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SYSTEM, METHOD, AND APPARATUS FOR CAPACITY DETERMINATION

FOR MICRO GRID, AND TANGIBLE COMPUTER READABLE MEDIUM

TECHNICAL FIELD

[0001] Embodiments of the present disclosure relate to the field of power

grid technology and more particularly to a system, method, and apparatus for capacity

determination in a micro grid, and a tangible computer readable medium.

BACKGROUND

[0002] Various industries have networks associated with them. One such

industry is the utility industry that manages a power grid. The power grid may include

one or all of the following: electricity generation, electric power transmission, and

electricity distribution. Electricity may be generated using generating stations, such as a

coal fire power plant, a nuclear power plant, etc. For efficiency purposes, the generated

electrical power is stepped up to a very high voltage (such as, for example, 345K Volts)

and transmitted over transmission lines. The transmission lines may transmit the power

long distances, such as across state lines or across international boundaries, until it

reaches its wholesale customer, which may be a company that owns the local

distribution network. The transmission lines may terminate at a transmission substation,

which may step down the very high voltage to an intermediate voltage (such as, for ex

ample, 138K Volts). From a transmission substation, smaller transmission lines (such as,

for example, sub-transmission lines) transmit the intermediate voltage to distribution

substations. At the distribution substations, the intermediate voltage may be again

stepped down to a "medium voltage" (such as, for example, from 4K Volts to 23K Volts).

One or more feeder circuits may emanate from the distribution substations. For

example, four to tens of feeder circuits may emanate from the distribution substation.

The feeder circuit is a 3-phase circuit comprising 4 wires (three wires for each of the 3

phases and one wire for neutral). Feeder circuits may be routed either above ground

(on poles) or underground. The voltage on the feeder circuits may be tapped off

periodically using distribution transformers, which step down the voltage from "medium

voltage" to the consumer voltage (such as, for example, 120V). The consumer voltage



may then be used by the consumers.

[0003] To meet customers' demands on multi-type energy locally, distributed

generation (DG) and smart grid has been developed. With their increasingly

development, a micro grid (MG) is playing a more and more important role in DG

penetration handling, utilization of renewable energy and emission mitigation. The MG

could further provide both heating energy and cooling energy to the customers with

higher energy utilization efficiency. Therefore, more and more MG projects are under

planning and construction. In a power grid including the MG, the equipment utilization

and device cost are highly dependent on device capacity determination. Therefore, it is

very important to determine suitable capacity for the MG so that the equipment can be

utilized efficiently and at the same time, the customer's energy demands can be met.

[0004] However, in the prior art, there is no such a capacity determination

approach specifically for the MG. Besides, capacity determination approaches for the

traditional bulk power grid cannot be used for the MG because, quite different from the

traditional bulk power grid, the MG includes multi-type energy source devices, which

can supply a plurality of energies, such as the electricity, the heating energy and the

cooling energy.

[0005] Thus, in the art, there is a need for an optimal capacity determination

approach for the MG.

SUMMARY OF THE DISCLOSURE

[0006] According to an aspect of the present disclosure, there is provided a

system for capacity determination for a micro grid. The micro grid may comprise

multi-type energy supply devices to provide both electricity and thermal energy. The

system may comprise: at least one processor; and at least one memory storing computer

executable instructions. The at least one memory and the computer executable

instructions may be configured to, with the at least one processor, cause the system to:

perform, a device capacity determination process for minimizing both annual integrated

cost for the micro grid and annual energy outage cost, under constraints on electricity

supply/demand balance and thermal energy supply/demand balance, and operation

constraints on the multi-type energy supply devices, to determine respective numbers or

capacities of the multi-type energy supply devices.



[0007] According to another aspect of the present disclosure, there is

provided a method for capacity determination for a micro grid. The micro grid

comprises multi-type energy supply devices to provide both electricity and thermal

energy. The method may comprise: performing, a device capacity determination process

for minimizing both annual integrated cost for the micro grid and annual energy outage

cost, under constraints on electricity supply/demand balance and thermal energy

supply/demand balance, and operation constraints on the multi-type energy supply

devices, to determine respective numbers or capacities of the multi-type energy supply

devices.

[0008] According to a further aspect of the present disclosure, there is

provided an apparatus for capacity determination for a micro grid, wherein the micro

grid comprises multi-type energy supply devices to provide both electricity and thermal

energy. The apparatus comprising: means for performing, a device capacity

determination process for minimizing both annual integrated cost for the micro grid and

annual energy outage cost, under constraints on electricity supply/demand balance and

thermal energy supply/demand balance, and operation constraints on the multi-type

energy supply devices, to determine respective numbers or capacities of the multi-type

energy supply device.

[0009] According to a yet further aspect of the present disclosure, there is

provided another apparatus for integrated multi-energy scheduling in a micro-grid. The

micro grid comprises multi-type energy supply devices to provide both electricity and

thermal energy. The apparatus may comprise: a process performing module configured

to perform, a device capacity determination process for minimizing both annual

integrated cost for the micro grid and annual energy outage cost, under constraints on

electricity supply/demand balance and thermal energy supply/demand balance, and

operation constraints on the multi-type energy supply devices, to determine respective

numbers or capacities of the multi-type energy supply device.

[0010] According to a still yet further aspect of the present disclosure, there

is provided a tangible computer-readable medium having a plurality of instructions

executable by a processor to schedule multi-energy in a micro grid. The tangible

computer-readable medium may comprise instructions configured to perform steps of

the method according to the aspect of present disclosure.



[0011] Embodiments of the present disclosure provide a capacity

determination solution for the micro grid with multi-type energy supply devices, which

will perform a capacity determination process which considers both annual integrated

cost and the operation reliability. Thus, with embodiments of the present disclosure, it

may achieve a great cost saving and at the same time the operation reliability can be

guaranteed.

[0012] Additionally, in some embodiments of the present disclosure, an

optimal energy scheduling process may be pre-performed by determining operation

priorities of the multi-type energy supply devices and an operation mode of the CCHP

unit at each time interval in a scheduling period. In such a way, it could greatly facilitate

the result searching of optimal solutions of the device capacity determination process.

[0013] Besides, in further embodiments of the present disclosure, the

integrated multi-energy scheduling process may be performed by means of Multi-

Objective Particle Swarm Optimization (MOPSO) algorithm and thus it provides one of

feasible approaches to find feasible optimal solution sets of the device capacity

determination process. That is to say, the capacity determination solution of the present

disclosure could provide a more feasible capacity determination results for the multi-

type energy supplies in the micro grid.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The above and other features of the present disclosure will become

more apparent through detailed explanation on the embodiments as illustrated in the

embodiments with reference to the accompanying drawings wherein like reference

numbers represent same or similar components throughout the accompanying drawings

of the present disclosure, wherein:

[0015] Fig. 1 schematically illustrates an exemplary architecture of a micro

grid in which embodiments of the present disclosure may be implemented;

[0016] Fig. 2 schematically illustrates a flow chart of a method for capacity

determination for a micro grid according to an example embodiment of the present

disclosure;

[0017] Fig. 3 schematically illustrates a flow chart of heat & electricity

(H&E) coordinated daily schedule (HECDS) process according to an example



embodiment of the present disclosure;

[0018] Fig. 4 schematically illustrates a flow chart of cooling & electricity

(C&E) coordinated daily schedule (CECDS) process according to an example

embodiment of the present disclosure;

[0019] Fig. 5 schematically illustrates a flow chart of the CECDS in micro

grid-connected mode according to an example embodiment of the present disclosure;

[0020] Fig. 6 schematically illustrates a flow chart of the CECDS in micro

grid planned island mode according to an example embodiment of the present

disclosure;

[0021] Fig. 7A to 7C schematically illustrate flow charts of the CECDS in

micro grid unplanned island mode according to an example embodiment of the present

disclosure;

[0022] Fig. 8 schematically illustrates a flow chart of a method for

performing the capacity determination process for a micro grid according to an example

embodiment of the present disclosure;

[0023] Figs. 9A and 9B schematically illustrate diagrams of example thermal

and electricity demands in each hour of a year used in a case simulation;

[0024] Fig. 9C schematically illustrates capacity determination results

between a traditional capacity determination solution and the capacity determination

solution according to an embodiment of the present disclosure;

[0025] Fig. 10 schematically illustrates a block diagram of a system for

capacity determination for a micro grid according to an example embodiment of the

present disclosure;

[0026] Fig. 11 schematically illustrates a block diagram of an apparatus for

capacity determination for a micro grid according to an example embodiment of the

present disclosure;

[0027] Fig. 1 schematically illustrates a block diagram of an apparatus for

capacity determination for a micro grid according to another example embodiment of

the present disclosure; and

[0028] Fig. 13 schematically illustrates a general computer system,

programmable to be a specific computer system, which may represent any of the

computing devices referenced herein.



DETAILED DESCRIPTION OF EMBODIMENTS

[0029] Hereinafter, embodiments of the present disclosure will be described

with reference to the accompanying drawings. In the following description, numerous

specific details are set forth in order to provide a thorough understanding of the

embodiments. However, it is apparent to the skilled in the art that implementation of

the present disclosure may not have these details and the present disclosure is not

limited to the particular embodiments as introduced herein. On the contrary, any

arbitrary combination of the following features and elements may be considered to

implement and practice the present disclosure, regardless of whether they involve

different embodiments. Thus, the following aspects, features and embodiments are only

for illustrative purposes, and should not be understood as elements or limitations of the

appended claims, unless otherwise explicitly specified in the claims. Additionally, in

some instances, well known methods and structures have not been described in detail so

as not to unnecessarily obscure the embodiments of the present disclosure.

[0030] Next, for a purpose of illustration, an example micro grid will be

described first so that the skilled in the art can better understood embodiments of the

present disclosure.

[0031] As is known, the micro grid was a concept proposed as a new-type

network topology under a circumstance that great efforts have been made to develop

renewable and clean distributed generators (DGs) in order to achieve energy saving and

emission reduction. The micro grid may be viewed as a cluster of renewable and clean

DGs, such as photovoltaic (PV) panels, wind turbines (WTs) and Combined Cooling

Heating and Power (CCHP) units, etc., to satisfy the customers' multi-type energy

demands locally. Compared to a macro-grid, the micro grid is a small scale energy

supplying system that is autonomous and capable of being self-controlled, protected,

and managed. In practice, the micro grid could be either connected to the power grid or

operated as a standalone power system to provide electric energy and/or heat or cooling

energy to the end customers within the micro grid. Moreover, when the micro grid is

connected to a bulk power grid (i.e., the macro-grid), it could provide the electricity

back to/obtain the electricity from the bulk power grid as well.

[0032] Hereinafter, reference will be first made to Fig. 1 to describe an



exemplary architecture of the micro grid for which embodiments of the present

disclosure may be implemented. However, it should be appreciated, this architecture is

presented only for a purpose of illustration, and the present disclosure may be also

implemented in a different architecture.

[0033] As illustrated in Fig. 1, the micro grid system 100 may be connected

with a macro grid 300 (also may be referred to as a bulk power grid, a big power grid

and so on) via a substation 200. In Fig. 1, the micro grid system 100 integrates different

types of renewable energy sources (such as a wind power generator 110, a PV solar

generator 120 etc., a CCHP unit 170 and an ice storage air-conditioner 180) together.

The micro grid system 100 may further include an energy storage such as battery

storage 130, various loads such as loads 140, an ordinary cooling energy supply such as

air-conditioner 150, and ordinary heating energy supply such as fuel gas boiler 160.

Each of loads 140 may be an electric load, a cold load or a heat load or any combination

thereof. Within the micro grid system 100, the wind turbine 110 and the PV solar

generator 120 will provide electricity energy; the CCHP unit 170 uses fuel gas(such as

natural gas) as primary energy to provide the electricity, and at the same time, its

generated heat energy during the electricity generating process could be collected and

utilized to provide the cooling or heating energy, which depends on operation mode of

the CCHP unit; the ice-storage air-conditioners 180 could behave either as an electricity

load or as both electricity load and a cooling energy generator at the same time. Thus,

for the micro grid, its electricity supply/demand balance and the cooling energy

supply/demand balance or the heating energy supply/demand balance are coupled with

each other due to working mode variations of CCHP unit and the ice-storage air

conditioner. In the micro grid, the electricity could be supplied by electricity supply

sources such as the wind power generator 110, the PV solar generator 120, the CCHP

unit 170, the battery storage 130, and the macro grid 300; the cooling energy could be

provided by ordinary air conditioners 150, the CCHP unitl70 and the ice-storage air-

conditioner 180; the heating energy could be supplied by the fuel gas boiler 160 and the

CCHP unit 170.

[0034] Thus, it can be seen that in the micro grid, the micro grid includes

multi-type energy source devices (such as the wind power generator 110, the PV solar

generator 120, the CCHP units 170, and the ice storage air-conditioner 180) which can



supply both the electricity and the thermal energy. Herein the wording "thermal

energy" is a general term of energy relating heating or cooling and in embodiments of

the present disclosure, it may refer to the heating energy, the cooling energy or the

combination thereof. Moreover, it may also be seen that some operations of these

devices are usually coupled with each other and multi-energy coupled scheduling

operations are preferable in the micro grid, which has an important effect on achieving

the micro grid's higher operation efficiency. Besides, the micro-grid may operate in

different operation modes, including the grid-connected node, the planned island mode

and the unplanned island mode. All of factors will have different impacts to the MG

capacity determination.

[0035] In view of this, an optimal capacity determination method for the

micro grid is proposed to deal with the MG capacity determination issues in the art,

which is to determine device capacities for all multi-type energy supply devices in the

micro grid in an optimal way.

[0036] Hereinafter, reference will be made to Fig. 2 to describe a method for

capacity determination for a micro grid. The micro grid comprises multi-type energy

supply devices to provide both electricity and thermal energy. For example, the multi-

type energy supply devices may comprise a renewable energy supply device, a battery

storage, an ice-storage air-conditioner, a combined cooling, heating and power CCHP

unit, an ordinary air-conditioning device, and an ordinary heating supply device, for

example those illustrated in Fig.l. However, it should be noted that some of these

energy supply device may omitted or some new energy supply device may be further

incorporated, which is dependent on specific application requirements.

[0037] As illustrated in Fig. 2, first at step S201, energy demands and

parameter limits may be obtained, for example by a processor. In an embodiment of the

present disclosure, the optimal capacity determination process may be performed for a

one-year period and thus the energy demands for the whole year may be first obtained.

The optimal capacity determination process may be performed on a basis of a

predetermined time interval within one year, for example, one hour, and in such a case,

the energy demands may include demand data for each hour in the one year. The

energy demands may comprise the electricity demand and the thermal demand. The

thermal demand may further comprise the heating demand and/or the cooling demand.



For example, for some areas where it is cold through the year, there may be no any

cooling demand, while some areas where it is hot all year around, there may be no any

heating demand. For some other areas where there are both a hot season and a cold

season, the thermal demand can include the heating demand and the cooling demand.

Besides, it may set some limits to parameters, particularly limits to device capacities to

be determined. For example, parameter limits may include limits to respective numbers

or energy supply capacities of at least some of the multi-type energy supply devices.

For example, the number of CCHP units, PV panels, wind turbines, rated power of the

ice-storage air-conditioner, the ordinary heating energy supply device such as natural

gas boilers. However, it may be appreciated that these parameter limits are set

dependent specific application requirements and in some application, it is possible to

use more or less limits or even omit these parameters limits.

[0038] Next, at step S202 a device capacity determination process for

minimizing both annual integrated cost for the micro grid and annual energy outage cost

is performed under constraints on electricity supply/demand balance and thermal energy

supply/demand balance, and operation constraints on the multi-type energy supply

devices, so as to determine respective numbers or energy supply capacities of the multi-

type energy supply devices.

[0039] In an embodiment of the present disclosure, the annual integrated

cost for the micro grid may comprise annual device investment cost, annual device

operation cost, annual device maintenance cost and annual pollutant treatment cost,

while the annual energy outage cost may comprise cost for electricity outage and cost

for thermal energy outage. However, it can be appreciated that these are only presented

for illustration purpose and in practice, and it is possible to uses more types of costs for

the annual integrated cost and/or the annual energy outage cost, or omit some costs

therefrom, which is dependent on specific application requirements.

[0040] Hereinafter, only for a purpose of illustration, an example capacity

determination optimization model will be described. However, those skilled in the arts

should appreciate that the present disclosure is not limited thereto, and it is also feasible

to use any other suitable capacity determination optimization model.

Capacity Determination Optimization Model for the MG



[0041] In the MG construction, the important thing is to determine capacity

of the multi-type energy supply devices in the MG with the aim of meeting the energy

demands and at the same time minimizing costs. As mentioned before, in the MG,

there are various energy supply devices, such as PV panels, wind turbines, ordinary air-

conditioners, ice-storage air-conditioners, CCHP units, and natural gas boilers. Thus, the

task of the capacity determination optimization process is to determine optimal numbers

of CCHP units, PV panels cluster, and wind turbines, and rated power of ordinary air-

conditioners, ice-storage air-conditioners and natural gas boilers, and the cooling energy

capacity of ice-storage tank. In the example capacity determination model, these target

parameters may be denoted by N
CCHP

, Npv , N W , Q
Ain y

, Q
i e

, ?
b il

, respectively.

[0042] The ordinary air-conditioners are equipped to supply the cooling

demand in valley time, and thus rated power of the ordinary air-conditioner
o i

an

be derived by the maximum cooling demand at that time. The variable , i.e., the

cooling energy capacity of ice-storage tank may be decided by the maximum daily

cooling energy supplied by ice-melting. The maximum daily cooling energy supplied

by ice-melting can be obtained according to the scheduling results from an optimal MG

operation strategy, which will be described hereinafter.

[0043] In an embodiment of the present disclosure, there can be provided

two optimization objectives, one of which is a MG cost objective and the other of which

is a MG reliability objective. The MG cost objective is to minimize the total annual

integrated cost, while the MG reliability objective is to minimize the energy outage cost

so as to ensure the reliability of the MG.

[0044] In an embodiment of the present disclosure, the total annual

integrated cost may include annual device investment cost, annual device operation cost

(including, for example, cost of buying natural gas for the natural gas boilers and the

CCHP units, cost of buying electricity from the macro grid, etc.), annual device

maintenance cost and annual pollutant treatment cost In an example embodiment of the

present disclosure, the first optimization objective may be expressed as follows:

min f = C, + CN G + C
Ex E + Cemiss + C0&M

wherein

C\ denotes total annualized investment cost of all energy source devices;



CN G denotes annual cost of buying natural gas for operations of the natural gas boilers

and the CCHP units;

E
C1_E denotes annual cost of buying the electricity from the macro grid;

emiss denotes the annual pollutant emission treatment cost; and

CO&M denotes the annual cost of operation dependent maintenance.

[0045] The above-mentioned cost can be calculated in many different

manners, but hereinafter, exemplary calculations thereof are provided only for a purpose

of illustration.

[0046] Specifically, the total annual device investment costs C\ can be

calculated as:

r(l + r )N
C = , \ N

'— (
v
C

_CCHP
+ Ĉ

I_PV
+ C

I_WT
+ C

boiler
+ C

ice
+ C

ordinary
(1 + r ) - 1 (2)

wherein r denotes annualized real interest cost; N denotes use life of the micro grid;

r(l+r) N/((l+r) N-l) denotes the capital recovery factor for calculating the present value of

an annuity; C\ CCHP denotes investment cost of the CCHP units; _pv denotes

investment cost of the P V panels; T denotes investment cost of wind turbines,

Q_boiier denotes investment cost of the natural gas boiler c denotes investment cost

of the ice-storage air-conditioner; and oridinary denotes investment cost of ordinary air-

conditioners; and wherein, the investment cost of the CCHP units can b e expressed as:

Γ
I CCHP

= c
I CCHP

x N
CCHP

wherein H denotes investment cost for a single CCHP unit and N CCHP denotes the

number of the CCHP units.

[0047] investment cost of the CCHP units G can b e expressed as:

wherein _G denotes the price for natural gas, t is the index of the hour within one

year; J ccHp(t) denotes the power of the CCHP units in the t-th hour; ?/CCHP denotes the

efficiency of the CCHP units; i¾oiiei-( t) denotes power of the natural gas boiler in the t-th

hour; toiler denotes the efficiency of the natural gas boiler; LHV denotes the lower heat

valve of the natural gas;

[0048] The annual cost of buying the electricity from the macro grid



E ch E n ay be determined as

wherein t is the index of the hour within one year; r ¾t denotes the price for electricity

in the t-th hour; and c _E(t) denotes the amount of the electricity exchanged in the t-

th hour.

[0049] The annual pollutant emission treatment cost e m iSs may be

determined as

= Penalty

+Penaltys

8760

+Penalty
O

x P Emis NOx +P E(t)xEmiss
MG

+Q xE i
NOx

)
1=1

(6)

wherein Penalty co2, Penalty so2, and Penaltymx respectively denotes penalties of C0 2

emission, S0 2 emission and ΝΟχ emission per unit; PccHp(t) denotes the power of the

CCHP units in the t-th hour; Χ _Ε( denotes amount of the electricity exchanged in

the t-th hour; (¾oiier (t) denotes power of the natural gas boiler in the t-th hour;

EmissccHP_co2, EmissccHP_so2, Emisscc denotes C0 2 Emission, S0 2 emission, and

ΝΟχ emission of the CCHP units per unit power, respectively; EmissuG_co2,

Emissu G , 2, EmissMG_ , denotes C0 2 Emission, S0 2 emission, and ΝΟχ emission of

the micro grid per unit power, respectively; E w o ie C02, Emiss oi i x

denotes C0 2 Emission, S0 2 emission, and ΝΟχ emission of the natural gas boiler per

unit power, respectively.

[0050] The annual cost of operation dependent maintenance CO&M , can be

expressed as

8760 8760 8760

)&M o&M_ccHP CCHP ( 0 o&M_pv ^PV ( 0 M_w w ( 0

( 0

(7)



wherein ¾ >& Μ_ <ΧΗΡ O&M_PV, £O&M_WT o&M_air_c, <¾&M_ice a d co&M boiier respectively

denotes unit cost for CCHP operation related maintenance, PV panel operation related

maintenance, wind turbines operation related maintenance, air conditioner operation

related maintenance, ice-making operation related maintenance, boiler operation related

maintenance; t is the index of the hour within one year; cc Hp( ) denotes the output

power by the CCHP units in the t-th hour; pv(t) denotes the output power from solar

power generators in the t-th hour; iVr(t) denotes the output power from wind power

generators in the t-th hour; O e_air( denotes cooling power output by the ice-storage air

conditioner in the t-th hou ; n Ormai air( denotes cooling power output by the normal air

conditioner during in the t-th hour; η denotes the efficiency of the ice-making of the

ice-storage air-conditioner; ic emak ng( ) denotes cooling power output during the ice-

making of the ice-storage air-conditioner; and 2boiier ( ) denotes heat power output by

the natural gas boiler in the t-th hour.

[0051] The second MG reliability objective, which is to minimize the energy

outage cost, can also be formulated in many manners; however only for a purpose of

illustration, an exemplary objective will be given as follows:

Wherein

t is the index of the hour within one year;

m denotes the class of unsatisfied electricity loads, wherein =l , 2, 3, 4 and

respectively represents four classes of electricity load, i.e. 1) extremely important, 2)

important, 3) disptachable within the day, and 4) cuttable;

am denotes the penalty for failing satisfying the electricity loads of class m;

Pm t ) denotes unsatisfied electricity of class m ,

n denotes the class of unsatisfied thermal (cooling or heat) loads, wherein «=1, 2 and

respectively represents two classes of thermal loads, i.e. 1) important and 2) cuttable;

Qn cut ( 0 denotes unsatisfied thermal (cooling or heat) loads of class n,

βη denotes the penalty for failing satisfying the thermal loads of class n;

kW P is the ratio of GDP to electric energy generation of a year at the location of the MG.

[0052] In the above capacity determination optimization problem, the period



to be considered may be, for example, one year, i.e., 365 days, and the time granularity

or time interval may be one hour. However, the skilled in the art should appreciate that

the present disclosure is not limited thereto, it may also use any shorter or longer

suitable time period and the time interval, such as half hour, 2 hours, and etc.

[0053] Next, constraints for the optimal capacity determination model will

be described.

[0054] In an embodiment of the present disclosure, the constraints may

comprise constraints on electricity supply/demand balance and thermal energy

supply/demand balance, and operation constraints on the multi-type energy supply

devices.

[0055] The constraint on thermal energy supply/demand balance may

further include a constraint on the cooling energy supply/demand balance and a

constraint on the heating energy supply/demand balance. Besides, in the micro grid,

there are the CCHP unit and the ice-storage air-conditioner. All these devices have their

own operation constraints. Thus, in the optimal capacity determination model, the

operation constraints on the multi-type energy supply devices comprise operation

constrains on the CCHP unit and the ice-storage air-conditioner. The operation

constraint on the CCHP unit may include for example, at least one of: an electricity

output efficiency model for the CCHP unit; an electricity output and cooling output

relationship model for the CCHP unit; and relationship between consumed gas volume

and the electricity output and the electricity output efficiency of the CCHP unit.

Furthermore, as is well known, the ice-storage air-condition can work in different

modes and thus its operation constraints may include at least one of an operation model

of the ice-storage air-conditioner in air-conditioning mode, an operation model of the

ice-storage air-conditioner in ice-making mode, an operation model of the ice-storage

air-conditioner in ice-melting mode, an operation model of the ice-storage air-

conditioner in ice-melting & air-conditioning mode, and an operation model of ice-

storage tank of the ice-storage air-conditioner.

[0056] In addition, the optimal capacity determination may further

comprise additional constraints. For example, to ensure the utilization efficiency of the

renewable energy devices, the constraints may further include annual utilization limit of

renewable energy; annual discard limit of the renewable energy. Further, the constraints



may also include upper and/or lower limits for the respective numbers or energy supply

capacity of the multi-type energy supply devices. Moreover, it may further limit the

electricity exchanged between the micro grid and the macro grid which the micro-grid

can be connected.

[0057] In the following text, only for a purpose of illustration, exemplary

constraints for the capacity determination optimization model are listed as follows:

1) Electricity Supply/Demand Balance

[0058] The Electricity Supply/Demand Balance requirement can be

expressed by the following equation:

E ch E

m

(9)

wherein

PExch_E(t) denotes the exchanged power between micro grid and the macro-grid in the t-

th hour;

Ppv(t) denotes the output electricity from solar power generators in the t-th hour;

Pwr(t) denotes the output electricity from wind power generators in the t-th hour;

(t) denotes the output electricity by the CCHP units in the t-th hour;

Pbattery(t) denotes the electricity provided by the storage battery in the t-th hour;

P i denotes the electric load or the electricity demand in the t-th hour;

- out(t) and -Pin(t) denote the electricity the shift-in and shift-out dispatchable electricity

load determined based on the load shifting strategies in the t-th hour and wherein P 0 t(t)

= 0 if P i (t)> and (t) = 0 if P (t) >0;

-Pice_air_c(t) denotes the electricity consumed by the ice-storage air conditioner during

providing thermal energy in the t-th hour;

-Pnomiai_air_c(t) denotes the electricity consumed by the normal air conditioner in the t-th

hour;

P icemaking(t) denotes the electricity consumed by the ice-storage air conditioner during ice

making in the t-th hour;

.Picemeiting(t) denotes the electricity consumed by the ice-storage air conditioner during

ice melting in the t-th hour; and



Pm cut
{t) denotes the unsatisfied electricity of class m as described hereinabove.

2) Thermal energy supply/demand balance:

[0059] The thermal energy supply/demand balance may include the cooling

energy supply/demand balance and the heating energy supply/demand balance, which

can be respectively expressed by:

+ o e Σ „,c * = 1, · ·· ,8760 ( 10 )

wherein

2ccHP_H (t) denotes heat power output by the CCHP units in the t-th hour;

_2boiier(t) denotes heat power output by the natural gas boiler in the t-th hour;

L_H X denotes heat power demand in the t-th hour;

,cut (t) denotes unsatisfied heat power of class m in the t-th hour;

OxcHP_c (t) denotes cooling power output by the CCHP units in the t-th hour;

£?ice_air_c(t) denotes cooling power output by the ice-storage air conditioner in the t-th

hour;

_air_c(t) denotes cooling power output by the normal air conditioner during in the

t-th hour;

Sicemeiting (t) denotes cooling power output during the ice-melting of the ice-storage air

conditioner in the t-th hour;

L_c (t) denotes cooling power demand in the t-th hour;

(t) denotes unsatisfied cooling power of class n in the t-th hour.

3) Micro grid components operational constraints

[0060] Operational constraints on the multi-type energy supply devices may

include:

■ Operation constraints for the CCHP units, such as those given in the following .

equations (25 to 33).

■ Operation constraints for the ice-storage air-conditioner, such as those given in

the following equations (34) to (48).

These two constraints will be described hereinafter and thus will be elaborated herein.



4) Micro grid operation constraints

■ Renewable energy utilization constraint

[0061] In order to ensure the renewable energy has an acceptable utilization

ratio, the yearly renewable energy utilization ratio may be constrained to be higher than

a predetermined threshold. The ratio of yearly renewable energy utilization to the total

electric demand may be expressed by

8760

wherein

Ppv(t) denotes the output electricity from solar power generators in the t-th hour;

Ρ ντ( ) denotes the output electricity from wind power generators in the t-th hour;

P (t) denotes the electric load or the electricity demand in the t-th hour;

[0062] Thus, the renewable energy utilization constraint can be expressed as

> L
RN Uti

(13)

Wherein _ ti is the threshold for renewable energy utilization ratio, which may be for

example 0.3.

■ Renewable energy discard constraint

[0063] On the other hand, to ensure the sufficient utilization of the generated

renewable energy, yearly renewable energy discard ratio should be limited. The ratio of

yearly discarded renewable energy to the total available renewable energy may be

expressed by

C Renew = 1—
8760

Σ ^Avail_PV (0 + -^Avail_WT (0
=\



Ppv(t) denotes the output electricity from solar power generators in the t-th hour;

P WT ) denotes the output electricity from wind power generators in the t-th hour;

PAvaii _pv (t) denotes the available electricity from solar power generators in the t-th hour;

P Avaii_w (t) denotes the available electricity from wind power generators in the t-th hour;

[0064] Thus, the renewable energy discard constraint may be expressed by

_ 8760 ' < = L RN Disc ( )

Σ -^Avail PV (0 + "^Avail WT (0
t=i

wherein N S is the threshold for renewable energy discard constraint, which may be

for example 1%.

5) Variable or parameter constraints

Variable or parameter constraints which can be used in the present disclosure include

those limits for N C P >N N
which may b e expressed y

-^CCHP_min — CCH — "^CCHP max (15)

- T min ~ — T m (17)

air min ~ Qice ~ Qice air max (18)

Pmin Exch max ^Exch E (0 = " Exch max (20)

[0065] It should be appreciated that, although the specific constraints for the

example capacity determination optimization model have been described, the present

disclosure is not limited thereto. Actually, from the teaching provided therein, the

skilled in the art may conceive many other modifications, for example, modifying some

of the constraints; omitting some of the constraints and adding some new constraints

without departing from the spirit of the present disclosure.

[0066] In addition, as mentioned hereinabove, the micro grid includes multi-

type energy supply devices and these energy supply devices should comply with their



own physical and operational constraints, especially for the CCHP units and the ice-

storage air-conditioner. Hereinafter, exemplary models for the CCHP unit and the ice-

storage air-conditioner will be given only for a purpose of illustration.

Micro grid Components Modeling

I. CCHP unit modeling

[0067] Hereinafter, for a purpose of illustration, micro-turbine Capstone

C200, which is known in the art, will be taken as an example CCHP unit contained in

the micro grid, to explain embodiments of the present disclosure.

1-1. Electricity output efficiency modeling

[0068] Generally, the electricity out efficiency of a CCHP unit is function of

the electricity output of the CCHP unit, and thus the electricity output efficiency of the

CCHP unit may be simply expressed as follows:

wherein, EcHp(t) denotes the CCHP unit's electricity output efficiency at given time t;

and PcHp(t) is CCHP unit's electricity output at given time t .

[0069] Additionally, in the manufacturer's documents, there is usually given

the nominal output power under a standard working condition (named ISO

condition) and full-load state. However, the CCHP output will vary as the ambient

elevation H and temperature T change, which means its performance under non-ISO

conditions and partial-load state should be taken into account as well if it is desired to

determine the electricity output efficiency more accurately.

[0070] In C200 documents, there are provided many parameters or

measurements which may be used for the electricity output modeling. Based on these

parameters or measurements, the following models may be established one by one:

• Influence of the ambient elevation H and temperature T on the maximum output

power . In the C200 documents, there are provided a plurality of measurements

at different ambient elevation H and different temperature T, based on these

measurements, it may determine a specific relationship between the maximum output

power and the ambient elevation H and temperature T by, for example, piecewise linear



fitting, the relationship may be represented as below:

• Function between the full-load efficiency Am
and temperature T. Similarly,

based on those measurements at different temperatures, the following function may be

obtained by, for example, a cubic polynomial fitting;

^A-max ) (23)

• Power correction factors and efficiency correction factors for full-load state

under ISO condition.

Power output and efficiency are usually affected by inlet pressure loss _p_loss

and back pressure B_p of the CCHP unit. Based on measurements on power output and

efficiency at different inlet pressure loss and back pressure as provided in C200

documents, it may determine the power correction factors and efficiency correction

factors for inlet pressure loss _p_loss and back pressure B_p respectively, which may

be denoted by P_CF ,E _ CFl ,P__CF ,E _ CF respectively. The power correction

factors and efficiency correction factors are all in a linearity relationship with inlet

pressure loss _p_loss and back pressure B_p of the CCHP unit. Additionally, these two

parameters inlet pressure loss _p_loss and back pressure B_p may be determined once

the CCHP unit is installed;

• Additionally, based on the measurements on power output and efficiency in full-

load condition given in those documents, partial-load performance model under ISO

condition may be obtained by means of curve fitting as follows:

wherein the functions / 2 /
IS0

»/ are all nonlinear function.

[0071] Finally, based on the above equations (2) to (4) and these power and

efficiency correction factors P_CFi ,E _CF l ,,P_CF P,E _CF , it may derive the

CCHP partial-load performance under a given operation condition as follows:

^CHP (0 a

P
SO-max f ( ___

P
max_

25)
>

SO-max



where P MAX and Emax are the maximum efficiency and the maximum output power under

a given working condition respectively. The P MAX and Emax may be obtained through

correcting, by means of the above-mentioned power and efficiency correction factors,

P A-max and EA-max, which respectively denote the maximum efficiency and output power

under the given working condition without considering effects induced by inlet pressure

loss JJ_IOSS and back pressure B .

[0072] That is to say, the maximum efficiency and output power under the

given working condition may be corrected by those correction factors so as to consider

effects induced by inlet pressure loss _p_loss and back pressure B . For example, P MAX

and Emax may be expressed as:

p _ p p ( ? τρ = τ p ~Ί 7 * P
-• max " A-max — I — B ' ax A-max — I P _ ·

(26)

[0073] However, it can be appreciated that the present disclosure is not

limited to the embodiment in which the parameters P MAX and Emax are corrected by these

correction factors for the inlet pressure loss and back pressure of the CCHP unit and it is

also possible if the P MAX and Emax are not corrected.

[0074] Further, the model may further include relationship between the

consumed gas volume, the electricity output and electricity output efficiency. If the

lower heating value of natural gas, denoted by η , is known, gas volume F(t)

consumed by a CCHP unit may be determined as

F t)=P (t)IE w t) . (27)

[0075] Generally, the electricity output - CHP W h s an upper bound, i.e. the

maximum electricity. In addition, to avoid lower efficiency, the CCHP unit's electricity

output PC (0 ay preferably have a lower bound constraint. Thus, by combing with

the lower and upper bound constraints , it may obtain

^CHP „ ≤ ^CHP (0 ≤ ^ax^CHP (0 · (28)

wherein IcHp t) is 0- 1 variable denoting whether the CCHP unit operates or not. The

Pmin may be, for example, 0.2* Pmax .

[0076] It is also noted that in some countries or areas, it will be more cost

efficient to buy electricity from the macro-grid then running CCHP units with natural

gas in some time intervals. For example, in China, for most of the commercial and



industrial customer, the electricity price in valley period is about 0.3RMB/kwh and the

natural gas price is always 2RMB/m3. The natural gas price with the same economic

cost as buying electricity from macro-grid is about 1.90 RMB/m3 (
C

=10kWh/m3),

which means that, during valley period, it is much cheaper to buy the electricity from

macro-grid than running CCHP units. Thus, it will be preferable if the operation of the

CCHP units may be restrained to only the off-valley time, i.e., it may have the following

constraint

[0077] However, it should be noted, for other areas and counties which

employ different pricing policy, the constraint as defined in equation (9) may be

modified accordingly or even be omitted.

1-2. Modeling of electricity output vs cooling output

[0078] Generally, cooling output ?CHP ( of the CCHP is closely related to

exhaust characteristics, such as the exhaust temperature E_T{t) and exhaust flow

velocity E- v . Based on the measurements on power output at different exhaust

temperature and exhaust flow velocity, which may respectively represent by the

functions by means of quadratic polynomial fitting and piecewise linear fitting

respectively:

E_T{t)=g (T,
CHP

(0) and E_V(t)=g 2(T, PC I (t)) (30)

[0079] Thus, it may obtain the following relationship between the cooling

output Qc (t) and electricity power
HP

( under a given working condition:

wherein QcHp(t) is cooling output of the CCHP unit at given time t; and P C P ) is

electricity output of the CCHP unit at given time t .

[0080] When the CCHP unit works at the mode wherein the cooling energy

output is determined based on the
CHP

(t) , the corresponding Q
P
(t) can be derived by

Eq. (10). On the contrary, when the CCHP unit works at the mode wherein the power

generation is determined based on the cooling demand, the corresponding output

power PC I (t) may be given by



CHP CHP ) . (32)

[0081] Furthermore, the following constraints might be placed on the

cooling output Qc (t) so as to avoid a low efficiency:

CHP (
I
„ ≤ c H (0 ≤ CH ( ) „ (33)

5 wherein O .η =g (VP- mm. ) and iQi m =g (P
max

) .

[0082] Besides, it may be appreciated that during start/stop operation, the

above-relationships may be different to those operation states. For Capstone C200,

relevant tests show that the CCHP unit possesses rapid dynamic responses in start, stop

and output adjustment. For example, during the start operation, the cost time is about

0 120s from initiation to full-load state; the whole stop process consumes less than 200s;

and the output adjustment following load change can finish approximately in 80s. In

view of this, it seems that constraints on start/stop operation and ramping up/down may

be ignored in the day-ahead scheduling.

[0083] Although in the above description, the constraints on start/stop

5 operation and ramping up/down are suggested to be ignored, it should be appreciated

that, if desired, the constraints on start/stop operation and ramping up/down may also be

considered.

II. Ice-storage air-conditioner modeling

0 [0084] An ice storage air-conditioner usually contains an ice chiller, a

cooling tower, an ice-storage tank, pump and other auxiliary equipments, and the ice-

storage air-conditioners may work in different operation modes. For example, when

consuming electricity to provide the cooling energy to the customer or when converting

the electricity energy into the cooling energy stored in the form of ice, it could work as

5 an electricity load, while it may work as a cooling energy generator to release the

energy stored in the ice back to the air so as to provide the cooling energy to the

customers.

[0085] In view of this, herein, it will establish mathematic models for the

following four operation modes,

0 1) Air-conditioning mode, in which only an ice chiller works to satisfy the cooling

demand;



2) Ice-making mode, in which the ice chiller stores cooling capacity by making ice,

preferably during off-peak period;

3) Ice melting mode, in which the ice-storage tank performs ice melting to meet

cooling demand; and

4) Ice melting & air-conditioning mode, in which ice melting by ice-storage tank

and air-conditioning by the ice chiller are combined together.

[0086] That is to say, the models for the four operation modes will define the

cooling output as a function of its inputs (namely, the electricity energy, or cooling

energy stored in form of ice) of ice-storage air-conditioner under 4 operation modes.

[0087] In addition, the ice-storage tank is an important device in the ice-

storage air conditioner and it may be required to be modeled to establish an accurate

model.

[0088] Hereinafter, the air-conditioning mode may be denoted by

(t) e (0,1) ; the ice-making mode may be denoted by I (t) e (0,1) ; the ice melting

mode may be denoted by d( (0,1) ; and the ice melting & air-conditioning mode is

regarded as a combination of the ice melting mode and the air-conditioning modem,

wherein, if the ice-storage air conditioner operates in a operation mode, the value of the

corresponding variable Ia(t), Ic(t) and Id(t) will be 1, otherwise, the value will be 0; and

if both values of Ia(t) and Id(t) are 1, it denotes the ice-storage air conditioner operates in

the ice melting & air-conditioning mode. Next, detailed description will be provided of

the models for the ice storage air-conditioner in the four operation modes.

II-l. Air-conditioning mode:

[0089] In the air-conditioning mode, the ice chiller will run within its rated

capacity to provide cooling energy as much as possible. On the other hand, for higher

efficiency, the ice chiller may avoid running at lower load ratios, which means it may

impose a constraint as follows:

(
,- ώ ≤ ,( ≤ ( -™ ( )

where Qa (t) , Q _min and _ denote the output cooling power at the time t, and the

minimal and maximum cooling power of ice chiller in air-conditioning mode,

respectively. Q _min is defined as for example 20% of _ .



[0090] When a (t) falls within the constraints as given (14), the COP

(coefficient of performance) varies linearly with Qa (t) . Therefore, partial load model of

the ice chiller may be derived by curve fitting method and represented for example as

follows:

+ (35)

wherein Pa (t) is consumed electricity power and , ( i = 1, ) represent coefficients of

linear fitting to data provided by the manufacturer of the ice-storage air conditioner.

[0091] In addition, a normal air-conditioner with a smaller capacity is

usually equipped to meet the cooling demand in valley periods because the ice chiller

often runs in ice-making mode during valley periods, and the ice-making and ice-

conditioning mode is not recommended to occur simultaneously for a purpose of

economic operation. Therefore, it may further obtain the following constraints.

/ a ( t )=0 , t / . (36)

II-2. Ice-making mode:

[0092] In the ice-making mode, the ice chiller usually operates at its

maximum cooling Q a - m to pursue a larger COP, i.e. the cooling energy as made may

be expressed as:

[0093] In such a case, the operation of ice-making mode can also be

described as

P ) =
« 3

* Q c( + ' (3 )

wherein Pc {t) is the electricity consumption and , (i=3, 4 ) represent coefficients of

linear fitting to data provided by the manufacturer of the ice-storage air conditioner.

[0094] In addition, for a purpose of economic operation, the ice-making

mode should continuously run in valley period. Therefore, it may further have the

following constraints:



r-i

∑ |/ e ( + l / e ( )|=2
t=\ (39)
I t)= , t Tvvalley

II-3. Ice-melting mode:

[0095] Generally, for the ice-melting mode, it may limit its operation only in

off-valley periods for the economic operation. That is to say, the following constraint

may be obtained.

I t = ^valley (40)

[0096] On the other hand, when the ice-storage tank implements ice melting

to provide the cooling energy Q (t) , the power consumption Pd (t) is a very small

constant while the cooling energy Q {t) should satisfy constraints for its bound.

o ≤ a ( ≤ d *fi h (4i)

wherein
d.

is defined as for example 20% of I Smax and I S max is the maximum capacity

of the ice-storage tank.

II-4. Combined Ice-melting & Air-conditioning mode

[0097] As mentioned hereinbefore, the ice melting & air-conditioning mode

may be regarded as a combination of the ice melting mode and the air-conditioning

mode and thus its model is the combination thereof, i.e., equations (34) to (36) and

equations (20) to (21). Thus, detailed description about the model under the ice melting

& air-conditioning mode will be omitted for a purpose of simplicity.

II-5. Model for the ice-storage tank

[0098] In addition, the ice-storage tank is may be modeled by considering

the dissipation coefficient, the refrigeration efficiency and the maximum storage

capacity IS max . The cooling energy IS{T) stored in the ice-storage tank at time T may

be written as follows:

IS{T) = {\ - η )IS{T-\) + Q T ) - ( ) , (42)

where is the dissipation coefficient of stored cooling energy, which is chosen to be



0.2; and is refrigeration coefficient, which may equal to be 0.67.

[0099] Additionally, at each off-valley time T, to meet the total gap between

the cooling demand and the maximum available cooling supply that may be provided by

the CCHP units and air-conditioning mode for the following off-valley times after T, the

minimal required coolin energy storage S
mi

(T) in the tank may be defined as

where Q G P ) denotes the gap between the cooling demand and the maximum available

cooling supply provided by the CCHP units and air-conditioning mode and it may be

expressed by:

° P = other

Then, it may obtain the following constraints

IS(T) ≥ IS i T), T T Me (44)

[00100] Considering that, during the valley periods, the ambient temperature

is lower and ice-making continuously run, dissipation of ice-storage tank can be omitted.

Thus, at the end of valley time is

where T is the duration of continuous ice-making mode in hour. According to Eq. (38),

it holds

[00101] In addition, there may also exists the upper bound constraint for

.e.

valley ) (47)

where -aiie is the duration of valley periods in hour. Also, IS(T) ( τ y ) may have

an upper bound constraint as below:

S T) ≤ (l-^)IS(T-l), T ll (48)

[00102] Hereinbefore, the example models for the CCHP units and the ice-



storage are described in details; however, the skilled in the art should be appreciated

that the present disclosure is not limited thereto and it is also possible to use any other

suitable models.

[00103] In the capacity determination optimization model of the MG, in

addition to the decisive variables, N ccHP ' p - T ' boi e ' ta k mere e further

unknown variables of operation status of CCHP units, ice-storage air-conditioners,

boilers, PVs and wind turbines at each hour of a year. If all these variables are solved

together, it will be challenging (although not impossible) to find a solution for the

optimization process facing so many variables to be determined. Therefore, herein, a

micro grid optimal operation strategy for the multi-type energy supply is provided for

simplifying the solving of the optimal capacity determination.

[00104] During studying the objectives and constraints of the optimal

capacity planning model, the inventors observe that the annualized investment cost and

the upper and lower constraints of decisive variables, other objectives and constraints

are closely related to the optimal MG schedule. Moreover, some variables related to the

ice-making and ice-melting, and those related to the storage battery schedule before

planned island scenario can be considered on a day time scale. In view of this, there is

proposed an MG optimal energy scheduling process for the multi-type energy supply

and multi-operation scenario on day time scale which can be imbedded it into the MG

capacity determination model.

[00105] The main idea of the MG optimal energy scheduling process is to

determine, based on the matching relationship between the thermal (cooling/heating)

energy demand and the electricity demand and different MG operation scenarios, the

operation priority of the various energy supply devices as well as the CCHP units'

working mode, with the aim of minimizing the integrated cost ( including for example,

costs of device investment, operation, maintenance, treatment of emitted pollutant) and

the energy outage cost penalty of energy outage while satisfying the multi-energy

supply/demand balances.

[00106] The matching relationship between the thermal (cooling/heating)

energy demand and the electricity demand refers to ratio of the thermal

(cooling/heating) energy demand to the electricity demand, which is particular used to

determine the working mode of a CCHP unit. As is known, a CCHP unit may work in



various operation modes. First, the CCHP unit may operate as a heating energy &

electricity supply source by consuming fuel gas such a natural gas or a cooling energy

& electricity supply source by consuming fuel gas such a natural gas. In addition, it

may work either in an operation mode in which supplied heating/cooling energy is

determined by electricity (i.e., following the electricity demand, referred to as FED) or

an operation mode in which supplied electricity is determined by the heating/cooling

energy (i.e., following the heating/cooling demand, referred to as FHD/FCD). If the

ratio of the thermal (cooling/heating) energy demand to the electricity demand is

matched with the ratio of thermal energy and electricity supplied by the CCHP unit, it

will be desirable; otherwise, in the present disclosure, the operation mode will be

selected based on the ratio of the thermal (cooling/heating) energy demand to the

electricity demand so that there is no energy waste. For example, if the ratio of the

thermal (cooling/heating) energy demand to the electricity demand is larger than the

ratio of thermal energy and electricity supplied by the CCHP unit, the CCHP unit may

work in the FED mode; otherwise, the CCHP unit may work in a FCD/FHD mode

which is dependent on whether the thermal energy demand is cooling demand or

heating demand.

[00107] In an embodiment of the present disclosure, the optimal energy

scheduling process may be pre-performed by determining operation priorities of the

multi-type energy supply devices and an operation mode of the CCHP unit at each time

interval in a scheduling period based on matching relationship between thermal demand

and electricity demand and operation scenarios of the micro grid with an aim of

minimizing integrated cost and energy outage cost while keeping the electricity

supply/demand balance and the thermal energy supply/demand balance.

[00108] In case where the thermal demand comprises both cooling energy

demand and heating energy demand, the optimal energy scheduling process may

comprise a heating & electricity coordinated daily schedule (HECDS) process and a

cooling & electricity coordinated daily schedule (CECDS) process. The HECDS

process may be configured to determine strategy of scheduling heating & electricity

supply based on whether the micro-grid operates in a grid-connected mode or a planned

island mode within each time interval of the scheduling period, and reschedule possibly

unsatisfied electricity load to one or more other time interval of the scheduling period,



and apply an unplanned island mode to a time interval if a unplanned island event

occurs within this time interval. On the other hand, the CECDS process may be

configured to determine a strategy of scheduling heating & electricity supply based on

whether the micro-grid operates in a grid-connected mode or a planned island mode

within each time interval of the scheduling period, determine the required continuous

ice-making hours for a possible cooling demand gap, reschedule possible unsatisfied

electricity load to one or more other time intervals in the scheduling period, and apply

an unplanned island mode to a time interval if a unplanned island event occurs within

this time interval.

[00109] As mentioned hereinbefore, the micro grid may work in three

different modes, i.e., the grid-connected mode, the planned island mode and the

unplanned island mode. In the grid-connected mode, the micro grid is connected to the

macro grid and can exchange electricity with the macro grid. In the planned island

mode, the micro grid is not connected to the macro grid and it is planned in advance and

thus during scheduling in the day always, impact of the planned island mode has been

considered. In the unplanned island mode, the micro-grid is not connected to the macro

grid either but it happens unexpectedly, for example, when an unplanned island event

(such as outage of the macro grid) occurs during the micro grid operates in the grid-

connected mode. This means its impact should be considered temporarily.

[00110] In embodiments of the present disclosure, for different operation

modes of the micro grid, both the HECDS process and the CECDS process have

different strategies of scheduling energy supplies, which will be detailed next.

[00111] Particularly, for the HECDS process in the grid-connected mode, the

electricity may be supplied in a priority order of the renewable energy supply device,

the CCHP unit, and the macro grid, while the heating energy may be supplied in a

priority order of the CCHP unit and the ordinary heating supply device. At the same

time, the operation mode of the CCHP unit can be determined based on the matching

relationship between the thermal demand and the electricity demand so as to save the

energy. In the planned island mode, unlike the grid-connected mode, no electricity can

be taken from the macro grid. Thus, the storage battery will be used when the

electricity demand cannot be met and the CCHP unit works in a mode in which the

supplied heating energy is determined by the electricity, instead of being determined



based on matching relationship between thermal demand and electricity demand.

Specifically, in the planned island mode, the electricity is supplied by and in a priority

order of the renewable energy supply device, the CCHP unit and the storage battery, and

the heating energy is supplied by and in a priority order of the CCHP unit and the

ordinary heating supply device.

[00112] As mentioned hereinbefore, the unplanned island mode is similar to

the planned island mode expect that impact of the unplanned island mode should be

considered. Thus, in the unplanned island mode, the electricity load is adjusted based

on scheduled shift-in and shift-out electricity load while the electricity supply priority

and the heating supply priority can be identical to those in the planed island mode. That

is to say, the electricity may be also supplied in an order of the renewable energy supply

device, the CCHP unit and the storage battery and the heating energy may be supplied

in a priority order of the CCHP unit and the ordinary heating supply device. Besides,

similarly, the CCHP unit works in a mode in which the supplied heating energy is

determined by the electricity.

[00113] Regarding the scheduling strategies for the CECDS process, they are

different from those for HECDS process because the CECDS process involves both

CCHP units and ice-storage air-conditioner.

[00114] For the CECDS process in the grid-connected mode, the electricity

may be supplied by and in a priority order of the renewable energy, the CCHP unit and

the macro grid, and the cooling energy is supplied by and in a priority order of

remaining renewable energy after supplying electric loads, the CCHP unit while

supplying the electric loads, the CCHP unit while driving the ice-storage air-conditioner,

the macro grid for driving the ice-storage air-conditioner and the ordinary air-

conditioner. Similarly to the HECDS in the grid-connected mode, the operation mode

of the CCHP unit may be determined based on the matching relationship between the

thermal demand and the electricity demand.

[001 15] The CECDS in the planed island mode is similar to the CECDS in the

grid-connected mode except that the storage battery will be used when the electricity

demand cannot be met and the CCHP unit works in a mode in which supplied heating

energy is determined by electricity. Particularly, in CECDS in the planned island mode,

the electricity may be supplied in a priority order of the renewable energy, the CCHP



unit and the battery storage, while the cooling energy may be supplied by and in a

priority order of remaining renewable energy after supplying electric loads, the CCHP

unit while supplying the electric loads, the CCHP unit while driving the ice-storage air-

conditioner. At the same time the CCHP unit works in a mode in which the supplied

heating energy is determined by the electricity and the battery storage is used when

there is no electricity available for ice-making.

[00116] The CECDS in the unplanned island mode is similar to the CECDS

in the planed island mode but impact of the unplanned island mode should be

considered. Particularly, if the unplanned island mode occurs in the valley-time period

during which it is supposed to do the ice-making, the stored cooling energy will be

reduced and thus the reduced cooling energy should be rescheduled; if the unplanned is

land mode occurs in the off-valley time, the ice-making will not be affected but the

available ice-melting will be limited to the original scheduled value so as to ensure the

electricity supply. Particularly, in the unplanned island mode, if it is in a valley-time,

the reduced amount of stored cooling energy of the ice-storage air-conditioner will be

rescheduled to one or more following time intervals; if it is off-valley time, the ice-

melting of the ice-storage air-conditioner is limited to an original schedule value.

Besides, the electricity is supplied by and in a priority order of the renewable energy,

the CCHP unit and the battery storage, the cooling energy is supplied by and in the

priority order of remaining renewable energy after supplying electric loads, the CCHP

unit while supplying the electric loads, the CCHP unit while driving the ice-storage air-

conditioner. At the same time, the CCHP unit works in a mode in which the heating

energy is determined by the electricity and the battery storage is used when there is no

electricity available for ice-making.

[00117] Hereinafter, to explain operations of optimal energy scheduling,

exemplary optimal energy scheduling for determining micro grid optimal operation

strategy will be described, only for a purpose of illustration, with reference to specific

embodiments of the present disclosure.

Micro grid optimal energy scheduling process for multi-type energy supplies

[00118] In the embodiment of the present disclosure, the optimal energy

scheduling process may include a heat & electricity coordinated daily schedule



(HECDS) process and a cooling & electricity coordinated daily schedule (CECDS)

process for the multi-operation scenario of grid-connected, planned islanded and

unplanned islanded modes. Hereinafter, the HECDS process and the CECDS process

will be described one by one.

Heat & electricity coordinated daily schedule (HECDS)

[00119] An example for the H&E coordinated daily schedule process is

illustrated in Fig. 3. As illustrated in Fig. 3, first at step S301, it is checked whether the

hour time_i belongs to an hour in the day. If yes, then at step S302, it is further checked

if it is the time for the planed island mode. If so, at step S303, it is determined that the

micro grid will use the HECDS in the planed island mode; otherwise at step S304, the

micro grid will use the HECDS in grid-connected mode. Afterward, at step S305, the

time index time_i is increased by 1 and the process enters another loop for the next hour.

After the scheduling of all 24 hours of the day (no at step S301), at step S306, it is

checked whether there is any unsatisfied dispatchable electricity load. If not, the step

proceeds with step S308; otherwise, at step S307, the electric load may be scheduled to

other hours of the day according to, for example, the priority of the electricity

consuming price and the process goes to step S308. At step S308, it is further checked

whether there is an unplanned island hour during the day. If yes, at step S309, the

micro grid will use the HECDS in the unplanned island mode.

[00120] For the HECDS in the grid-connected mode, the renewable energy is

given the highest priority for satisfying the electric load; then it is checked whether

there exists surplus electricity supply if the CCHP units work in the FHD mode. If so, it

is determined the CCHP units work in the FED mode; if not, the CCHP units can still

work in the FHD mode. The remaining gap between the heat supply and the heat

demand may be satisfied by the natural gas boiler.

[00121] For the HECDS process in the planed islanded mode, the electricity is

satisfied according to the decreasing priority ranking of the renewable energy, CCHPs

in the FED mode, and the storage battery. On the other hand, the heating energy

provided by the CCHPs is used to meet the heat demand and the remaining gap between

heat supply and demand is supplied by natural gas boiler.

[00122] For the HECDS process in the grid-connected mode or the planned

islanded mode, after the scheduling of all 24 hours of a day, the unsatisfied dispatchable



electricity demand will be scheduled to the other hours of the day according to the

priority of electricity consuming price.

[00123] For the HECDS process in unplanned islanded mode, it is similar to

that in planned island but the unplanned island operation usually occurs unexpectedly

and before the unplanned island mode, the MG usually operates in the grid-connected

mode. When the unplanned island event, such as outage in the macro grid, happens in

an hour, the HECS process in unplanned island mode will be performed in this hour.

Since the scheduling of the dispatchable electricity load on this day has been

implemented, the actual electricity load at the unplanned island time should be adjusted

according to the scheduled shift-in and shift-out electricity load at this time. After that,

the same strategy as those for the HECDS in planned island may be applied in this hour.

Besides, if there is unsatisfied dispatchable electric load in this hour, the unsatisfied

electric load may be scheduled to the following hours according to the priority of

electricity consuming price.

Cooling & electricity (C&E) coordinated schedule (CECDS)

[00124] Fig. 4 illustrates an exemplary CECDS process. As illustrated in Fig.

4, first at step S401, it is checked whether the hour time_i belongs to an hour in the day.

If yes, then at step S402, it is checked if it is the time for planed island mode. If so, at

step S403, it is determined that the micro grid will use the CECDS in the planed island

mode; otherwise at step S404, it is determined that the micro grid will use the CECDS

in grid-connected mode. Afterward, at step S405, the time index time i is increased by

1 and the process enters another loop for the next hour. After the scheduling of all 24

hours of the day (no at step S401), at step S406, it is checked whether there is a cooling

demand gap. If not, the process goes to step S410; otherwise, the process proceeds with

step S407, and applies the priority of supply cooling to determine one or more energy

devices so as to meet the cooling demand gap. If it is determined that the energy device

comprises an ice-storage air conditioner (step S408), then at step S409, the total daily

ice-melting volume is calculated and continuous ice-making hours is determined based

on the ice-melting volume. Next at step S410, it is checked whether there is any

unsatisfied dispatchable electric load; if so, at step S41 1 the unsatisfied dispatchable

electric load may be scheduled to other hours of the day according to, for example, the



priority of the electricity consuming price; otherwise the process goes to step S412.

Afterwards, at step S412, it is checked whether there is any unplanned island hour

during the day. If yes, at step S413, it is determined that the micro grid will use the

CESDC process in the unplanned island mode.

[00125] For the CECDS process in grid-connected mode, the electricity

energy may be supplied by the renewable energy, CCHP units and macro grid in a

decreasing priority ranking thereof. The cooling energy may be supplied by rest of

renewable energy after supplying electric load for air-conditioning, the CCHP units

while satisfying electric demand, CCHP units while driving air-conditioning, CCHP

while driving ice-melting, and the macro grid for ice-melting and for air-conditioning,

and in a decreasing priority ranking thereof. Moreover, the matching relationship

between the cooling demand and the electricity demand can also be considered to

determine the operation mode of the CCHP units. Furthermore, due to the existence of

air-conditioning and ice-melting, the CCHP's working modes in CECDS process are

much more complex than those in HECDS process. Next, only for a purpose of

illustration, an exemplary C&E coordinated schedule in MG grid-connected mode will

be described with reference to Fig. 5.

[00126] As illustrated in Fig. 5, first, at step S501, it is checked whether the

renewable energy device (such as wind turbines, PV panels) can provide more

electricity than power required by the electricity loads. If yes, the process goes to step

S502; otherwise the process goes to step S510. At step S502, the surplus electricity will

be used to drive the air conditioners. If at step S503, the cooling demand is met, then at

step S506, the electricity to be cut should be calculated so as to save the energy; if the

cooling demand is not satisfied at step S503, then at step S504, it will further be

checked whether the air-conditioners work at a full state. If the air-conditioner is in the

full state, then at step S505, the cooling demand gap and the surplus electricity

generation (electricity to be cut) may be determined. If on the contrary, the air-

conditioner is not in the full state at step S504, then at step S507, the CCHP units supply

cooling energy while driving air-conditioner. After that, it is further checked at step

S508, whether the cooling demand is satisfied. If it is satisfied, the process is ended;

otherwise, the cooling demand gap is determined and the process is ended.

[00127] On the other hand, if at step S501, the renewable energy cannot meet



the electricity demand, then at step S510, it is further checked whether the net electric

load is equal to or lower than P_ccHP_max i e the maximum power that can be provided

by CCHP unit. If no, it is further checked at step S51 1 whether Q ccHP max i-e., the

maximum cooling energy that can be provided by the CCHP unit, is equal to or lower

than the cooling demand. If it is not, it is determined at step S512 that the CCHP unit

works in the FCD mode, in which the electricity generation of the CCHP units will be

determined based on the cooling demand; otherwise at step S513, it is determined that

the CCHP units work at full state and calculate the cooling demand gap. On the other

hand, if the net electric load is equal to or lower than P ccHP ma at step S510, then at

step S514, it is determined that the CCHP units work in the FED mode in which the

cool energy supply is determined based on the electricity demand. After that, at step

S515, it is further checked whether the cooling energy supplied by the CCHP units

working in FED mode is more than the cooling demand. If so, at step S516 it change

the operation mode of the CCHP units from the FED mode to FCD mode, i.e., the

electricity generation of the CCHP units will be determined based on the cooling

demand so as to save the energy; otherwise at step S517, it is determined that the CCHP

units will supply more cooling energy while driving air-conditioner. Further, at step

S518 it is checked whether the cooling demand can be satisfied, if yes, and then the

proceed ends; otherwise, the cooling demand gap is determined at step S519.

[00128] The C&E coordinated schedule in planned island mod is substantially

similar to that in MG grid-connected mode but there are some difference. First, since

the micro grid works in an island mode and cannot get more power from the macro grid

and the electricity demand has priority over the cooling demand, the CCHPs unit can

only work in FED mode. On the other hand, discharging of the storage battery is

performed if CCHP units cannot satisfy the electricity demand or there is no electricity

energy available for ice-melting. Next, for a purpose of illustration, an example CECDS

process in the planned island mode is given in Fig. 6.

[00129] As illustrated in Fig. 6, first at step S601, it is checked whether the

renewable energy device can provide more electricity than power required by the

electricity loads. If yes, the process goes to step S602; otherwise the process goes to

step S610. Operations of steps S602 to S609 which will be performed if the renewable

energy device could provide more electricity are similar to those in steps S502 to S509



as illustrated in Fig. 5 and thus their detailed description will be omitted for a purpose of

simplification. On the other hand, if the renewable energy device could provide more

electricity than the electricity demand, at step S610, it will be further checked whether

the net electric load is lower than or equal to the P_ccHP_max- If the net electric load is

larger than the P ccHP max, at step S61 1, it is determined that the CCHP units will work

in a full state and the battery storage is further used to meet the electric demand gap and

then at step S612, the cooling demand gap is determined. If at step S610, the net

electric load is not larger than P ccHP ma then at step S6 13, it is determined that the

CCHP units will work in FED mode. At step S614, it is further checked whether the

cooling energy from the CCHP units could meet the cooling demand. If yes, at step

S615, the surplus electricity generation will determined; otherwise, at step S616, it is

determined that the CCHP units will supply more cooling energy and at the same time

the electricity from the CCHP units will be used to drive air conditioners. Afterwards,

at step S617, it is checked whether the cooling demand can be satisfied. If so the

cooling demand will be determined at step S61 8; otherwise, the process is ended.

[00130] Regarding the CECDS in unplanned island mode, it is similar to that

in the planned island mode but much more complex. When the occurring hour of

unplanned island is valley-time period during which the ice-making is to be performed,

the unplanned island will result in the reduction of the stored cooling energy. Thus, in

such a case, in one or more following off-valley hours (i.e., ice-making hours), an ice-

making re-scheduling should be implemented to adapt to the diminished available ice-

melting. On the other hand, if the unplanned island happens at off-valley time, the

available ice-melting will be limited to the original scheduled value.

[00131] Hereinafter, only for a purpose of illustration, an exemplary CECDS

in unplanned island mode will be described with reference to Figs. 7A to 7C, which

together illustrate the CECDS in micro grid unplanned island mode according to an

example embodiment of the present disclosure.

[00132] Reference is first made to Fig. 7A, first at step S701, it is checked

whether the unplanned island time is ended, for example whether the time i is larger

than the predetermined island-time number. If the unplanned island time is ended, then

at step S706 the reduced ice-storage is shared among hours having ice-melting and the

remaining cooling demand gap is satisfied through CCHP units, which will provide



more cooling energy and at the same time the CCHP units and the macro grid will drive

the air-conditioners. Then at step S707, the unsatisfied dispatchable electricity demand

is shifted to the following hours according to the priority of the electricity consuming

price.

[00133] If at step S701, the unplanned island time is not ended yet, then at

step S702, it is checked whether the current time is off-valley time. If it is the valley

time, then at step S704, the CESDC in planned island mode may be applied but it

requires considering ice-storage generation demand and dispatchable load. That is to

say, the reduced ice-making should be rescheduled to one or more following ice-making

hours. Furthermore, at step S705, the ice-making may be canceled so as to meet the

electricity demand first. Then at step S707, unsatisfied dispatchable electricity demand

may be rescheduled to the following hours according to the priority of the electricity

consuming price.

[00134] If at step S702, it is the off-valley time, then at step S703, it is further

checked whether the renewable energy supply device can meet the electricity demand.

If no, the process enters a sub-process OV-A which is illustrated in Fig. 7B; if yes, the

process enters a sub-process OV-B, which is illustrated in Fig. 7C.

[00135] First referring to Fig. 7B, if the renewable energy supply device

cannot meet the electricity demand (no at step S703), then in the sub-process OV-A, at

step SA701, it is checked whether the net electric load is equal to or lower than the

P_CCHP_max, if no, i.e. the current electricity demand gap is higher than the electricity

that the CCHP unit could supply, at step SA702, it is determined that the CCHP units

will work in full state and battery is further used to power the electric load; if there are

ice-melting available, battery drives it and then the battery drives air conditioners. If the

current electricity demand gap is not higher than P_ccHP_max, at step SA703, the CCHP

units work in the FED mode. Next, at step SA704, it is checked whether the air-

conditioners are working in a full state. If yes, at step SA705, ice-melting is set as zero;

if no, it is further checked at step SA706 whether the ice-melting available. If the ice-

melting is not available, then the sub-process proceeds with step SA712; otherwise, the

sub-process goes to step SA707 to further check whether the ice-melting is reduced. If

the ice-melting is not reduced, at step S708, the CCHP units drive the ice-melting and

the batter may be further used to drive the ice-melting if it is not enough. If the ice-



melting is reduced, then at step SA709, it is further determined whether the ice-melting

is higher than the ice making amount per hour, for example D CU . AX* .67. If it is not

higher than the threshold, as step SA710, the ice-melting is set as zero; otherwise, at

step SA71 1, the CCHP units drive the ice-melting and the battery is used to further

drive the ice-melting if it is not enough and at the same time the ice-melting is limited to

pre-scheduled ice-melting minus DCU_ MAX* .67. Then at step SA712, the CCHP units

will supply more cooling energy to meet the cooling demand and, in the meanwhile, the

electricity from the CCHP units will be used to drive the air-conditioners.

[00136] Next, reference is made to Fig. 7C to describe the sub-process OV-B

which is performed when the renewable energy supply device can meet the electricity

demand (yes at step S703). As illustrated in Fig. 7C, first at step SB701, the surplus

renewable energy (i.e., the electricity supplied from PV panels and wind turbines but

not including those meeting the electricity demand) drives the air-conditioners. Then it

is checked, at step SB702, whether the cooling demand can be satisfied. If so, at step

SB703, the cut electricity generation is calculated and the ice-melting is set as zero and

the process goes to step SB711; if not, at step SB704, it is checked whether the air-

conditioner is in a full state. If no, the air-conditioner is not in a full state then at step

SB705, it is checked whether the ice-melting is available. If not, the process goes to

step SB711; if the ice-melting is available, it is further determined at step SB706

whether the ice-melting is reduced; if not, at step SB707 the CCHP generation is used to

drive the ice-melting'; if so, it is further checked at step SB708 whether the ice-melting

is larger than or equal to the ice making amount per hour, for example, DCU.MAX* .67.

If at step SB708, the ice-melting is lower than the predetermined threshold, at step

SB709, the ice-melting is set as zero and the process goes to step SB71 1; if at step

SB708, the ice-melting is larger than the predetermined threshold, then at step SB710,

the CCHP generation is used to drive the ice-melting and the ice-melting is calculated

as the pre-scheduled ice-melting minus the predetermined threshold and the process

enters step SB71 1. At step SB71 1, the CCHP units supply more cooling demand while

driving the air conditioners.

[00137] If, at step SB704, the air-conditioner is in a full state, then at step

SB712, it is further checked whether the ice-melting is available. If the ice-melting is

available, the sub-process goes to step SB714; otherwise, the sub-process goes to step



SB713 at which the cut electricity generation will be calculated. At step SB714, it is

further checked whether the ice-melting is reduced. If ice-melting is not reduced, then

the sub-process goes to step SB715; otherwise, the sub-process goes to step SB718.

[00138] At step SB715, it is determined whether the remaining renewable

energy is larger than or equal to the electric power consumption during the ice-melting

such as 90. If the remaining renewable energy is larger than the predetermined energy

limit, the renewable energy is used to drive the ice-melting at step SB716; otherwise at

SB717 the CCHP generation is used to drive the ice-melting. Then the process is ended.

[00139] At step SB718, it is also checked whether the remaining renewable

energy is larger than or equal to the electric power consumption during the ice-melting,

such as 90. If the remaining renewable energy is less than the predetermined energy

limit, the sub-process proceeds with step SB719; otherwise the sub-process proceeds

with step SB720. At step SB719, it is checked whether the ice-melting is larger than or

equal to the ice making amount per hour, such as DCU -MAX*0.67. If it is larger than or

equal to the predetermined threshold, at step SB721, the CCHP units are used to drive

the ice-melting and the battery is further used if it is not enough; at the same time, the

ice-melting is determined as the pre-scheduled ice-melting minus the predetermined

threshold. If at step SB719, the ice-melting is not larger than the predetermined

threshold, at step SB722, the ice-melting is set as zero and the cut electricity generation

is calculated. If at step SB718, the remaining renewable energy is larger than the

electric power consumption during the ice-melting, such as 90, at step SB720, it is

further checked whether the ice-melting is larger than or equal to the ice making amount

per hour, such as DCU.MAX*0.67. If it is larger than the predetermined threshold, at step

SB723, the ice-melting is determined as the pre-scheduled ice-melting minus the

predetermined threshold and the cut electricity generation is calculated; if it is not larger

than the ice making amount per hour, DCU -MAX*0.67, at step SB722, the ice-melting is

set as zero and the cut electricity generation is calculated.

[00140] Hereinabove, specific strategies for the HECDS and CECDS in

different operation modes are described at length; however, it should be appreciated

they are presented only for a purpose of illustration. The skilled in the art may conceive

many modifications, variations, alternatives from the teaching provided herein without

departing the spirit of the present disclosure.



[00141] From the above description, it may also be seen that by means of

such optimal operation strategies determined by performing the optimal scheduling

process, energy supply priorities and operations modes of some of the multi-type energy

supply devices can be determined, which can facilitate the searching of optimization

solution in the capacity determination.

Micro capacity determination optimization solution

[00142] In embodiments of the present disclosure, the proposed MG capacity

determination relates to a multi-objective and multi-constraint optimization. The

conventional particle swarm optimization (PSO) is not suitable for searching the

optimal capacity since it is a method for a single objective optimization. If the

conventional PSO is applied, the multiple objectives should be combined into a single

objective by weighing them, and at the same time penalties should be laid on the

unsatisfied constraints and added to the single objective, which could make the

optimization results worse.

[00143] Thus, another approach should be used to search the optimal solution

for the micro grid. It is clear that the two optimization objectives of the present

disclosure are in conflict with each other, i.e. the improvement of one objective might

cause the deterioration of another objective. Consequently, the multi-objective particle

swarm optimization MOPSO may be implemented to search the optimal solution for the

micro grid.

[00144] In a multi-objective optimization, usually there is no unique globally

optimal solution, but there exists a Pareto optimum set, composed by a group of

mutually non-dominant solutions. Consequently, in the MOPSO implementation, a

container is constructed to hold the Pareto non-dominant solutions, and the changes of

the particles' speeds are guided by these non-dominant solutions. Hereinafter, an

example process will be described to explain the approach to searching the optimal

solution with reference to Fig. 8.

[00145] In the MG capacity planning optimization, five dimensions of

ccH N N ' Sboiier constitute a particle. As illustrated in Fig. 8, first at step

S801, the speeds and positions of particles are initiated by considering the upper and

lower constraints of the decisive variables, and for all the particles, the above mentioned



MG optimal operation strategy for multi-type-energy supply and multi-operation-

scenario is performed so the energy supply priorities and the operations modes of some

of the multi-type energy supply devices can be determined. Then, at step S802, it is

checked whether the maximum number of operations is reached. If so, then at step

S810, the obtained Pareto optimal set can be output; otherwise, the process proceeds

with step S803. At step S803, all the objectives of particles are calculated and then at

step S804 the Pareto optimal particles are determined. Next, at step S805, it is checked

whether the number of Pareto optimal particles exceeds the preset number. If so, at step

S809 the particles in highly populated grids are given the priority to be removed; if not,

the Pareto optimal particles are located in grids at step S806. After that, at step S807,

each particle's speed is updated using the randomly selected global optimal solution

from the Pareto set and the randomly chosen previous Pareto optimal solution of its own.

Afterwards, at step S808, the particles' positions are updated and the process returns to

step S802. The operations are repeated until the operations have been performed at the

predetermined times.

[00146] By using the MOPSO, the Pareto non-dominant solutions could be

obtained, which may provide feasible solution for the device capacity determination

process as proposed herein.

[00147] In addition, Figs. 9A and 9B illustrate electricity demand and thermal

demand in a year used in a case simulation and Fig. 9C illustrates simulation results

comparison between the optimal capacity determination process and traditional capacity

determine process. First, as illustrated in Figs. 9A and 9B, during the summer time

from June to October, the micro grid supplies electricity and cooling energy to end users

while during other seasons the micro grid supplies electricity and heating energy. In

winter from Jan. to Mar., the heat demand is much higher than that in spring and

autumn as shown in Fig. 9B.

[00148] In the case simulation, the electricity demand is divided into four

classes, i.e. extremely important, important, dispatchable, and interruptable, which

occupies 10%, 20%, 30% and 40%, respectively; the thermal demand is divided into

two classes, i.e. important and cuttable, which occupies 60% and 40%, respectively.

The micro grid planned mode and the micro grid unplanned island mode both happened

twice a year, and each time the island mode lasts for two hours. The maximum number



of PV panels and wind turbines are limited by the available installation area, wherein

=6 N =242

[00149] Simulation results of the optimal capacity determination according to

an embodiment of in the present disclosure and results based on traditional capacity

determination are shown in Fig. 9C. It could be seen that for the same electricity

demand and thermal demand, the annual total cost of investment, operation,

maintenance, pollutant emission in MG with multi-type energy supply for micro grid

capacity determination solution is 6817304RMB, while the cost for the traditional

multi-type energy supply manner is about 1422800 RMB, which means more than 50%

cost reduction.

[00150] Additionally, in embodiments of the present disclosure, there is also

provided a system for capacity determination, which will be described with reference to

Fig. 10. As illustrated in Fig. 10, system 1000 can comprise: at least one processorlOlO;

and at least one memory 1020 for storing computer executable instructions 1030. The at

least one memory 1020 and the computer executable instructions 1030 are configured to,

with the at least one processor, cause the system to: perform, a device capacity

determination process for minimizing both annual integrated cost for the micro grid and

annual energy outage cost, under constraints on electricity supply/demand balance and

thermal energy supply/demand balance, and operation constraints on the multi-type

energy supply devices, to determine respective numbers or capacities of the multi-type

energy supply devices.

[00151] In an embodiment of the present disclosure, the micro grid may

comprise a renewable energy supply device, a battery storage, an ice-storage air-

conditioner, a combined cooling, heating and power CCHP unit, an ordinary air-

conditioning device, and an ordinary heating supply device

[00152] In another embodiment of the present disclosure, the annual

integrated cost for the micro grid may comprise annual device investment cost, annual

device operation cost, annual device maintenance cost and annual pollutant treatment

cost, and the annual energy outage cost may comprise cost for electricity outage and

cost for thermal energy outage.

[00153] In a further embodiment of the present disclosure, the operation

constraints on the multi-type energy supply devices may comprise operation constraints



on the CCHP unit including at least one of: an electricity output efficiency model for the

CCHP unit; an electricity output and cooling output relationship model for the CCHP

unit; and relationship between consumed gas volume and the electricity output and the

electricity output efficiency of the CCHP unit.

[00154] In a still further embodiment of the present disclosure, the operation

constraints on the multi-type energy supply devices may comprise operation constraints

on the ice-storage air-conditioner including at least one of an operation model of the

ice-storage air-conditioner in air-conditioning mode, an operation model of the ice-

storage air-conditioner in ice-making mode, an operation model of the ice-storage air-

conditioner in ice-melting mode, an operation model of the ice-storage air-conditioner

in ice-melting & air-conditioning mode, and an operation model of ice-storage tank of

the ice-storage air-conditioner.

[00155] In a yet further embodiment of the present disclosure, the device

capacity determination process may be performed further under at least one of: annual

utilization limit of renewable energy; annual discard limit of the renewable energy;

upper and/or lower limits for the respective numbers or capacity of the multi-type

energy supply devices; and upper and/or lower limits for electricity exchanged between

the micro grid and a macro grid which the micro-grid can be connected.

[00156] In a still yet further embodiment of the present disclosure, an optimal

energy scheduling process may be pre-performed by determining operation priorities of

the multi-type energy supply devices and an operation mode of the CCHP unit at each

time interval in a scheduling period based on matching relationship between thermal

demand and electricity demand and operation scenarios of the micro grid with an aim of

minimizing integrated cost and energy outage cost while keeping the electricity

supply/demand balance and the thermal energy supply/demand balance.

[00157] In another further embodiment of the present disclosure, the thermal

energy may comprise the cooling energy and heating energy, wherein the optimal

energy scheduling process comprises a heating & electricity coordinated daily schedule

process and a cooling & electricity coordinated daily schedule process.

[00158] In a further embodiment of the present disclosure, the heating &

electricity coordinated daily schedule process may be configured to determine strategy

of scheduling heating & electricity supply based on whether the micro-grid operates in a



grid-connected mode or a planned island mode within each time interval of the

scheduling period, and reschedule possible unsatisfied electricity load to one or more

other time interval of the scheduling period, and apply an unplanned island mode to a

time interval if a unplanned island event occurs within this time interval.

[00159] In a still further embodiment of the present disclosure, in the grid-

connected mode, the electricity may be supplied by and in a priority order of the

renewable energy supply device, the CCHP unit, and a macro grid to which the micro

grid can be connected to, and the heating energy may be supplied by and in a priority

order of the CCHP unit and the ordinary heating supply device; and wherein the

operation mode of the CCHP unit may be determined based on matching relationship

between thermal demand and electricity demand.

[00160] In a yet further embodiment of the present disclosure, in the planned

island mode, the electricity may be supplied by and in a priority order of the renewable

energy supply device, the CCHP unit and the storage battery, and the heating energy

may be supplied by and in a priority order of the CCHP unit and the ordinary heating

supply device, and wherein the CCHP unit may work in a mode in which supplied

heating energy is determined by electricity.

[00161] In a still yet further embodiment of the present disclosure, in the

unplanned island mode, the electricity load may be adjusted based on scheduled shift-in

and shift-out electricity load, the electricity is supplied by and in an order of the

renewable energy supply device, the CCHP unit and the storage battery; the heating

energy may be supplied by and in a priority order of the CCHP unit and the ordinary

heating supply device; and the CCHP unit may work in a mode in which supplied

heating energy is determined by electricity.

[00162] In a still yet further embodiment of the present disclosure, wherein

the cooling & electricity coordinated daily schedule process may be configured to

determine a strategy of scheduling heating & electricity supply based on whether the

micro-grid operates in a grid-connected mode or a planned island mode within each

time interval of the scheduling period, determine the required continuous ice-making

hours for a possible cooling demand gap, reschedule possible unsatisfied electricity load

to one or more other time intervals in the scheduling period, and apply an unplanned

island mode to a time interval if a unplanned island event occurs within this time



interval.

[00163] In another embodiment of the present disclosure, wherein in the grid-

connected mode, the electricity may be supplied by and in a priority order of the

renewable energy, the CCHP unit and the macro grid, and the cooling energy may be

supplied by and in a priority order of remaining renewable energy after supplying

electric loads, the CCHP unit while supplying the electric loads, the CCHP unit while

driving the ice-storage air-conditioner, the macro grid for driving the ice-storage air-

conditioner and the ordinary air-conditioner, and wherein the operation mode of the

CCHP unit may be determined based on the matching relationship between thermal

demand and electricity demand.

[00164] In still another embodiment of the present disclosure, in the planned

island mode, the electricity may be supplied by and in a priority order of the renewable

energy, the CCHP unit and the battery storage, and the cooling energy may be supplied

by and in a priority order of remaining renewable energy after supplying electric loads,

the CCHP unit while supplying the electric loads, the CCHP unit while driving the ice-

storage air-conditioner; and wherein the CCHP unit may work in a mode in which

supplied cooling energy is determined by electricity and the battery storage may be used

when there is no electricity available for ice-making.

[00165] I n still yet another embodiment of the present disclosure, wherein in

the unplanned island mode, if it is in a valley-time period, reduced amount of stored

cooling energy of the ice-storage air-conditioner may be rescheduled to one or more

following ice-making time intervals; if it is off-valley time, the ice-melting of the ice-

storage air-conditioner may be limited to an originally scheduled value; the electricity

may be supplied by and in an priority order of the renewable energy, the CCHP unit and

the battery storage, the cooling energy may be supplied by and in the priority order of

remaining renewable energy after supplying electric loads, the CCHP unit while

supplying the electric loads, the CCHP unit while driving the ice-storage air-conditioner;

and wherein the CCHP unit works in a mode in which the supplied cooling energy is

determined by the electricity and the battery storage is used when there is no electricity

available for ice-making.

[00166] In a further embodiment of the present disclosure, the device

capacity determination process may be performed by means of a multiple-objective



particle swarm optimization algorithm, and the number or capacity of the multi-types

energy supplying device may be selected as particles of the multiple-objective particle

swarm optimization algorithm.

[00167] In addition, there is also provided an apparatus for capacity

determination for a micro grid. As illustrated in Fig. 11, the apparatus 1100 may

comprise means 1110 for obtain the electricity demand, the thermal demand and limits

to parameters; and means 1120 for performing, a device capacity determination process

for minimizing both annual integrated cost for the micro grid and annual energy outage

cost, under constraints on electricity supply/demand balance and thermal energy

supply/demand balance, and operation constraints on the multi-type energy supply

devices, to determine respective numbers or capacities of the multi-type energy supply

devices.

[00168] In addition, there is further provided another apparatus for capacity

determination for a micro grid. Fig. 12 schematically illustrates a block diagram of

apparatus for capacity determination in a micro-grid according to an example

embodiment of the present disclosure. As illustrated in Fig. 12, the apparatus may

comprise a demand & parameter obtaining module 1210 and a process performing

module 1220. The demand & parameter obtaining module 1210 is configured to obtain

the energy demand such as the electricity demand, the thermal demand in each hour of a

year, and parameter limits such as limits as described hereinbefore. The process

performing module 1220 may be configured to perform, a device capacity determination

process for minimizing both annual integrated cost for the micro grid and annual energy

outage cost, under constraints on electricity supply/demand balance and thermal energy

supply/demand balance, and operation constraints on the multi-type energy supply

devices, to determine respective numbers or capacities of the multi-type energy supply

devices.

[00169] Furthermore, there is provided a tangible computer-readable medium

having a plurality of instructions executable by a processor to determine device capacity

for a micro grid, the tangible computer-readable medium comprises instructions

configured to perform steps of the method according to any embodiments of method of

the present disclosure.

[00170] It should be noted that operations of respective models or means as



comprised in the system 1000, apparatus 1100, and apparatus 1200 substantially

correspond to respective method steps as previously described. Therefore, for detailed

operations of respective models or means in the system 1000, apparatus 1100 and

apparatus 1200, please refer to the previous descriptions of the methods of the present

disclosure with reference to Figs. 1 to 9C.

[00171] Fig. 13 is a general computer system 1300, which may represent any

of the computing devices referenced herein. For instance, the general computer system

1300 may represent —in part or in its entirety —the control center, the head end, the

integrated network operations and management system (NOMS), the fault, performance,

and configuration management (FPCM) module, or any other computing devices

referenced herein such as the end devices, the meters, the telemetry interface units

(TIUs), the collectors, and/or any networked components such as routers, switches or

servers as discussed herein. The computer system 1300 may include an ordered listing

of a set of instructions 1302 that may be executed to cause the computer system 1300 to

perform any one or more of the methods or computer-based functions disclosed herein.

The computer system 1300 may operate as a stand-alone device or may be connected,

e.g., using the network 115, 125, to other computer systems or peripheral devices.

[00172] In a networked deployment, the computer system 1300 may operate

in the capacity of a server or as a client-user computer in a server-client user network

environment, or as a peer computer system in a peer-to-peer (or distributed) network

environment. The computer system 1300 may also be implemented as or incorporated

into various devices, such as a personal computer or a mobile computing device capable

of executing a set of instructions 1302 that specify actions to be taken by that machine,

including and not limited to, accessing the network 115, 125 through any form of

browser. Further, each of the systems described may include any collection of sub¬

systems that individually or jointly execute a set, or multiple sets, of instructions to

perform one or more computer functions.

[00173] The computer system 1300 may include a processor 1307, such as a

central processing unit (CPU) and/or a graphics processing unit (GPU). The processor

1307 may include one or more general processors, digital signal processors, application

specific integrated circuits, field programmable gate arrays, digital circuits, optical

circuits, analog circuits, combinations thereof, or other now known or later-developed



devices for analyzing and processing data. The processor 1307 may implement the set

of instructions 1302 or other software program, such as manually-programmed or

computer-generated code for implementing logical functions. The logical function or

any system element described may, among other functions, process and/or convert an

analog data source such as an analog electrical, audio, or video signal, or a combination

thereof, to a digital data source for audio-visual purposes or other digital processing

purposes such as for compatibility with computer processing or networked

communication.

[00174] The computer system 1300 may include a memory 1305 on a bus

1320 for communicating information. Code operable to cause the computer system to

perform any of the acts or operations described herein may be stored in the memory

1305. The memory 1305 may be a random-access memory, read-only memory,

programmable memory, hard disk drive or any other type of volatile or non-volatile

memory or storage device.

[00175] The computer system 1300 may also include a disk, solid-state drive

optical drive unit 1315. The disk drive unit 1315 may include a non-transitory or

tangible computer-readable medium 1340 in which one or more sets of instructions

1302, e.g., software, can be embedded. Further, the instructions 1302 may perform one

or more of the operations as described herein. The instructions 1302 may reside

completely, or at least partially, within the memory 1305 and/or within the processor

1307 during execution by the computer system 1300. The database or any other

databases described above may be stored in the memory 1305 and/or the disk unit 1315.

[00176] The memory 1305 and the processor 1307 also may include

computer-readable media as discussed above. A "computer-readable medium,"

"computer-readable storage medium," "machine readable medium," "propagated-signal

medium," and/or "signal-bearing medium" may include any device that includes, stores,

communicates, propagates, or transports software for use by or in connection with an

instruction executable system, apparatus, or device. The machine-readable medium

may selectively be, but not limited to, an electronic, magnetic, optical, electromagnetic,

infrared, or semiconductor system, apparatus, device, or propagation medium.

[00177] Additionally, the computer system 1300 may include an input device

1325, such as a keyboard or mouse, configured for a user to interact with any of the



components of system 1300, including user selections or menu entries of display menus.

It may further include a display 1330, such as a liquid crystal display (LCD), a cathode

ray tube (CRT), or any other display suitable for conveying information. The display

1330 may act as an interface for the user to see the functioning of the processor 1307, or

specifically as an interface with the software stored in the memory 1305 or the drive

unit 1315.

[00178] The computer system 1300 may include a communication interface

1336 that enables communications via the communications network 125. The network

125 may include wired networks, wireless networks, or combinations thereof. The

communication interface 1336 networks may enable communications via any number of

communication standards, such as Ethernet AVB, 802.1 1, 802.17, 802.20, WiMax, or

other communication standards.

[00179] Accordingly, the system may be realized in hardware, software, or a

combination of hardware and software. The system may be realized in a centralized

fashion in at least one computer system or in a distributed fashion where different

elements are spread across several interconnected computer systems. Any kind of

computer system or other apparatus adapted for carrying out the methods described

herein is suited. A typical combination of hardware and software may be a general-

purpose computer system with a computer program that, when being loaded and

executed, controls the computer system such that it carries out the methods described

herein. Such a programmed computer may be considered a special-purpose computer.

[00180] As described herein, any modules or processing boxes are defined to

include software, hardware or some combination thereof executable by the processor

1307. Software modules may include instructions stored in the memory 1305, or other

memory device, that are executable by the processor 1307 or other

processors. Hardware modules may include various devices, components, circuits,

gates, circuit boards, and the like that are executable, directed, and/or controlled for

performance by the processor 1307.

[00181] The system may also be embedded in a computer program product,

which includes all the features enabling the implementation of the operations described

herein and which, when loaded in a computer system, is able to carry out these

operations. Computer program in the present context means any expression, in any



language, code or notation, of a set of instructions intended to cause a system having an

information processing capability to perform a particular function, either directly or

after either or both of the following: a) conversion to another language, code or notation;

b) reproduction in a different material form.

[00182] By far, the present disclosure has been described with reference to the

accompanying drawings through particular preferred embodiments. However, it should

be noted that the present disclosure is not limited to the illustrated and provided

particular embodiments, but various modification may be made within the scope of the

present disclosure.

[00183] Further, the embodiments of the present disclosure can be

implemented in software, hardware or the combination thereof. The hardware part can

be implemented by a special logic; the software part can be stored in a memory and

executed by a proper instruction execution system such as a microprocessor or a

dedicated designed hardware. Those normally skilled in the art may appreciate that the

above method and system can be implemented with a computer-executable instructions

and/or control codes contained in the processor, for example, such codes provided on a

bearer medium such as a magnetic disk, CD, or DVD-ROM, or a programmable

memory such as a read-only memory (firmware) or a data bearer such as an optical or

electronic signal bearer. The apparatus and its components in the present embodiments

may be implemented by hardware circuitry, for example, a very large scale integrated

circuit or gate array, a semiconductor such as logical chip or transistor, or a

programmable hardware device such as a field-programmable gate array, or a

programmable logical device, or implemented by software executed by various kinds of

processors, or implemented by combination of the above hardware circuitry and

software, for example, by firmware.

[00184] While various embodiments of the disclosure have been described, it

will be apparent to those of ordinary skill in the art that many more embodiments and

implementations are possible within the scope of the disclosure. Accordingly, the

disclosure is not to be restricted except in light of the attached claims and their

equivalents.

[00185] The three constraints given in equation (32) may be selected based on

requirements in real application. Particularly, the given three constraints respectively



correspond to cases in which it is forbidden to provide the electricity back to the macro-

grid; it is allowed to exchange power between the macro-grid and the micro grid in both

directions; it is forbidden to exchange the power between the macro-grid and the micro

grid.



WHAT IS CLAIMED IS:

1. A system for capacity determination for a micro grid, wherein the micro

grid comprises multi-type energy supply devices to provide both electricity and thermal

energy, the system comprising:

at least one processor; and

at least one memory storing computer executable instructions,

wherein the at least one memory and the computer executable instructions are

configured to, with the at least one processor, cause the system to:

perform, a device capacity determination process for minimizing both

annual integrated cost for the micro grid and annual energy outage cost, under

constraints on electricity supply/demand balance and thermal energy

supply/demand balance, and operation constraints on the multi-type energy

supply devices, to determine respective numbers or capacities of the multi-

type energy supply devices.

2. The system according to Clam 1, wherein the micro grid comprises a

renewable energy supply device, a battery storage, an ice-storage air-conditioner, a

combined cooling, heating and power CCHP unit, an ordinary air-conditioning device,

and an ordinary heating supply device.

3. The system according to Claim 2, wherein the annual integrated cost for the

micro grid comprises annual device investment cost, annual device operation cost,

annual device maintenance cost and annual pollutant treatment cost, and the annual

energy outage cost comprises cost for electricity outage and cost for thermal energy

outage.

4. The system according to Claim 2 or 3, wherein the operation constraints on

the multi-type energy supply devices comprise operation constraints on the CCHP unit

including at least one of:

an electricity output efficiency model for the CCHP unit;

an electricity output and cooling output relationship model for the CCHP unit;

and



relationship between consumed gas volume and the electricity output and the

electricity output efficiency of the CCHP unit.

5. The system according to any of Claims 2 to 4, wherein the operation

constraints on the multi-type energy supply devices comprise operation constraints on

the ice-storage air-conditioner including at least one of

an operation model of the ice-storage air-conditioner in air-conditioning mode,

an operation model of the ice-storage air-conditioner in ice-making mode,

an operation model of the ice-storage air-conditioner in ice-melting mode,

an operation model of the ice-storage air-conditioner in ice-melting & air-

conditioning mode, and

an operation model of ice-storage tank of the ice-storage air-conditioner.

6. The system according to any of Claims 1 to 5, wherein the device capacity

determination process is performed further under at least one of:

annual utilization limit of renewable energy;

annual discard limit of the renewable energy;

upper and/or lower limits for the respective numbers or capacity of the multi-

type energy supply devices; and

upper and/or lower limits for electricity exchanged between the micro grid and

a macro grid which the micro-grid can be connected.

7. The system according to any of Claims 2 to 6, wherein an optimal energy

scheduling process is pre-performed by determining operation priorities of the multi-

type energy supply devices and an operation mode of the CCHP unit at each time

interval in a scheduling period based on matching relationship between thermal demand

and electricity demand and operation scenarios of the micro grid with an aim of

minimizing integrated cost and energy outage cost while keeping the electricity

supply/demand balance and the thermal energy supply/demand balance.

8. The system according to any of Claim 7, wherein the thermal energy

comprises the cooling energy and heating energy, wherein the optimal energy

scheduling process comprises a heating & electricity coordinated daily schedule process



and a cooling & electricity coordinated daily schedule process.

9. The system according to Claim 8, wherein the heating & electricity

coordinated daily schedule process is configured to determine strategy of scheduling

heating & electricity supply based on whether the micro-grid operates in a grid-

connected mode or a planned island mode within each time interval of the scheduling

period, and reschedule possible unsatisfied electricity load to one or more other time

interval of the scheduling period, and apply an unplanned island mode to a time interval

if a unplanned island event occurs within this time interval.

10. The system according to Claim 9, wherein in the grid-connected mode, the

electricity is supplied by and in a priority order of the renewable energy supply device,

the CCHP unit, and a macro grid to which the micro grid can be connected to, and the

heating energy is supplied by and in a priority order of the CCHP unit and the ordinary

heating supply device; and

wherein the operation mode of the CCHP unit is determined based on matching

relationship between thermal demand and electricity demand.

11. The system according to Claim 9 or 10, wherein in the planned island mode,

the electricity is supplied by and in a priority order of the renewable energy supply

device, the CCHP unit and the storage battery, and the heating energy is supplied by and

in a priority order of the CCHP unit and the ordinary heating supply device, and

wherein the CCHP unit works in a mode in which supplied heating energy is

determined by electricity.

12. The system according to any of Claims 9 to 11, wherein in the unplanned

island mode, the electricity load is adjusted based on scheduled shift-in and shift-out

electricity load,

wherein the electricity is supplied by and in an order of the renewable energy

supply device, the CCHP unit and the storage battery; and the heating energy is supplied

by and in a priority order of the CCHP unit and the ordinary heating supply device, and

wherein the CCHP unit works in a mode in which supplied heating energy is

determined by electricity.



13. The system according to Claim 8, wherein the cooling & electricity

coordinated daily schedule process is configured to determine a strategy of scheduling

heating & electricity supply based on whether the micro-grid operates in a grid-

connected mode or a planned island mode within each time interval of the scheduling

period, determine the required continuous ice-making hours for a possible cooling

demand gap, reschedule possible unsatisfied electricity load to one or more other time

intervals in the scheduling period, and apply an unplanned island mode to a time

interval if a unplanned island event occurs within this time interval.

14. The system according to Claim 13, wherein in the grid-connected mode, the

electricity is supplied by and in a priority order of the renewable energy, the CCHP unit

and the macro grid, and the cooling energy is supplied by and in a priority order of

remaining renewable energy after supplying electric loads, the CCHP unit while

supplying the electric loads, the CCHP unit while driving the ice-storage air-conditioner,

the macro grid for driving the ice-storage air-conditioner and the ordinary air-

conditioner, and

wherein the operation mode of the CCHP unit is determined based on matching

relationship between thermal demand and electricity demand.

15. The system according to Claim 13 or 14, wherein in the planned island

mode, the electricity is supplied by and in a priority order of the renewable energy, the

CCHP unit and the battery storage, and the cooling energy is supplied by and in a

priority order of remaining renewable energy after supplying electric loads, the CCHP

unit while supplying the electric loads, the CCHP unit while driving the ice-storage air-

conditioner; and

wherein the CCHP unit works in a mode in which supplied cooling energy is

determined by electricity and the battery storage is used when there is no electricity

available for ice-making.

16. The system according to any of Claims 13 to 15, wherein in the unplanned

island mode, if it is in a valley-time period, reduced amount of stored cooling energy of

the ice-storage air-conditioner is rescheduled to one or more following ice-melting time



intervals; if it is off-valley time, the ice-melting of the ice-storage air-conditioner is

limited to an originally scheduled value;

wherein the electricity is supplied by and in a priority order of the renewable

energy, the CCHP unit and the battery storage, the cooling energy is supplied by and in

the priority order of remaining renewable energy after supplying electric loads, the

CCHP unit while supplying the electric loads, the CCHP unit while driving the ice-

storage air-conditioner; and

wherein the CCHP unit works in a mode in which supplied cooling energy is

determined by the electricity and the battery storage is used when there is no electricity

available for ice-making.

17. The system according to any of Claims 1 to 16, wherein the device capacity

determination process is performed by means of a multiple-objective particle swarm

optimization algorithm, and the number or capacity of the multi-types energy supplying

device are selected as particles of the multiple-objective particle swarm optimization

algorithm.

18. A method for capacity determination for a micro grid, wherein the micro

grid comprises multi-type energy supply devices to provide both electricity and thermal

energy, the method comprising:

performing, a device capacity determination process for minimizing both

annual integrated cost for the micro grid and annual energy outage cost, under

constraints on electricity supply/demand balance and thermal energy supply/demand

balance, and operation constraints on the multi-type energy supply devices, to determine

respective numbers or capacities of the multi-type energy supply devices.

19. The method according to Clam 18, wherein the micro grid comprises a

renewable energy supply device, a battery storage, an ice-storage air-conditioner, a

combined cooling, heating and power CCHP unit, an ordinary air-conditioning device,

and an ordinary heating supply device.

20. The method according to Claim 19, wherein the annual integrated cost for

the micro grid comprises annual device investment cost, annual device operation cost,



annual device maintenance cost and annual pollutant treatment cost, and the annual

energy outage cost comprises cost for electricity outage and cost for thermal energy

outage.

21. The method according to Claim 19 or 20, wherein the operation constraints

on the multi-type energy supply devices comprise operation constraints on the CCHP

unit including at least one of:

an electricity output efficiency model for the CCHP unit;

an electricity output and cooling output relationship model for the CCHP unit;

and

relationship between consumed gas volume and the electricity output and the

electricity output efficiency of the CCHP unit.

22. The method according to any of Claims 19 to 21, wherein the operation

constraints on the multi-type energy supply devices comprise operation constraints on

the ice-storage air-conditioner including at least one of

an operation model of the ice-storage air-conditioner in air-conditioning mode,

an operation model of the ice-storage air-conditioner in ice-making mode,

an operation model of the ice-storage air-conditioner in ice-melting mode,

an operation model of the ice-storage air-conditioner in ice-melting & air-

conditioning mode, and

an operation model of ice-storage tank of the ice-storage air-conditioner.

23. The method according to any of Claims 18 to 22, wherein the device

capacity determination process is performed further under at least one of:

annual utilization limit of renewable energy;

annual discard limit of the renewable energy;

upper and/or lower limits for the respective numbers or capacity of the multi-

type energy supply devices; and

upper and/or lower limits for electricity exchanged between the micro grid and

a macro grid which the micro-grid can be connected.

24. The method according to any of Claims 19 to 23, wherein an optimal



energy scheduling process is pre-performed by determining operation priorities of the

multi-type energy supply devices and an operation mode of the CCHP unit at each time

interval in a scheduling period based on matching relationship between thermal demand

and electricity demand and operation scenarios of the micro grid with an aim of

minimizing integrated cost and energy outage cost while keeping the electricity

supply/demand balance and the thermal energy supply/demand balance.

25. The method according to any of Claim 24, wherein the thermal energy

comprises the cooling energy and heating energy, wherein the optimal energy

scheduling process comprises a heating & electricity coordinated daily schedule process

and a cooling & electricity coordinated daily schedule process.

26. The method according to Claim 25, wherein the heating & electricity

coordinated daily schedule process is configured to determine a strategy of scheduling

heating & electricity supply based on whether the micro-grid operates in a grid-

connected mode or a planned island mode within each time interval of the scheduling

period, and reschedule possible unsatisfied electricity load to one or more other time

interval of the scheduling period, and apply an unplanned island mode to a time interval

if a unplanned island event occurs within this time interval.

27. The method according to Claim 26, wherein in the grid-connected mode,

the electricity is supplied by and in a priority order of the renewable energy supply

device, the CCHP unit, and a macro grid to which the micro grid can be connected to,

and the heating energy is supplied by and in a priority order of the CCHP unit and the

ordinary heating supply device; and

wherein the operation mode of the CCHP unit is determined based on matching

relationship between thermal demand and electricity demand.

28. The method according to Claim 26 or 27, wherein in the planned island

mode, the electricity is supplied by and in a priority order of the renewable energy

supply device, the CCHP unit and the storage battery, and the heating energy is supplied

by and in a priority order of the CCHP unit and the ordinary heating supply device, and

wherein the CCHP unit works in a mode in which supplied heating energy is



determined by electricity.

29. The method according to any of Claims 26 to 28, wherein in the unplanned

island mode, the electricity load is adjusted based on scheduled shift-in and shift-out

electricity load,

wherein the electricity is supplied by and in an order of the renewable energy

supply device, the CCHP unit and the storage battery; and the heating energy is supplied

by and in a priority order of the CCHP unit and the ordinary heating supply device, and

wherein the CCHP unit works in a mode in which supplied heating energy is

determined by electricity.

30. The method according to Claim 25, wherein the cooling & electricity

coordinated daily schedule process is configured to determine a strategy of scheduling

heating & electricity supply based on whether the micro-grid operates in a grid-

connected mode or a planned island mode within each time interval of the scheduling

period, determine the required continuous ice-making hours for a possible cooling

demand gap, reschedule possible unsatisfied electricity load to one or more other time

intervals in the scheduling period, and apply an unplanned island mode to a time

interval if a unplanned island event occurs within this time interval.

31. The system according to Claim 30, wherein in the grid-connected mode, the

electricity is supplied by and in a priority order of the renewable energy, the CCHP unit

and the macro grid, and the cooling energy is supplied by and in a priority order of

remaining renewable energy after supplying electric loads, the CCHP unit while

supplying the electric loads, the CCHP unit while driving the ice-storage air-conditioner,

the macro grid for driving the ice-storage air-conditioner and the ordinary air-

conditioner, and

wherein the operation mode of the CCHP unit is determined based on matching

relationship between thermal demand and electricity demand.

32. The system according to Claim 30 or 31, wherein in the planned island

mode, the electricity is supplied by and in a priority order of the renewable energy, the

CCHP unit and the battery storage, and the cooling energy is supplied by and in a



priority order of remaining renewable energy after supplying electric loads, the CCHP

unit while supplying the electric loads, the CCHP unit while driving the ice-storage air-

conditioner; and

wherein the CCHP unit works in a mode in which supplied cooling energy is

deteraiined by electricity and the battery storage is used when there is no electricity

available for ice-making.

33. The method according to any of Claims 20 to 32 , wherein in the

unplanned island mode, if it is in a valley-time period, reduced amount of stored cooling

energy of the ice-storage air-conditioner is rescheduled to one or more following ice-

melting time intervals; if it is off-valley time, the ice-melting of the ice-storage air-

conditioner is limited to an originally scheduled value;

wherein the electricity is supplied by and in a priority order of the renewable

energy, the CCHP unit and the battery storage, the cooling energy is supplied by and in

the priority order of remaining renewable energy after supplying electric loads, the

CCHP unit while supplying the electric loads, the CCHP unit while driving the ice-

storage air-conditioner; and

wherein the CCHP unit works in a mode in which supplied cooling energy is

determined by the electricity and the battery storage is used when there is no electricity

available for ice-making.

34. The method according to any of Claims 18 to 33 wherein the device

capacity determination process is performed by means of a multiple-objective particle

swarm optimization algorithm, and the number or capacity of the multi-types energy

supplying device are selected as particles of the multiple-objective particle swarm

optimization algorithm.

35. An apparatus for capacity determination for a micro grid, wherein the

micro grid comprises multi-type energy supply devices to provide both electricity and

thermal energy, the apparatus comprising:

means for performing, a device capacity determination process for minimizing

both annual integrated cost for the micro grid and annual energy outage cost, under

constraints on electricity supply/demand balance and thermal energy supply/demand



balance, and operation constraints on the multi-type energy supply devices, to determine

respective numbers or capacities of the multi-type energy supply devices.

36. An apparatus for integrated multi-energy scheduling in a micro-grid,

wherein the micro grid comprises multi-type energy supply devices to provide both

electricity and thermal energy, the apparatus comprising:

a process performing module configured to perform, a device capacity

determination process for minimizing both annual integrated cost for the micro grid and

annual energy outage cost, under constraints on electricity supply/demand balance and

thermal energy supply/demand balance, and operation constraints on the multi-type

energy supply devices, to determine respective numbers or capacities of the multi-type

energy supply devices.

37. A tangible computer-readable medium having a plurality of instructions

executable by a processor to schedule multi-energy in a micro-grid, the tangible

computer-readable medium comprises instructions configured to perform steps of the

method according to any one for claims 18 to 34.
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