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CLAIMS 

 

1. A multi-timescale coordinated optimization scheduling method for an electrical 

power system including a plurality of distributed energy resources (DERs), the method 

comprising: 

performing, via cloud computing, long-timescale optimization scheduling for 

the electrical power system based at least on forecast data to obtain long-

timescale operation planning data; 

determining if the long-timescale operation planning data is available; 

performing, via edge computing, mid-timescale optimization scheduling for 

the electrical power system by solving a first optimization problem based on the 

long-timescale operation planning data and measured data of the plurality of DERs 

to obtain mid-timescale operation planning data when it is determined that the 

long-timescale operation planning data is available;  

performing, via edge computing, the mid-timescale optimization scheduling 

for the electrical power system by solving a second optimization problem based 

on forecast data and the measured data of the plurality of DERs to obtain the mid-

timescale operation planning data when it is determined that the long-timescale 

operation planning data is not available, the second optimization problem is 

different from the first optimization problem; and 

performing, via edge computing, at least close to real-time optimization 

scheduling for the electrical power system based on the mid-timescale operation 

planning data, the measured data of the plurality of DERs and grid signals of the 

electrical power system to obtain short-timescale power setpoints for the plurality 

of DERs; 

wherein the long-timescale is a first timescale that is longer than the mid-

timescale, the mid-timescale is a second timescale that is longer than the short-

timescale, and the short-timescale is a third timescale that is shortest of the first 

timescale, the second timescale and the third timescale. 

 

2. The multi-timescale coordinated optimization scheduling method according to 

Claim 1, wherein 
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the first optimization problem is defined by: 

 

𝑄𝑈𝐺,𝐸 + 𝑄𝑈𝐺,𝑢𝑛𝑐 + ∑ (𝒊∈𝐄𝐒 𝑄𝐸𝑆,𝑐𝑦𝑐
𝑖 + 𝑄𝐸𝑆,𝑑𝑒𝑣

𝑖 ) + ∑ 𝑄𝐶𝑃𝑉,𝑝𝑒𝑛
𝑖

𝒊∈𝐂𝐏𝐕 + ∑ 𝑄𝐶𝐿,𝑐𝑢𝑟
𝑖

𝒊∈𝐂𝐋 +

∑  (𝑖∈𝐆𝐓 𝑄𝐺𝑇,𝐺
𝑖 + 𝑄𝐺𝑇,𝑟𝑒𝑓

𝑖 ), 

 
 

and the second optimization problem is defined by: 

 

𝑄𝑈𝐺,𝐸 + 𝑄𝑈𝐺,𝑢𝑛𝑐 + ∑ (
𝒊∈𝐄𝐒

𝑄𝐸𝑆,𝑐𝑦𝑐
𝑖 − 𝑄𝐸𝑆,𝐹𝑅

𝑖 ) + ∑ 𝑄𝐶𝑃𝑉,𝑝𝑒𝑛
𝑖

𝒊∈𝐂𝐏𝐕
+ ∑ 𝑄𝐶𝐿,𝑐𝑢𝑟

𝑖

𝒊∈𝐂𝐋

+ ∑  (
𝑖∈𝐆𝐓

𝑄𝐺𝑇,𝐺
𝑖 + 𝑄𝐺𝑇,𝑆𝑈

𝑖 ) 

 
wherein 

𝑄𝑈𝐺,𝐸 is an energy procurement cost; 

𝑄𝑈𝐺,𝑢𝑛𝑐 is an uncontracted capacity cost; 

𝑄𝐶𝑃𝑉,𝑝𝑒𝑛
𝑖  is a curtailable photovoltaic (CPV) penalty cost; 

𝑄𝐶𝐿,𝑐𝑢𝑟
𝑖  is a controllable load (CL) curtailment cost; 

𝑄𝐸𝑆,𝑐𝑦𝑐
𝑖  is a battery energy storage system (BESS) cycling aging cost; 

𝑄𝐸𝑆,𝐹𝑅
𝑖  is a BESS regulation capacity revenue; 

𝑄𝐸𝑆,𝑑𝑒𝑣
𝑖  is a BESS cost of deviation from engine charging/discharging 

power references for long-timescale optimization scheduling; 

𝑄𝐺𝑇,𝐺
𝑖  is a gas turbine (GT) operation cost; 

𝑄𝐺𝑇,𝑆𝑈
𝑖  is a GT startup cost; and 

𝑄𝐺𝑇,𝑟𝑒𝑓
𝑖  is a GT cost of deviation from engine power references for long-

timescale optimization scheduling. 

 

3. The multi-timescale coordinated optimization scheduling method according to 

Claim 1 or Claim 2, further comprising:  

obtaining interpolated long-timescale operation planning data based on the 

long-timescale operation planning data; and 

wherein performing, via edge computing, mid-timescale optimization 

scheduling for the electrical power system by solving a first optimization problem 
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based on the long-timescale operation planning data and measured data of the 

plurality of DERs to obtain mid-timescale operation planning data comprises 

performing, via edge computing, the mid-timescale optimization scheduling 

for the electrical power system by solving the first optimization problem based on 

the interpolated long-timescale operation planning data, and the measured data 

of the plurality of DERs to obtain the mid-timescale operation planning data. 

 

4. The multi-timescale coordinated optimization scheduling method according to 

Claim 3, further comprising: 

obtaining interpolated forecast data based on the forecast data; and 

obtaining blended forecast data based on the interpolated forecast data and 

the measured data of the plurality of DERs; and 

wherein performing, via edge computing, the mid-timescale optimization 

scheduling for the electrical power system by solving the first optimization problem 

based on the interpolated long-timescale operation planning data and the 

measured data of the plurality of DERs to obtain the mid-timescale operation 

planning data comprises 

performing, via edge computing, the mid-timescale optimization scheduling 

for the electrical power system by solving the first optimization problem based on 

the interpolated long-timescale operation planning data, the blended forecast data 

and the measured data of the plurality of DERs to obtain the mid-timescale 

operation planning data. 

 

5. The multi-timescale coordinated optimization scheduling method according to 

Claim 4, wherein obtaining at least one of the interpolated forecast data and the 

interpolated long-timescale operation planning data is performed asynchronously from 

the mid-timescale optimization scheduling. 

 

6. The multi-timescale coordinated optimization scheduling method according to any 

one of the preceding claims, wherein performing the mid-timescale optimization 

scheduling comprises performing Model Predictive Control (MPC)-based mid-timescale 

optimization scheduling. 
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7. The multi-timescale coordinated optimization scheduling method according to any 

one of the preceding claims, wherein the long-timescale operation planning data 

comprises at least an hour-ahead planning data. 

 

8.  The multi-timescale coordinated optimization scheduling method according to 

Claim 8, wherein the mid-timescale operation planning data comprises at least a minute-

ahead operation planning data corresponding to the at least an hour-ahead planning 

data. 

 

9. The multi-timescale coordinated optimization scheduling method according to any 

one of the preceding claims, wherein the forecast data comprises at least one of price, 

load and renewable energy generation forecast data. 

 

10.  An electrical power system comprising: 

a plurality of distributed energy resources (DERs); and 

an energy management system comprising: 

a cloud computing-based long-timescale scheduler for long-timescale 

optimization scheduling of the electrical power system based on forecast data to 

obtain a long-timescale operation planning data; 

an edge computing-based mid-timescale scheduler for mid-timescale 

optimization scheduling of the electrical power system to obtain mid-timescale 

operation planning data, wherein  

the mid-timescale optimization scheduling is performed by solving a 

first optimization problem based on the long-timescale operation planning 

data and measured data of the plurality of DERs if it is determined that the 

long-timescale operation planning data is available;  

the mid-timescale optimization scheduling is performed by solving a 

second optimization problem based on forecast data and the measured 

data of the plurality of DERs if it is determined that the long-timescale 

operation planning data is not available, the second optimization problem is 

different from the first optimization problem; and 
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an edge computing-based real-time scheduler for at least close to real-time 

optimization scheduling of the electrical power system based on the the mid-

timescale operation planning data, the measured data of the plurality of DERs and 

grid signals of the electrical power system to obtain short-timescale power 

setpoints for the plurality of DERs; 

wherein the long-timescale is a first timescale that is longer than the mid-

timescale, the mid-timescale is a second timescale that is longer than the short-

timescale, and the short-timescale is a third timescale that is shortest of the first 

timescale, the second timescale and the third timescale. 

 

11. The electrical power system according to Claim 10, wherein 

the first optimization problem is defined by: 

 

𝑄𝑈𝐺,𝐸 + 𝑄𝑈𝐺,𝑢𝑛𝑐 + ∑ (𝒊∈𝐄𝐒 𝑄𝐸𝑆,𝑐𝑦𝑐
𝑖 + 𝑄𝐸𝑆,𝑑𝑒𝑣

𝑖 ) + ∑ 𝑄𝐶𝑃𝑉,𝑝𝑒𝑛
𝑖

𝒊∈𝐂𝐏𝐕 + ∑ 𝑄𝐶𝐿,𝑐𝑢𝑟
𝑖

𝒊∈𝐂𝐋 +

∑  (𝑖∈𝐆𝐓 𝑄𝐺𝑇,𝐺
𝑖 + 𝑄𝐺𝑇,𝑟𝑒𝑓

𝑖 ), 

 
 

and the second optimization problem is defined by: 

 

𝑄𝑈𝐺,𝐸 + 𝑄𝑈𝐺,𝑢𝑛𝑐 + ∑ (
𝒊∈𝐄𝐒

𝑄𝐸𝑆,𝑐𝑦𝑐
𝑖 − 𝑄𝐸𝑆,𝐹𝑅

𝑖 ) + ∑ 𝑄𝐶𝑃𝑉,𝑝𝑒𝑛
𝑖

𝒊∈𝐂𝐏𝐕
+ ∑ 𝑄𝐶𝐿,𝑐𝑢𝑟

𝑖

𝒊∈𝐂𝐋

+ ∑  (
𝑖∈𝐆𝐓

𝑄𝐺𝑇,𝐺
𝑖 + 𝑄𝐺𝑇,𝑆𝑈

𝑖 ) 

 
wherein 

𝑄𝑈𝐺,𝐸 is an energy procurement cost; 

𝑄𝑈𝐺,𝑢𝑛𝑐 is an uncontracted capacity cost; 

𝑄𝐶𝑃𝑉,𝑝𝑒𝑛
𝑖  is a curtailable photovoltaic (CPV) penalty cost; 

𝑄𝐶𝐿,𝑐𝑢𝑟
𝑖  is a controllable load (CL) curtailment cost; 

𝑄𝐸𝑆,𝑐𝑦𝑐
𝑖  is a battery energy storage system (BESS) cycling aging cost; 

𝑄𝐸𝑆,𝐹𝑅
𝑖  is a BESS regulation capacity revenue; 

𝑄𝐸𝑆,𝑑𝑒𝑣
𝑖  is a BESS cost of deviation from engine charging/discharging 

power references for long-timescale optimization scheduling; 

𝑄𝐺𝑇,𝐺
𝑖  is a gas turbine (GT) operation cost; 
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𝑄𝐺𝑇,𝑆𝑈
𝑖  is a GT startup cost; and 

𝑄𝐺𝑇,𝑟𝑒𝑓
𝑖  is a GT cost of deviation from engine power references for long-

timescale optimization scheduling. 

 

12. The electrical power system according to Claim 10 or Claim 11, further comprising:  

a data interpolator for obtaining interpolated long-timescale operation 

planning data based on the long-timescale operation planning data; and 

wherein performing the mid-timescale optimization scheduling  by solving 

the first optimization problem based on the long-timescale operation planning data 

and the measured data of the plurality of DERs if it is determined that the long-

timescale operation planning data is available comprises 

performing the mid-timescale optimization scheduling by solving the first 

optimization problem based on the interpolated long-timescale operation planning 

data, and the measured data of the plurality of DERs if it is determined that the 

long-timescale operation planning data is available. 

 

13. The electrical power system according to Claim 12, wherein:  

the data interpolator further obtains interpolated forecast data based on the 

forecast data; and 

wherein performing the mid-timescale optimization scheduling by solving 

the first optimization problem based on the interpolated long-timescale operation 

planning data and the measured data of the plurality of DERs if it is determined 

that the long-timescale operation planning data is available comprises 

performing the mid-timescale optimization scheduling by solving the first 

optimization problem based on the interpolated long-timescale operation planning 

data, the interpolated forecast data and the measured data of the plurality of DERs  

if it is determined that the long-timescale operation planning data is available. 

 

14. The electrical power system according to Claim 13, wherein the data interpolator 

obtains at least one of the interpolated forecast data and the interpolated long-timescale 

operation planning data asynchronously from the mid-timescale optimization scheduling. 
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15. The electrical power system according to any one of Claims 10-14, wherein the 

mid-timescale optimization scheduling comprises Model Predictive Control (MPC)-based 

mid-timescale optimization scheduling. 

 

 

16. The electrical power system according to any one of Claims 10-15, wherein the 

long-timescale operation planning data comprises at least one hour-ahead planning data. 

 

17.  The electrical power system according to Claim 17, wherein the mid-timescale 

operation planning data comprises at least a minute-ahead operation planning data 

corresponding to the at least one hour-ahead planning data. 

 

18. The electrical power system according to any one of Claims 10-17, wherein the 

forecast data comprises at least one of price, load and renewable energy generation 

forecast data. 

 

 


