annual green power ratio Rannual

RESsG, annual 
RES utilization ratio Rannual

RESsU, and annual demand coverage ra‐
tio Rdaily

LoadS. The above evaluation indicators are used to quan‐
titatively compare the performance of three cases.

B. Optimal Results in Case 1

The penetration of RESs in case 1 is high, but the HES 
and HFC are not considered to be deployed in the isolated 
electricity-hydrogen MG. The day-ahead power dispatch per‐
formance is fully taken into account for the full 365 days of 
the year. The daily average optimization time is 19.172 s, 
the annual operating cost is $368780.55, the annual green 
power ratio is 68.23%, the annual RES utilization ratio is 
73.23%, and the annual demand coverage ratio is 98.41%.

The optimal results of day-ahead power dispatch on Janu‐
ary 1 in case 1 can be observed in Fig. 5. As can be ob‐
served from Fig. 5(a), the AC subsystem experiences a se‐
vere power shortage due to the highly intermittent WT gener‐
ation. The DE serves as the main power supply source on 
that day. Meanwhile, the BC needs to transfer part of the 
electricity generated by the DE to DC subsystem. As shown 
in Fig. 5(b) and (c), the partial hydrogen load curtailment is 
found due to RES power shortages and economic consider‐
ations. In addition, Fig. 5(b) indicates that the BES can help 
reduce load curtailment by electricity shifting. Figure 5(c) 
presents the hydrogen load, which is only supplied by the 
ED. In this case, the unidirectional hydrogen energy can also 
be regarded as a kind of electric load. For case 1 on January 
1, the total daily operational cost is $2070.25. The daily 
green power ratio, daily RES utilization, and daily demand 
coverage ratio are 20.20%, 100%, and 96.85%, respectively.

The optimal results in case 1 show that integrating a high 
penetration of RESs into isolated electricity-hydrogen MGs 
can increase the green power. However, RESs are intermit‐
tent power sources. The possibility of energy shortage still 
exists due to the seasonal nature of their outputs. Therefore, 
some controllable power generation sources (e. g., DEs) are 
required to ensure the reliable and economic operation of 
MG.

A1

A2

A3

A4

A5

A7

A6

A8

A9

D9

D8D3

D5

D4

D6

D7

D2

D1
H1

PV BES

WT

HES

DE

ED

HFC

BC

AC subsystem; DC subsystem; Hydrogen subsystem

Fig. 4.　Topology of isolated electricity-hydrogen MG.

TABLE I
DIFFERENCES AMONG THREE CASES

Case

1

2

3

RES
penetration

High

High

Super-high

BES

√
√
√

HES

×

√
√

HFC

×

√
√

Optimization method

Day-ahead power dispatch

Proposed method

Proposed method

Note: √ and × represent the corresponding device is considered and not con‐
sidered, respectively.
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C. Optimal Results in Case 2

Unlike case 1, the HES and HFC are considered for de‐
ployment in case 2. There is a two-way interaction between 
hydrogen and electricity. Therefore, the proposed method is 
also performed in this case.

The optimal results of inter-day energy dispatch in case 2 
are displayed in Fig. 6, and the optimization time is 11.868 
s. From the perspective of annual horizon, we can see that 
the energy supply of RESs and load demand also do not al‐
ways match exactly. As illustrated in Fig. 6(a) and (b), the 
PV energy is more abundant in the second and third quar‐
ters, while electric load demand is relatively low in these 
two seasons. Figure 6(a) indicates that DEs are needed in 
this case due to the insufficient penetration of RESs. From 
day 59 to day 300, some residual PV output is converted in‐
to hydrogen and primarily stored in the HES, as shown in 
Fig. 6(b) and (c). The stored hydrogen energy is released 
during winter and spring when the electricity supply is limit‐
ed. The HFC converts the hydrogen energy into electricity to 
participate in dispatch.

We perform the day-ahead power dispatch for 365 days to 
obtain the full-year performance. The simulation results 
show that the daily optimization time ranges from 0.486 s to 
553.973 s, with an average optimization time of 17.540 s. In 
terms of seasonal evaluation indicators for the isolated elec‐

tricity-hydrogen MG, the annual operating cost is 
$276690.24, the annual green power ratio is 84.67%, the an‐
nual RES utilization ratio is 99.23%, and the annual demand 
coverage ratio is 99.34%.

In particular, the day-ahead power dispatch on January 1 
is calculated. The optimal results of day-ahead power dis‐
patch in case 2 are shown in Fig. 7. Figure 7(a) shows the 
day-ahead power dispatch results of the AC subsystem. Com‐
pared with case 1, the DE still participates in power dis‐
patch, but its power generation has decreased. This is be‐
cause the HES releases hydrogen energy, and the HFC pro‐
vides electricity as a power source, as shown in Fig. 7(b) 
and (c). The total daily operational cost in case 2 is de‐
creased to $1667.39. The daily green power ratio, daily 
RESs utilization, and daily demand coverage ratio are 
23.61%, 100%, and 100%, respectively.

From the optimal results of case 2, we can see that the 
output of RESs also has distinct seasonal characteristics in 
addition to intraday power fluctuations. Integrating HESs 
and HFCs makes the isolated electricity-hydrogen MG 
change from a power system to an electricity-hydrogen cou‐
pling system. The interaction with the hydrogen subsystem 
can alleviate the seasonal mismatch created by integrating a 
high penetration of RESs. In addition, both dispatch econo‐
my and operational reliability are also improved in this 
case.
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D. Optimal Results in Case 3

To further show the potential of the isolated electricity-hy‐
drogen MG, the super-high penetration of RESs with 200 
kW WT power and 1475 kW PV power is considered.

The optimal results of inter-day energy dispatch in case 3 
are displayed in Fig. 8, and the optimization time is 3.228 s. 
Due to the isolated electricity-hydrogen MG deploying suffi‐
cient capacities of RESs and HES, one of the most apparent 
differences between case 2 and case 3 is that the DE does 
not need to participate in the annual scheduling plan. Due to 
the uncertainties, the isolated electricity-hydrogen MG still 
needs to deploy a DE to ensure the operational reliability.

To obtain the full-year dispatch performance of case 3, we 
perform the day-ahead power dispatch of case 3 for 365 
days. The daily optimization time range is from 0.427 s to 
61.003 s with an average of 3.604 s. The seasonal evaluation 
indicators for the isolated electricity-hydrogen MG in case 3 
are as follows: the annual operating cost is $240690.18, the 
annual green power ratio is 91.11%, the annual RESs utiliza‐
tion ratio is 98.54%, and the annual demand coverage ratio 
is 99.38%. This means that the seasonal mismatches associat‐
ed with ultra-high penetration of RESs can be effectively ad‐
dressed by utilizing hybrid electric-hydrogen energy storage. 
In particular, the optimal results of daily day-ahead power 
dispatch on January 1 in case 3 are shown in Fig. 9.
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Table II lists the daily evaluation indicators of the day-
ahead power dispatch on January 1 for three cases. We can 
find that the total daily operational cost of the isolated elec‐
tricity-hydrogen MG in case 3 drops drastically. 

This is attributed to the significant increase in the green 
power ratio of case 3, and the outputs of renewable energy 
generation and hybrid battery-hydrogen energy storage meet 
the load demand on January 1. Thus, the use of DE is signif‐
icantly reduced in case 3. Considering four cost factors, the 
operational cost of DE is expensive (in case 3, the cost of 
DE running at rated power is 0.3701 $/h), resulting in a sub‐
stantial reduction in the costs. It is worth noting that the dai‐
ly evaluation indicators given here are calculated based on 
the results of the specified dates, which vary considerably 
from day to day.

Table III lists the seasonal evaluation indicators of isolat‐
ed electricity-hydrogen MG. We can find that the annual op‐
erational cost of the isolated electricity-hydrogen MG drops 
significantly from case 1 to case 3.

The obtained results show that the isolated electricity-hy‐
drogen MG and the proposed method are effective for the 
dispatch of isolated electricity-hydrogen MGs with super-
high penetration of RESs. The green power ratio, RES utili‐
zation ratio, and demand coverage ratio are all improved 
with the implementation of the proposed method.

V. CONCLUSION 

An effective way to solve the decarbonization problem of 
isolated electricity-hydrogen MGs is to increase the penetra‐
tion of RESs. This paper presents an isolated electricity-hy‐
drogen MG with AC subsystem, DC subsystem, and hydro‐
gen subsystem. A specific hierarchical coordination optimiza‐
tion method is developed for the efficient operation of MG. 
An annual horizon is formulated as an inter-day energy dis‐
patching model that aims to address seasonal energy mis‐
matches. Considering the deviations between the estimated 
annual energy production and consumption data and the day-
ahead forecast data, a hydrogen energy transmission chain is 

utilized to correct the end-of-day SOH. The day-ahead pow‐
er dispatch is introduced to ensure the continuous power bal‐
ance and economic operation of MG. Three cases with differ‐
ent penetrations of RES and different energy storage configu‐
rations are considered to prove the effectiveness of the pro‐
posed method. Simulation results show that the proposed 
method takes full advantage of hybrid battery-hydrogen ener‐
gy storage to enable the energy saving and emission reduc‐
tion of MG, reducing its dependence on DEs. It not only en‐
sures the safe and economic operation of isolated electricity-
hydrogen MGs with high penetration of RESs, but also regu‐
lates the current seasonal mismatch problem.

Further research on the forecast of energy production and 
consumption on long-time scales is planned. It is also worth 
conducting an in-depth study of the uncertainty of renewable 
energy output and load to maintain the safe operation of the 
MG. Meanwhile, the future work can also be extended to 
consider shorter time horizons to reduce the impact of day-
ahead forecast errors.
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