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Problem Description Results
AbStract « Tested using IEEE 13 node test feeder
Despite the long distance power transmission capabili- Objective Functions Constraints « With contingency, an extra generator is installed at node
ties, there are some remote communities in Alaska and A Technology Investment e Capital costs of building / e Investment of technology to 652
Hawaii that are not connected to these systems. These Decisions placing technology nodes. . « SBD using Lazy callback seems to be an efficient
communities rely on small, disconnected distribution sys- v’ Battery * Capacity Constraints algorithm
tems, i.e., microgrids to deliver power. More importantly, ¥ Generator
perhaps, there is a general trend to support microgrid v Inverter * 650
development within large transmission systems for eco-
nomic, environmental, and reliability reasons. However, * Power flow physics GAG 645 632 633 634
microgrids are not held to same reliability standards as * Thermal limits ° y ’ ° °
transmission grids and can place many communities at * Voltage lim.its.
risk for extended black-outs. To address this issue, we Couplin.g : Generator lnplts . 611 634 671 692 675
develop an optimization model and algorithm for capac- B Constraints (N - 1) e - .
ity planning and operations of microgrids that includes . i’gs;;:;)innttlsngency ramping
N-1 security and other modeling features. The effective- . Enerov efficien . c1
_ , gy erriciency curves 5652 | 00
ness of the approach is demonstrated using the IEEE 13 a2
node test feeder and a model of the Nome, Alaska distri- l Solution Time
bution system. - i
i | e Minimum amount of up ~ Complete model - Using SBD Algorithm
Off_grld Micrggrids B | time and down time aonl : 1
e Battery state of charge at z 1 : Z 4,000 |
A network of distributed energy resources (DER) that consist e ] g 1,200 g 3,000 | %
of small power generating devices like diesel generators, small e Ramp-up and ramp-down < 800 g 2,000
hydro-electric power stations, wind turbines and/or power constraints for generators T 400 T 1000
storing devices (e.g. batteries) that supply and store power = g 1HO X : 150 135 50 11

to remote communities and are not connected to the national Design Horizon Design Horizon
orid are known as off-grid microgrids.

Relaxation, Approximation and Algorit hm Using SBD Algorithm and Lazy Cuts Complete v/s SBD v/s SBD + Lazy
4,000 . )
\ B 1,600 3
[ ) [ ) [} [ ] [ ) [} [ ] [ ) [} % L 3 ’_;
N . g \ Thermal Limit Constraints Piecewise Linearization for Efficiency Curves = 500 = 1900
uilding/hotel facilities ° _"I: L ’ ‘ O Wind turbine - é é S
T - - SIS S f(P,Q) = (Pyjs)’ + (Qije) — (Ty)’ <0Vije & teT for all & € number of pieces g PRI F
|| ——— | < : : L g . = 1,000 - =
AT & cicube The above quadratic constraints are applied in a lazy Fout < fx(Pin, Lo) H WrAs M oz, s
p ‘:*}: — = ‘ == :’usrg;(:y energy storage ) ) g 2 g % 7 m A
T == 7= B fashion using Lazy Callbacks end 5 10 15 20 50 96 c1 o2 CHB CHAL
= = e P S Lazy Cuts Design Horizon Design Horizon
= Colcube dicrors 0 Q§ Alaskan Microgrids Distflow v/s
_________ N Solution LinDistflow
Yy o Using SBD Algorithm and Lazy Cuts CPLEX v/s KNITRO
Source: http://energy.gildemeister.com/en/utilise/off-gridsolutions | | i S — |
3,000 S ICPLEXIKNITRO
Research Methods _ _ p . Fin e e ¢l
"""""""""""" rated S 2,000 s
- Formulate matahematical formulation for planning and for all solver iterations, 7. with value P; and Q; E 1000 £
operation of remote offgrid microgrids F(P, Q) . H S 20
. ) B B Z @ O
. . . it —— > tolerance 0 15 90 20 50 0
= Develop relaxations, approximations and algorithms to (T;)2 = 510 15 20 30 50 06 [EEE-13 Nome
solve problem faster / / e oo Network Rame
P f(B, Qi) + (P — P)(f (P)) + (@ — Qi)(f(Q:)) =0
= Test the model on standard TEEE-13 node test feeder end if Future Work
« Implement the model on a real network end

= 'To solve multiple days problem
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