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Goal and Scope

O Goal

B [Estimation of the grid electricity cost for renewable
energy penetration to college campuses
O Scope
B HOMER simulation by estimated load profile

B Seclection of most effective renewable system
configuration

B (Calculation of the portion of the renewables
B Sensitivity analysis on Grid Electricity Price

B Additionally, capital cost of the renewable sources




Campus Load Profile

[0 Available data: Real time measurement and
display of the Campus A|LHH2IALR i
oenaxe 4 2 1 2

R
AR 44713

HI
B 18513

11:00 pm Jan 24, 2013
Ref) http://kugc.korea.ac.kr/

O Average Power Demand = 10,435 kW
O Peak Power Demand = 15,637 kW




Campus Load Profile

Load type: & AC & DC

Label IF'rimar_l,l Load 1

Bazeline data

Data saurce: & Enter daily profilefs] ¢ Import time series data file Irnport File... |

tdanth IJanuar_u TI

10000 Daily Profile
' l IIIII’IHI- III” lIII‘I II"' | | IIIIIII || IIIIIIIIIIHI IIIII II-.I’I /]
Day type IWEEkda.'r' vI _ =000 . P ' "|| " y II|1| I F Ilf
=4 7]
How | Load(kw] | «| £ e.000 S ’
03:00 - 04:00 A00.000 - 2,000 O
04:00 - 05:00 A00.000 o
05:00 - 06:00 1,000.000 24
0&:00 - 07:00| 2.000.000 Hour
07:00 - 08:00| 4.000.000 18,000 Seasonal Profile
03:00 - 09:00 6,000.000 '|' e
03.00-10:00| 8000000 g 12000 | [ L] [ 1 ¢ | | daily high
10.00-11:00) 9000000 = 5000 mesn
11:00 - 12:00 10,000.000 E daily low
12:00-1%00) 9.800.000 Sl i
13:00 - 14:00 10,000.000 ﬂ (i = |
Jan Feb Mar Apr May  Jun Jul Aug Sep Ot Mow Dec  Ann
R andorm vvariability

Day-to-day 14 3 Bazeline | Scaled ET—— I
. . - 143.001 143,001

Time-step-ta-time-ztep I 10 % _Average [Kwh/d) - -

Average [k h.953 5,958 S | — |
Peak ki) 15,445 15445 e AR
Scaled annual average (Kwhd) I 143001 il [T 0306 0386 Hem | - | I—IEIK




Site Information

[0 Location:

Main campus of Korea
University (Seoul)

B [atitude : 37.5846
B [ongitude : 127.02538

B SWERA:
Solar & Wind data




HOMER Input for Solar Radiation

[0 Solar data

Location

Latitude a7 89 & MWoth € South  Time zone

Langituds E R I— ' East O west |[GMT+EIEI:EIEI]Japan, Morth Korea, South Korea j
Data source: % Enter monthly averages € Import time senes data file Get Data Via Internet

Bazeline data

Marth Clearnesz | Daily Badiation - Global Horizontal Radiation o
Index [kwh/m2/d) | = '
January 2.830 =5 _ s
February 2,700 E _ ]
tarch 4.450 £ 4 I o TR ki
Apri 5420 T i u " [*% %
bl ay 5.600 < ™ _f_,..--"" B
June 45970 T LA 04 &
July 3.930 = &
August 4.140 4] 0.2
September 0475 4.040
Dctober 0.335 3480 U jan Feb Mar Apr My Jun " Jul Aup Sep Oct Nov Deo |-
an Fe ar Apr May Jun Jul Aug Sep ov Dec

EDVEH‘IEE[ ggg: i;gg Daily Radiation == Clearness Index

ecember . .
Average: 0.435 3.994 = | Export...

Scaled annual average [Kwh/midd) 3.98 M Help | Cancel | akK |




HOMER Input for Wind Speed

0 Wind data

Baszeline data

kanth e Spere = Wind Resource
[rn<] -
1] _ —

Januarny 4.030 E4T T —
Fehruarn 4130 T3,
March 4120 :.%‘E-
April 4170 T N
b ay 3750 =
Jure 3230 o Jan  Feb Mar  Apr May Jun  Jul Aug Sep ©Oct Mov Dec
July 3270
August 3090 Other parameters Advanced parameters

September 3.000 Altitude [m above sea level] 0 wheibul k. | 2

October 3.140 Anemorneter height [m) alll Autacorrelation factor | 0.5

M ovemnber 2,700
December 3.980 Yariation With Height... | Diurnal pattern strength | 0.25
Annual average: 3644 Hour aof peak, windzpeed | 15

Scaled annual average [m/s) 3.BD ﬂ Flat. . | Ezport... |
Help | Cancel | ] |




HOMER Input for Grid

O Grid power price : $0.8/kWh

0 Sellback rate : $0.25/kWh
<E3 2-2» "G A4 &F L F371E 75 HFE(E/KWh)

alwl || 159 434.52 462 .69 436.50 414.68 349.20

1 A 20 439.56 419.76 396.00 376.20 316.80
Tlnaz| 154 | 53297 508.96 480.15
28 || 204 483.52 461.74 435.60

<HEF 2-3> A=W 7V|EHE e E(ALE A84Y)

(891 : W/AKWh)

3RS ) TEAR

AAALDI AL %9 T e e eTE
20103 103.04 21405 257.87
2011 10095 ) X763 25013

Ref) 471 8%, 2013, sF=t4 &

Ref) A7 ol #] o] & L9 e 7]

FN

747 A7), 2010, A4 B AR




HOMER Input for Cost

O Capital + O&M costs

B Photovoltaic $5000 /kW
B Wind $8000 /kW
B Battery $400 /kW
B Fuel Cell (Electrolyzer + Hydrogen Tank) $8000 /kW
B Converter $0 /kW

cf ) Converter costs are included with the sources

O Sensitivity Analysis values

B Grid power price : 0.4 0.8 1.0 2.0 3.0 4.0 5.0
[$/kWh]




Optimal Configuration

Equipment ko congider
[0 Grid alone 1s found to be the best Bl

Hydrogen tank

B Under any and every condition 7
Electrolyzer P
GE 1.5:

—» 2| e

Primary Laad 1 Fuel Cel
143 Mywhid
15 kW peak
Ginid
Corveerter S4kS25F
AL DC
Sensitivity Results | Optimization Results |
Double click on a systemn below for optimization results,
Hate W_. » Py | T.hsl| FC|sdksdAH Cony, |Elec.|HE Tank]  (Grid Initial perating | otal CUE | Hen, |apacity
Price ($/kWh) S A6 I Ve Eﬂ‘ CleWiy (i CWY [ Ol | Chgd | Chdy Capital | Cost ($49r) MPC BAMWhHY Frac, |shorta, )
0,040 if_“ 1000 $1.000 318,930 $3.653.096 0040 000 0,95
0,500 if_" 1000 $1.000 3986619 $45727204 0600 000 0,95
1,000 if: 1000 $1.000 7973238 $91.453405 1,000 000 095
2000 if_‘ 1000 $1.000 1594647 $182.8905,., 2000 000 095
3.000 'Jf_‘ 1000 $1.000 2399ME $2d.h4,... 3000 000 095
4,000 if_‘ 1000 $1.000 31.892.950 9§ 365810, 4,000 000 095
E.000 if_‘ 1000 $1.000 39.866.184 $457.263... L0000 000 095
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Optimal Configuration

(optimization analysis)

Sensitivity Results  Optimization Results ]

sensitivity variables

Rate "2 Pawer Price ($/kwh) -

Double click on & systern below for

1w lsmE dan | " din [P R 6 e G | Gera [ cdnn ] NRE |gidmd e shera) dre)
T 1000 §1000 318330 $3650.0% [00d0] 000 0.5
1 =] % 0., 00 $577000 66255 4800859 (0052 000 0.5
1L 2m .10 1000 $40007.. 30027 $43569%8 04% 000 0% 0
i:: ?I‘F—TIM 200 3630 100 o000 faneiy A9 353 & 44 F98 FRF 1488 110 [195 1
¥ i, . 1000 § 50001, 2809364 § 62,224,184 | 0.351] 064 071
= 0. ab a3l LV U =TT Joobd, fog  Fadabl Ui a3k Ued 1
1 A 5 1000 $EOODT.. 3384223 $9REITTEE 0758 034 080
1 A o3 5 % 3., 1000 §$E0577.. 3434068 $93965488 0767 034 089
19 ® @ . 2m W10 1000 §90001.. 2B00462 §122122.. 0521 064 071 O
1% #ap@ 0. M 3% 0. 10 1000 §9057T.. 2649880 §123264.. 055 064 071 O
1 Age 5 om0 W, 10 1000 §100.001.. 3375320 §13B715.. 1065 034 088 O
1 L@¢em 5 20 % 0. 100 1000 § 100577 3425165 §130863.. 1.073 034 088 O
51:’,!\ 10.,,, 5 a0... 1000 % 110,001, £.846.951 $177.065,,,, 0657 071 0,64
{®i @F 0. 5 % 0. 000 §110577.. 583991 §178215.. 06 071 054
AWL® @0, 5 2w W10 1000 §150000.. 56046 $20692.. 0805 071 064 O
{F ) #aE 0. 5 a0 % W10 1000 §1505%6.. 5885008 §218112.. 0809 071 064 O
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Renewable Portion

[0 Total load

B About 15 MW peak Equipment to consider Add/Remove.

B 143 MWh/day

A—rf— 2|
GE 1.hsl Frirmary Load 1
143 Miw'hdd

[0 Generator

B Wind 1.0MW * 5 =7.0MW T
H PV 10MW Grid

15 Mw peak:

Converter

AL DL

12



Basic condition

] Wll’ld Tur bine EDSItI!Suantity Capital ($) | Replacement (§] | D&M ($/u1
B Capacity : 1.0 MW * 5 =7.5MW
B Price : $8,000 /kW * 7.50MW = $ 60,000,000

[0 Ph Itai =
otovoltaic Size k] | Capital ($) | Replacemen g1 | ORM (3
£10000.000; 50000000 5000000 50000

B (Capacity : 10MW
B Price : $5,000 /kW * 10MW = $ 50,000,000

cf) Sensitivity Analysis
B Grid powercost 0.4 1 2 3 ($/kWh)
B Wind speed 3.65 7.0 11.0 (m/s)
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Rate VWW_2 Power Price

Basic condition — grid price

a0 System Types
7,973,238 |:| Grid
[ erigning
Superimposed
‘Grid Purchases (kWh)
2.54
209
7,973,238

($HWh)

1.5

1.04 & 4
7973238 7973238 7973238

054 & 4
7973238 7973238 7973238
7,973,238 7,973,238 7,973,238

,~
4 5 5] T 8 k] 10 11

Wind Speed (mis)

14



Condition 1

0 Wind Turbine
B (Capacity @ 1.OMW * 5 = 7.0MW
B Price : $4,000 /kW = 7.5MW = $ 30,000,000

[0 Photovoltaic
B (Capacity : 10MW
B Price: $2,500 /kW * 10MW = $ 25,000,000

cf) Sensitivity Analysis
B Grid powercost 0.4 1 2 3 ($/kWh)
B Wind speed 3.65 7.0 11.0 (m/s)
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3.0

{5 Wh)

Rate VWW_2 Power Price

Condition 1

2.5

™
<

=
T

0.54

7,973,238

7,973,238

-

7,973,238

7
Wind Speed (mis)

System Types
[
[ erigning

Superimposed
‘Grid Purchases (kWh)

16



Condition 2

[0 Wind Turbine Costs

Cluantity | Capital [$] | Replacemen EIE] | D&M [$dr)

B Capacity : 1.5MW * 5 = 7.5MW 530000000 600000 25000
B Price: $4,000 /kW = 7.5MW = $ 30,000,000

[0 Photovoltaic Cost _
Size (W] | Capital [$] | Replacemen E[F) | O&M [$4r)
. . 10000000 10000000 100000 B0000
B (Capacity : 10MW

B Price ! $1,000 /kW * 10MW = $ 10,000,000

cf) Sensitivity Analysis
B Grid powercost 0.4 1 2 3 ($/kWh)
B Wind speed 3.65 7.0 11.0 (m/s)
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{5 Wh)

Rate VWW_2 Power Price

Condition 2

™
<

7973238

=
T

7,973,238

054
7973238

7,973,238

7,973,238

-

7
Wind Speed (mis)

System Types
[Jori
[ erigning
[ Grinwinarey
Superimposed
‘Grid Purchases (kWh)
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Condition 3 (dump case)

D Wind Turbine I:DSIEJSL,I.Emtit_I,I Capital [$] | Replacemen b(E] | D&M [0
0 CapaClty : I.SMW N 5 _ 7.5MW 5 BO000O0D Ba0000a 25000
B Price : $8,000 /kW * 7.5MW = $ 60,000,000

[0 Photovoltaic Costs

Size (kW] | Capital [$] | Replacemen E%] | D& [$/00]

10000000 1000000 100000 50000

m Capacity : 10MW T
B Price : $100 /kW * 10MW = $ 1,000,000

cf) Sensitivity Analysis
B Grid powercost 0.4 1 2 3 ($/kWh)
B Wind speed 3.65 7.0 11.0 (m/s)
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($HWh)

Rate VWW_2 Power Price

Condition 3 (dump case)

System T System Types
[Jow
[ eriaev

[ Grinwinarey

3.0

Superimposed
‘Grid Purchases (kWh)

25

[
o

159
1.0 & L |
7,973,238 7,973,238 7,973,238
0.5 & L |
7,973,238 7,973,238 7,973,238
7,973,238 7,973,238 7,973,238
~
4 5 & 7 H 3 10 1

Wind Speed (mis)

20



Conclusions

[0 Unless the grid electricity price is $3.00/kWh,
installation of renewable energy sources to Korea
University is economically NOT viable (cf. the

present price = $0.4/kWh)

O Government subsidy of renewable energy initial
cost and of tax credits and other benefits would
lower the barrier of renewable energy
penetration to university campuses.

O Carbon Emission Penalty and Tax policy would

may further lower the barrier. (see the Conditions
1 and 2)
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THANK YOU.






