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Motivation 
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 Systematic comparison of candidate technologies for 

the changing electrical energy industry 

 

 It is insufficient to invest into given technology without 

accessing its cumulative operational effects (efficiency, 

reliability and environmental impact) 



Traditional planning vs. future planning 

9th Annual Electric Power Industry Conference 

Pittsburgh PA, November 17-18, 2014 4 

Electricity load 

demand forecast 

reliability evaluation  

Generation planning 

Transmission planning Distribution planning 

Electricity load 

demand forecast 

reliability evaluation  

Generation planning 

Transmission planning Distribution planning 



Key planning concepts 
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 Inter-spatial coordination between the generation, 

transmission, distribution and the end users - distribute 

spatially dispersed consumer needs throughout the rest 

of the system 

 Inter-temporal coordination - coordinate costs over 

different time scale 

 Inter-contextual coordination - define who is optimizing 

at which level and what the objectives are 



Inter-spatial coordination  

9th Annual Electric Power Industry Conference 

Pittsburgh PA, November 17-18, 2014 6 

19.5 

13.2 

10.0 

GW 

t [h] 2920 5840 8760 

Load Duration Curve 

4.1 

GW 

t [h] 2920 5840 8760 

Load Duration Curve - Residential 

~20% residential 

3.3 

GW 

t [h] 2920 5840 8760 

Residential Load Duration Curve 

- Reduced 

20% reduction 

Load Duration Curve - Reduced GW 

18.7 

12.7 
9.6 

t [h] 2920 5840 8760 

4% reduction 

Assumptions: 

Average residential consumption 

   934 kWh per month 

Insulation cost 

   $2,500 per households 

2,339,743 household 

$5.85e9 Capital Cost 

815 MW Reduction 

Average residential consumption 

   1000 kWh per month 

2, 186,800  household 

$5.47e9 Capital Cost 



Interactive planning framework 
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Given:  (1) Today’s Energy System; (2) Projected Load Growth;  

            (3) Projected Fuel Price; (4) Projected Environmental Constraints  

Q1 

Q1: Will today’s power system 

meet reliability constraints?  

Q2: Are there possible new 

technologies to improve PMT? 

Q2 

Q3: Are there candidate 

technologies which would ensure 

reliability and improve PMT with 

corresponding constraints? 

Q3 

YES 

NO 

YES 

YES 

Stop 
NO Stop NO 

Interactive process between 

 system owners / operators  

and 

 candidate technology owners 

System owners / operators  

decision process Candidate technology 

 owners 

decision process 

Q4: Is reliability violated? 
Q4 

NO YES 

Optimal Technology  

CT* , ( PMT(CT)* ) 
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List candidate technologies to be assessed 

CT = 1, 2, …N 

Candidate technology CT; period Ts 

Define Performance Matrix  ( PMT (CT) ) 

Optimal Solution for Candidate Technology 

CT ( PMT(CT)* ) (location, capacity, etc.) 

CT=CT+1 

Store CT*, ( PMT(CT)* ) 

CT>

N 

Chose CT* with minimal ( PMT(CT)* ) 

NO 

YES 

CT=1 

Send to: “Q4: Is reliability violated?” 

From  

Main Input 
((1) Today’s Energy System; 

(2) Projected Load Growth;  

(3) Projected Fuel Price;  

(4) Projected Environmental Constr.) 

From  

Candidate technology owners 
   (available technologies) 

IPF: system operator decision process 
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IPF: candidate technology owner decision process 

Candidate technology(s) CT;  

period TCT; System S 

Define Performance Matrix  

( PMTj (S) ) 

Optimal Solution for Candidate Technology    

CT ( PMTj(S)* ) 

Decision to be 

available to the 

system 

Send to system owner  
(to update list of candidate technologies to be assessed)  

Combinations of 

Candidate Technologies 
From  

Main Input 
((1) Today’s Energy System; 

(2) Projected Load Growth;  

(3) Projected Fuel Price;  

(4) Projected Environmental Constr.) 

From “Q4: Is reliability violated?” 

YES 



Future work 
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 Who is optimizing, what and at which level? 

 What are the objectives? 

 What is the minimum set of information to support 

proposed algorithm? 



CWRU campus grid 
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Jointly owned and managed by Medical Center Company (MCCo) and CWRU 

facilities department 

100 kW wind 

60 kW solar 



Summary 

 Traditional planning, using only centralized power plant, will 

soon become obsolete as the new distributed energy 

resources become readily available  

 Different entities need to be inter-contextually, inter-

temporally and inter-spatially coordinated to enable 

maximum system performance 

 In order to reconcile the distributed sub-objectives of different 

decision makers with system-wide sustainability objectives, a 

new concept of distributed interactive planning is proposed  

 The proposed framework enables for the best technology to 

be selected and reduces a risk in the long-term planning 
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Questions? 

9th Annual Electric Power Industry Conference 

Pittsburgh PA, November 17-18, 2014 13 


