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Part 1: Data

e Pecan Street Research Dataport (https://dataport.pecanstreet.org/)

Our results are presented for the residential load and PV generation data obtained for the Mueller
community as of April 2015. We executed the query and exported data from the Pecan Street Data base
at April 13, 2015. To query the database, users must register online. Figure 1 illustrates the data query

process:
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Write query
> Execute query
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3 T T

Figure 1. A data access sequence diagram for the Pecan Street Database using a MySQL client

We use pgAdminlll (http://www.pgadmin.org/) as MySQL client to query the database.
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e Microgrid Load

a. Pecan Street Dataport Query

The query extracts the sum of the whole home consumption (sum(use) as sum_use) for a certain period
of time (localhour between 'YYYY-MM-DD'and ' YYYY-MM-DD ') as an aggregate function for the
single-family homes which participated in the Mueller microgrid (Energy Demonstration Project)
(program_energy_internet_demo = 'yes'). For convenience, the data is then grouped and ordered by
local hour.

SOL Query for the summer scenario:
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SELECT sum(grid) as sum_grid, sum(use) as sum_use, sum(use) - sum(grid) as sum_gen, localhour

FROM university.electricity_egauge_hours

WHERE (dataid IN (SELECT dataid FROM university.metadata WHERE
program_energy_internet_demo = 'yes") and (localhour between '2014-06-01" and '2014-08-31"))

group by localhour

order by localhour



SOQL Query for the winter scenario:

3 Query - postgres on

SELECT sum(grid) as sum_grid, sum(use) as sum_use, sum(use) - sum(grid) as sum_gen, localhour

FROM university.electricity _egauge _hours

WHERE

(dataid IN

group by localhour

order by localhour

(SELECT
program_energy_internet_demo = 'yes') and (localhour between '2014-12-01" and '2015-02-28"))

dataid FROM

b. Pecan Street Data Export to Microsoft Excel

Remember: The residential load data for summer and winter was created as the mean over all

For the daily loads in summer, open the .xIsx-file subquery summer(sum) in

Directory Part 1 - Data\Microgrid Load (Pecan Street)

ii. For the daily loads in winter, open the .xlsx-file subquery_winter(sum) in

Directory Part 1 - Data\Microgrid Load (Pecan Street)

hourly loads during the queried time span.
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e Microturbine Generation

To model the generation cost curve for the Centaur 50 gas turbine as a quadratic function a similar heat
rate curve in comparison to the Mercury 50 gas turbine was assumed. The cost function is plotted as
illustrated in the writer C50(MGT) in the .xIsx-file mueller_analysis in Directory Part 2 — Data

Analysis\Microgrid (Mueller)

Combustion Turbine Heat Rate & Cost Curves
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e PV Generation

As shown by the data queries, as of April 2015, 630 single-family homes including 256 house equipped
with roof-mounted PV systems at an average per-home size of 5.5 kWh (pv = ‘yes’) were selected for

the Energy Demonstration Project (program_energy internet_demo = ‘yes’).

Output pane Qutput pane

Data Qutput | Explain | Messages History Data Output | Explain | Messages History

dataid program_energy_internet_demo dataid program_energy_internet_demo |pv

smallint character varying smallint character varying character varying
611 7474 |yes 237 2046 ;'es ;’Ef’
612 E596|yes 238 7793 |yes ves
613 £995|yes 239 5726 |yes yes
614 4375|yes 240 2323 |yes ¥ye3
615 503 yesa 241 42946 yes ¥es
616 4473 |yes 242 499 yes ¥es
617 5809|yes 243 9647 |yes ves
618 7973 |yes 244 6691 | yes ¥E3s
619 5718 yes 245 6061 | yes yes
620 668 yes 246 7719|yes ¥ye3
621 994 yes 247 974 yes ¥es
622 3510|yes 248 236l |yes ¥Es
623 €460|yes 249 £995|yes ves
624 3310|yes 250 7973 |yes ¥E3s
625 9001 |yes 251 668 | yes yes
626 9333 yea 252 3310|yes yes
627 3126|yes 253 3126|yes yes
628 BB57|yes 254 8857 |yes yes
629 B248|yea 255 6248 yes yes
630 57439 |yes 256 5749 yes yes

oK. OK.



c. Solar Irradiation Data

The solar irradiation data was received from the National Solar Radiation Database of the National
Renewable Energy Laboratory (NREL). Average solar irradiation data was queried for Austin, Texas
for summer (Jun 1 - Aug 31, 2012) and winter (Dec 1, 2011 - Feb 28, 2012). The data can be downloaded

from

https://mapsbeta.nrel.gov/nsrdb-
viewer/#/?activeLayers=0&baselLayer=groad&mapCenter=30.300723217778742%2C-
97.61850357055664&z0omLevel=12

A backup can also be found in the Directory Part 1- Data\Solar irradiation (NREL).

d. Solar Irradiation Data Export to Microsoft Excel

The irradiation data is then exported to the .xIsx-file mueller_analysis in the Directory

Part 2 — Data Analysis\Microgrid (Mueller) and plotted for summer and winter.

o Net Renewable Electricity Usage and Storage Potential

The net renewable electricity usage in the Mueller Community was generated by comparing the total
demand from the residential loads with the potential PV generation during both summer and winter
days. The plotted figures are generated by the data imports using Excel. The figures can be found under
the writer P(Load) in the .xIsx-file mueller_analysis in the Directory Part 2 - Data

Analysis\Microgrid (Mueller) plotted for summer and winter.

Agaregate Load [MW] Aggregated PV Generation [MW]

HVC-190X(PV) | CSO(MGT) | Selar(rradiation) P(Pv_kw) | P(Load kW) | NREL winter | NREL summer (MENIEIN | Pecan winter || Pecan,
——
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e Utility Load

The utility load was obtained for a the weekly load profile in Chang et al. [CCC90] and plotted for a
single day period under the writer Daily Load in in the .xIsx-file utility_analysis in the Directory Part
2 - Data Analysis\Utility (Taipower).

1|t load_winter  load_summer

2 1 4950 7200

3 2 4750 6650

4 3 4650 6300

3 4 4700 6100

6 5 4300 6050

7 6 4900 6000

El 7 5050 6150

9 8 5600 6600

10 9 7100 7750

11 10 7700 8600

12 1 8000 9550 Utility Load [MW]
13 12 8200 10250 11500

14 13 7450 10000 10500

15 14 7350 9850

16 15 7950 10250 9500

17 16 8050 10400 a50

18 17 8100 10200 2

19 18 8200 9750 2 3500 —— load_winter
20 19 8100 9500 e load_summer
21 20 7600 9650

22 21 7250 9550 5500

23 22 6750 9350 4500

24 23 6350 8700 123 4 56 7 8 910111213 14 15 16 17 18 19 20 21 22 23 24
25 24 6000 2050 Time of Day

26 |IMAX 8200 10400

27 |MIN 4650 6000

28

29

30

31

32

34

35

36

37

38

39

Daily Load | AGU (MW) (O]




Part 2: Data Analysis

The generation profiles for the microgrid, utility and joint generation are plotted with Excel and can be
found in the .xIsx-file jointgen_analysis under the Directory Part 2 — Data Analysis\Joint Generation
(Interconnection).

Microgrid generation without storage for summer and jointgen_analysis

winter days (in MW) Spreadsheet: Microgrid
Microturbine generation with storage during summer jointgen_analysis
and winter days (in MW) Spreadsheet: Microgrid
Storage output during summer and winter days jointgen_analysis
(in MW) Spreadsheet: Microgrid

Aggregated thermal generation for summer and winter | jointgen_analysis

days (in MW) Spreadsheet: Utility

Joint generation without storage during summer days jointgen_analysis

(in MW) Spreadsheet: Joint(no_storage)
Joint generation without storage during winter days (in | jointgen_analysis

MW) Spreadsheet: Joint(no_storage)
Joint generation with storage during summer and jointgen_analysis

winter days (in MW) Spreadsheet: Joint(storage)
Storage output during summer and winter days jointgen_analysis

(in MW) Spreadsheet: Joint(storage)
Generation scenarios between Taipower and the jointgen_analysis

Mueller microgrid Spreadsheet: Coalition values

Coalition values and cost savings for Taipower and the | jointgen_analysis

Mueller microgrid Spreadsheet: Shapley Value




Part 3: Operations Research

Part 3.1: Microgrid Generation (No Storage) — CPLEX

Executive Software
o ILOG CPLEX Studio IDE 12.2 @ HPZ400
Code file in Part 3 - Operations Research\thesis mg_casel
o mg casel quadratic.mod
o casel summer.dat
o casel winter.dat
Description: This optimization algorithm minimizes the standalone generation cost of the
microgrid without storage for summer and winter.
Steps
o Step 1: Click the desktop "OPL IDE"

o Step 2: Expand thesis mg_casel by left-click
B 5 oo X R P

EBRA £EE ZEN) BSW BETR REW HEH)

cs ~ | |+B@® 2z $-0-F-Q-
[ OPLIE 53 . % s =& Y = O

> 22 No_aij b

. 23 PaM

> g9 portfolio (Portfolio Optimization, Quadratic Programming, Decompos

+ 122 Re-allocation

. 122 Re-allocation_2

» 22 reserve

s bo rewrite

> 22 scc0_utility

. 22 TBAMH_journal

. 22 TBAMH_journal_v2
s bo test

s bo test_main

4 |22 thesis_mg_casel

4@ EE1 (22
(& mg_casel_quadratic.mod : CPLEX
[ casel_winter.dat
mg_casel_new.mod : CPLEX
mg_casel_quadraticmod : CPLEX
mg_casel.mod : CPLEX
[T casel_summerdat

m

1

1

1

1

1

1

| [Z] casel_winter.dat

| = thesis_mg_case2

B 22 thesis_mgcase3_old(ramp)
- D thesiemmgeased(Sorageidgie m— = m——— - i

4 L 3
B EENAsE 12 . W- 85| 0 2HL [E~ =o

g
&R

uf

o Step 3: Select the model file mg_casel quadratic.mod and move it into the "Basic

configuration" subfolder.
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i & | |4 B@E 22z H-0-Fi~Q-ird~ | |¢B2B® iz 2 %-0-
[HOPLAE 53 s | 2%~ = 0| (@eesE g 3 mE| -
7 JointGeneration -~ T JointGeneration -
1+ 122 myFirstProject (OPL test project) 122 myFirstProject (OPL test project)
I bu Mao_aij & bo Mo_aij
b2 PEM b 2 PaM
b 2 portfolio (Portfolio Optimization, Quadratic Programming, Decompos b 59 portfolio (Portfolio Optimization, Quadratic Programming, Decompos
- 122 Re-allacation b 22 Re-allocation
» 122 Re-allacation_2 » 2 Re-allocation_2
3 'bo reserve 3 'bn reserve
2 rewrite [ bo rewrite
b2 scc0_utility b 22 scc0_utility
22 TBAMH_journal b2 TBAMH_journal
= TBAMH_journal_v2 [ 'bo TBAMH_journal_v2
b test b 12D test
[ 'bu test_main [ bo test_main
T Zthessmgeael T T T T T T T T T T T T LEBEsmgeser . T T T T T T TAa
4 @ ETEE o (@ EAEE 1
1 @ == =) disdiiskl_quadratic.mod : CPLEX JOEEL (s8E) | 15
@ mg_casel new.mod : CPLEX B @ mg_casel quadraticmed - CPLEX
|[E] mg_casel_quadraticmad : CPLEX] mg_casel_new.mod : CPLEX 1
L —@—ng:!asuhmgd:ﬁ\_:ﬁﬁ —— o — — - —@-mggcaml_qsedntlmod-CﬁbE‘h -—— e owm o d
@ casel_summer.dat = mg_casel.mod : CPLEX E
@ casel_winter.dat @ casel_summer.dat
P ) thesis_mg_case2 [T casel_winter.dat
1 22 thesis_mgcase3_old(ramp) 1 122 thesis_mg_case2
1> 22 thesis_mgcase3(storage&dg) L P ) thesis_mgcase3_old(ramp) i
4 1l 3 1 (1 3

o Step 4: Select the respective data file for summer casel _summer.dat or winter

casel_winter.dat and also move it into the "Basic configuration" subfolder.

BER |EE EEN) BSW BTR BEW =HH BRA SEEDH BEN F2WN ETR BEW HEH
mills | ¥ S|4 BEmiz 2z %-0-B-Q- i~ | |¢B2m iz 2
[HOPLIE &3 4 | 2%~ =0 [@eemEEs % e
17 JointGeneration - 127 JointGeneration -
1 122 myFirstProject (OPL test project) b 122 myFirstProject (OPL test project)
» 22 Mao_aij > 22 MNo_aij
b 22 PEM b PAM
» 2 portfolio (Portfolio Optimization, Quadratic Programming, Decompos » B2 portfolio (Portfolic Optimization, Quadratic Programming, Decompos
& 122 Re-sllacation - 2 Re-allocation
» 122 Re-allocation_2 » 2 Re-allocation_2
b 122 reserve b 2D reserve
22 rewrite b 2D rewrite
b 122 scc0_utility b 22 seco0_utility
& &2 TBAMH_journal b 22 TBAMH journal
& 22 TBAMH journal_v2 b 22 TBAMH journal v2
b D test b2 test
\>_IDU teswaig — b 22 test_main

——————— -y

| 2 120 thesis mg_casel

4 1= thesis_mg_casel

« @ FARE I 4 (O ETERE 1
40 BELe@ESmmerdat 40 EEL (8E2E) | 1
ﬂ mg_casel_quadratic.mod : CPLEX 1 1 1 mg_casel_quadratic.mod : CPLEX I
@ mg_casel_new.mod : CPLEX 1 L @! casel_summer.dat
mg_casel_guadraticmod | CPLEX 1 -ﬁ-mgzasér_nevmm e = - - |
mg_casel.mod : CPLEX £ mg_casel_quadratic.mod : CPLEX T
|2 casel_summer.dat| 1 [E] mg_casel.mod: CPLEX
— = el mnterdal = = — = = - [T casel_summer.dat
& 22 thesis_mg_case2 B [Z] casel_winter.dat
& 122 thesis_mgcase3_old{ramp) 8 =" thesis_mg_case2 I
a . . b < - . »

— = = —_—— — —

o Step 5: Execute the algorithm by right-click on the "Basic Configuration"

and left-click on the appearing "Run"-Button
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5 reserve
=

rewrite
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2 TBAMH_journal
=2 TBAMH journal v2
ED test

bu test_main

=2 thesis_mg_casel

AT T YTYTYTYYTYTYYT

b ETELT

e |

E= =
e 3
=HC) Ctrl+C
#(P) Ctrl+V
HED) Delete -
ESEN) F2
EAD b L
EL(0).. !
AZR) Alt+Enter

O Step 6: In the "Script Log" to view the results of algorithm

casel summer.dat

CEECERS L & v =0 T — =g
L JeintGeneration - 1/ -
b B3 myFirstProject (OPL test project) 2 % OPL 12.6.1.0 Model
b &2 No_aij 3 % Author: rpilling
b 22 PaM 4 % Creation Date: 20/04/2015 at 11:10:05 PM
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7//declare sets
&{string} DG = ;
9int NbPeriods

10range Periods = 1..NbPeriods;
11

12// declare microgrid input variables
12float A[DG]
14float B[DG]
15float C[DG]=
16float minpowerM[DG] = ..
17float maxpowerM[DG] = ..
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15float demandM[Periods] = .
20£fleat PVeut[Periods] = .

22// declare microgrid decision variables

23dvar float+ xM[DG] [Perioda];

24dvar int m([Periods] in 0..1;

25

26// ob3ective function (capacity)

27minimize

28 sum(k in DG, £ in Periods) (A[kI*(xM[k][t])*2 + BLkl*xM[k][t] + m[t]*C[k]};
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casel_winter.dat
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Part 111.2: Microgrid Generation (Storage) - CPLEX

e Executive Software
o ILOG CPLEX Studio IDE @ HPZ400
e Code file in Part 3 - Operations Research\thesis_mg_case2
o mg case2 quadratic.mod
o case2 summer(quadratic).dat
o case2 winter(quadratic).dat
e Description: This optimization algorithm minimizes the standalone generation cost of the
microgrid with storage for summer and winter.
e Steps
o Step 1: Click the desktop "OPL IDE"

o Step 2: Expand thesis mg_case2 by left-click
¥ s 1.0 LB P
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3 iDD rewrite
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o Step 3: Select the model file mg_case2 quadratic.mod and move it into the "Basic
configuration" subfolder. (compare with I11.1)

o Step 4: Select the data file for summer case2 summer(quadratic).dat or winter
case2 winter(quadratic).dat and also move it into the "Basic configuration"

subfolder. (compare with I11.1)



o Step 5: Execute the algorithm by right-click on the "Basic Configuration"

and left-click on the appearing "Run"-Button

O Step 6: In the "Script Log" to view the results of algorithm
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case2 winter(quadratic).dat
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Part 3.3: Utility Generation — CPLEX

e Executive Software
o ILOG CPLEX Studio IDE @ HPZ400
e Code file in Part 3 - Operations Research\scc90_utility
o scc90.mod
o scc90 summer.dat
o scc90 winter.dat
e Description: This optimization algorithm minimizes the standalone generation cost of the
utility for summer and winter.
e Steps
o Step 1: Click the desktop "OPL IDE"

o Step 2: Expand scc90_utility by left-click
i o106 coLEx P S

BER HEEH BEN #H2BW® ETR BEW =EH
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@ OPLIRE 32 ¥ s 9% ¥ = 0|
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s 22 reserve
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IA 22 sccB0_utility
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I [ scc90.mod : CPLEX 1
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I |

|
|

scc@0.mod : CPLEX
I [T scc20_summer.dat
[T sccB0_winter.dat
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. 22 TEAMH_journal_v2
> 150; test
+ 122 test_main
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m

. 22 thesis_mgcase3(storagedg) =

] 1 3

o Step 3: Select the model file scc90.mod and move it into the "Basic configuration"
subfolder. (compare with I11.1)

o Step 4: Select the data file for summer scc90_summer.dat or winter
scc90_winter.dat and also move it into the "Basic configuration" subfolder.

(compare with I11.1)



o Step 5: Execute the algorithm by right-click on the "Basic Configuration"
and left-click on the appearing "Run"-Button
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o Step 6: In the "Script Log" to view the results of algorithm
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scc90_ winter.dat
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Part 3.4: Joint Generation (No Storage) - CPLEX

Executive Software
o ILOG CPLEX Studio IDE @ HPZ400
e (ode file in Part 3 - Operations Research\joint_scc(nostorage)
o joint quadratic nostorage.mod
o joint_summer(sum).dat
o joint winter(sum).dat
e Description: This optimization algorithm minimizes the joint generation cost of the
microgrid and the utility without storage for summer and winter.
e Steps
o Step 1: Click the desktop "OPL IDE"

o Step 2: Expand joint_scc(nostorage) by left-click
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o Step 3: Select the model file joint_quadratic_nostorage.mod and move it into the
"Basic configuration" subfolder. (compare with I11.1)

o Step 4: Select the data file for summer joint summer(sum).dat or winter
joint_winter(sum).dat and also move it into the "Basic configuration" subfolder.

(compare with I11.1)



o Step 5: Execute the algorithm by right-click on the "Basic Configuration"

and left-click on the appearing "Run"-Button
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o Step 6: In the "Script Log" to view the results of algorithm
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joint_winter(sum).dat
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Part 3.5: Joint Generation (Storage) — CPLEX

e Executive Software
o ILOG CPLEX Studio IDE @ HPZ400
e (ode file in Part 3 - Operations Research\joint_scc(nostorage)
o joint quadratic storage.mod
o joint summer storage.dat
o joint winter storage.dat
e Description: This optimization algorithm minimizes the joint generation cost of the
microgrid and the utility without storage for summer and winter.
e Steps
o Step 1: Click the desktop "OPL IDE"
o Step 2: Expand joint scc(storage) by left-click
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o Step 3: Select the model file joint_quadratic_nostorage.mod and move it into the

"Basic configuration" subfolder. (compare with I11.1)



o Step 4: Select the data file for summer joint summer_storage.dat or winter
joint_winter_storage.dat and also move it into the "Basic configuration" subfolder.

(compare with I11.1)
o Step 5: Execute the algorithm by right-click on the "Basic Configuration"

and left-click on the appearing "Run"-Button.
o Step 6: In the "Script Log" to view the results of algorithm
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