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Introducing demo models for training
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Demo model framework

IRENA

FlexT4X

Demo models of an
imagined country to
demonstrate the most
important features of
IRENA FlexTool

o The basic structure is the
same for each demo
model

o Each demo model is
designed to have specific
flexibility issues

o Training participants are
instructed to assess and
solve these

Power
import

Mainland nodeGroup

*Shared synchronous area (max 80% non-synchronous), shared reserves (6%

of hourly demand)

« Additional node-level constraints: part of reserves in each node (3% of hourly
demand), max 90% non-synchronous in each node

nodeA "west”
* Large demand

—

Transfer
link

nodeC ”east
coast”
* Medium demand

nodeB
”center”

—

Transfer
link

* Low demand

nodeD "Island”

« Stand-alone system
* Very low demand




IRENA

Model solve time FlexTo3I

° Increasing complexity quickly increases model
solving time
° 4 nodes
o Hydro storages

° |nvestment run

Number of modelled hours | Dispatch Invest
+ Dispatch

o Good flow in training requires very quick 24 (1 day) 1sec 2 sec
solving times 72 (3 days) 2 sec 15 sec
o Thus, very few hours are modelled (4 week 168 (1 week) 5 sec 1.5 min

dispatch, 4 day invest)
672 (4 weeks) 20 sec
° In practice, it is recommended to use shorter time

series for testing and longer or full year for actual
modelling

° |n addition, some time goes to writing the
data and results
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Running flexibility assessments with

demo models — Demo model 1
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Demo model 1

IRENA

FlexT4X

Open
‘inputData\demoModel-
1.xlsm’

o Check “units” sheet

o Model has mostly fossil
fuel based generation,

o Some hydro power in
nodeB, wind power in
nodeC, and small shares
of PV and biomass in
most nodes.

Power
import

mﬂinland nodeGroup

of hourly demand)

nodeA "west”

» Large demand
* Large coal unit
* Oil power

* Small biomass unit

maII share of PV

—

Transfer
link

* Low demand

* Reservoir hydro —
« Run-of-river hydro Transfer

+ Backup oil link
* Small share of PV

nodeB ”center”

«Shared synchronous area (max 80% non synchronous), shared reserves (6%

 Additional node-level constraints: part of reserves in each node (3% of hourly
demand), max 90% non-synchronous in each node

nodeC ”east
coast”

* Medium demand
* Large coal unit

» Gas power

* Backup oil

* Wind power

* Small share of PV

~

nodeD ’Island”

» Stand-alone system
* Very low demand

* Oil power
* Small biomass unit
* Small share of PV




IRENA

Demo model 1 FlexT:X

Try running the Base run of
the demo model 1 Flexibility enablers in the demo model 1

IR At -'o:0iity cnables
Flexibility enablers High Medium

Interconnection capacity vs. average demand

Generator ramping capabilities ®
Our initial assessment of the
flexibility enablers on the demo
model 1 is presented on right

Matching of demand with VRE generation
Hydro inflow stability
Strength of internal grid ®

Go through the following slides SRS vs, EiLE] Cerment ®

to see if you agree or will have Geographical dispersion of VRE generation and ®

. . demand
different conclusions - _
Minimum demand vs. VRE capacity o
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Quick check of flexibility issues FlexTol

A B
o Import results from the Base run of demo 1 Update sheets window demoModel-1
2 Base
model 1. o
o See instructions from day 1 presentation if needed 22 |General results elec
L 23 |VRE share (% of annual demand) 8.554
> Check General results and Flexibility issues from 24 | Loss of load (% of annual demand) 2368
Summary_D 25 | ->ramp up constrained (% of annual demand) 0
26 |Excess load (% of annual demand) 0
27 |Insufficient reserves (% of reserve demand) 0
» Notable loss of load, need to find out where and BB Insufficient inertia (% of inertia demand)
why 29 |Curtailment (% of VRE gen.) -6.66E-06
30 | -> ramp down constrained (% of VRE gen.) 0
» Very minor curtailments, not a real issue 31 Peak load (MW) 2101.55
» No other flexibility issues ii Pesk netload (MM 1962
34 Flexibility issues elec
35 |Loss of load (max MW) 255.475
Some lines are explained next to the number. 36 |Excess load (max MW) 0
37 Reserve inadequacy (max MW) 0
Open result file explanations to see definition for 38 Insufficient inertia (TWs/a) 0
the rest 39 |Curtailment (max MW) 0.000137541
40 |Curtailment (TWh/a) -7.48E-08
41 |Model leakage (TWh/a) 0
42 Capacity inadequacy (max MW) 0
43 |Spill (TWh/a) 0
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Loss of load, 1/2 FlexT&3

Checking total capacity balance to

find the reason for loss of load
Demo model 1, sum of all nodes

o Possible to do prior to model, from
input data or results file

o Here checked from the results file
o Open results file of Base run

o Summary_D shows peak demand, capacity,
and generation (figures at right)

o Peak load is less than dispatchable
capacity. Peak net load even less.
Country level sum is ok, no problems
here.

3000 14
2500 --
2000 10
1500

1000

Capacity (MW)
Generation (TWh)

500

Capacity (MW) Energy (TWh)

W ST _coal M Engine_gas M CC_oil B ST bio B Hydro_RES
o Problems must arise from certain W Hydro_ROR  Mwind PV ¢ Peak demand

node or nodes
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Loss of load, 2/2 FlexTHM

To check node level results Load shedding
0.45
o Open “node_plot” sheet from the results file 04
—~ 035 — —
o The first figure shows that loss of load is from nodeA § 03 1—1 S
- 4 ___ | ®nodeD
> The second and third figure on the second row show that 8 0;)22 [ ] nzd:C
nodeC transfers electricity to nodeA "g 015 L e nodes
. . ~ 01— o nodeA
o The conclusion is there would be enough 005 1—— —
: : . . . 0
generation capacity (previous slide) but it is not Base
. . Scenarios
where demand is and/or there is not enough
transmission capacity Transfers to the node Transfers out of the
> Possible solutions: o node
1.8
° investing to transmission capacity, ;2 ] ] ST —
> investing to generation capacity, £ 11— ——| ®noded E 22 1 mnoded
® 0.8 — — nodeC 3 T | |
° investing to storages £ 06 | mnodes 31:’82 T —| " nodec
. . T 04— — node 8 1 ] nodeB
> Need to check benefits and costs of each option 02 +— - ooRMTT | nodea
0 0

Base Base

Scenarios Scenarios
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Comparing different investment options, 1/9 FlexTH0

> We want to study how the loss of load issue could be fixed

> We want to study three different measures:

o |nvesting in transmission capacity
o |nvesting in generation capacity

o |nvesting in storages

° In addition, we want to compare these options and see if they would better
alone or together

o Fourth investment scenario: investing to all three groups



Comparing different investment options, 2/9

IRENA

FlexTX3

Open flexTool.xlsm

a) From ‘settings and filters’ sheet, set
max number of parallel calculation =
3 (or number of cores -1)

b) Select demoModell and 5 scenarios
as in figure

c) Click ‘write time series and run
model’

d) Wait until result file opens

o Sometimes the result file fails to open, and
does not show numbers. In this case, close the
file, go to folder results, and open the most
recent file.

Active input files:

demoModel-1.xlsm

@ o= o s W

[E
LR~ |E|w

14
15
16
1

A B C
Parameter valuel valu
Node filter (leave out):
Grid filter (leave out):
Time series filter: ts_time ts e
Model file: flexmodel.mod
Solver: CLP
CLP solver option: barr
Clear result folder: TRUE
Use wtee: = TRUL
Max number of parallel calculatiorﬁ 3 ) a
Input folder: \W
Time series folder: ts
Results folder: Results
Plot start time:
Plot length: 168

Inactive input files: Active scenarios:

<> template.xlsm Base <=
<> <>
<> demol_invest_transCap <->
<> demol_invest genCap <->
<-> template-transmission.xlsm demol_invest storages <->
<> template-storage.xlsm demol_invest_all <=
<. tamnlata Fuc viem AN

Write time series
and Run Scenarios

B C\WINDOWS\system32\cmd.exe

Total number of scenarios:
Scenarios started so far:
Gcenarios not yet started:
Gcenarios currently ongoing:
Scenarios failed:

Gcenarios already finished:

Maximum number of cases ongoing

Inactive scenarios:
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Comparing different investment options, 3/9 FlexTH0

In results file
a) Open summary_ D sheet

A B C D E F
1 Update sheets window |demoModeI—1 demoModel-1 demoModel-1 demoModel-1 demoModel-1
b ) C h e C k G e n e ra I res u Its a n d 2 Base demol_invest_transCap demol_invest_genCap demol_invest_storages demol_invest_all
23 VRE share (% of annual demand) 8.554 8.554 13.45 8.554 13.68
° one ° 24 Loss of load (% of annual demand) _ O_ 0
FIeXIbIIIty Issues tables 25  ->ramp up constrained (% of annual demand) 0 0 0 0 0
26 Excess load (% of annual demand) 0 0 0 0 0
. 27 Insufficient reserves (% of reserve demand) 0 0 0 0 0
o Transfer invests removed loss of load 28 Insufficient inertia (% of inertia demand)
29 Curtailment (% of VRE gen.) -6.66E-06 -6.66E-06 -9.25E-06 -6.66E-06 0.3904
. . . 30 ->ramp down constrained (% of VRE gen.) 0 3.07E-08 2.32E-09 0 0
© Generatlon Ca paCIty InveStmentS 31 Peak load (MW) 2101.55 2101.55 2101.55 2101.55 2101.55
32 Peak net load (MW) 1946.3 1946.3 1934.92 1946.3 1933.66
removed loss of load 3
34 Flexibility issues elec elec elec elec elec
xcess load (max MW) 0 0 0 0 0
H H 37 Reserve inadequacy (max MW) 0 0 0 0 0
Of Ioadl bUt dld nOt fu“y SOIVe It 38 Insufficient inertia (TWs/a) 0 0 0 0 0
39 Curtailment (max MW) 0.000137541 0.000137541 0.000476468 0.000137541 27.855
. . . 40 Curtailment (TWh/a) -7.48E-08 -7.48E-08 -1.63E-07 -7.48E-08 0.00701932
o All scenarios still have tiny amount of 4 vose leakage rwhsa) 0 0 0 0 0
. 42 |Capacity inadequacy (max MW 0 0 0 0 0
curtailments, but the values are very & airwe o 0 0 0 0 0

small and user should not be
concerned about those
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Comparing different investment options, 4/9 FlexTH0

In results file
a) Open summary_D sheet
b) Check costs table

o Storage investment scenario has lower loss of load costs than base, but still significant
o Qther scenarios have zero costs from loss of load
o All investment scenarios have lower total sum than base

o Which has the lowest total costs?

A B C D E F
1 Update sheets window demoModel-1 demoModel-1 demoModel-1 demoModel-1 demoModel-1
2 Base demol_invest_transCap demol_invest_genCap demol_invest_storages demol_invest_all
57
58 |Costs elec elec elec elec elec
59 Cost operations (M CUR) 609.876 574.333 565.147 617.628 502.201
60 |Cost investments (M CUR) 0 4.86935 29.7572 1.85097 37.8718
61 |Fixed annual costs (M CUR) 101.251 101.251 106.251 105.212 112512
62  Costloss of Ioad (M CUR) a0 o saa 10056 0
63 |Cost excess load (M CUR) 0 0 0 0 0
64 |Cost curtailment (M CUR) -1.50E-06 -1.50E-06 -3.27E-06 -1.50E-06 0.140386
65 | Cost of insufficient reserves (M CUR) 0 0 0 0 0
66 |Cost of insufficient inertia (M CUR) 0 0 0 0 0
67 | Cost of insufficient capacity (M CUR) 0 0 0 0 0
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Comparing different investment options, 5/9 FlexT&M

In results file
a) Opensummary_D sheet A B c D E F

1 Update sheets window demoModel-1 demoModel-1 demoModel-1 demoModel-1 demoModel-1

. . ° 2 Base demol_invest_transCap demol_invest_genCap demol_invest_storages demol_invest_all
b) CheCk CapaCIty InveStmentS from unlt 80 |Unit type Capacity (MW) Capacity (MW) Capacity (MW) Capacity (MW) Capacity (MW)
type capacity (MW) tab|e 81 |ST_coal 1000 1000 1000 1000 1000
82 |Engine_gas 300 300 300 300 300
c)  Check tranmission investments from o o o o o o o
transfer Capacity (MW) ta b|e 85 |Hydro_RES 150 150 150 150 150
86 |Hydro_ROR 120 120 120 120 120
87 |wind 150.02 150.02 300.02 150.02 300.02
88 [PV 60 60 260 60 260
> Investments are hlghhghtEd at figures on 89 |battery 0.04 0.04 0.04 198.082 313.077
the right
o First three scenarios invest into only one of
the technology baskets (transmissions,
capacity, storages) as defined
o The fourth one was able to invest to
teChnOIOgleS from eaCh baSket and deCIded 1 Update sh:ets window demoMl(aJdel—l demoModeEl demoModj—l demoModeF—l demoMI(:JdeI—l

to do that 1$1 Base demol_invest_transCap demol_invest_genCap demol_invest_storages demol_invest_all
112 |Transfer Capacity (MW) Capacity (MW) Capacity (MW) Capacity (MW) Capacity (MW)
113 nodeA - nodeB 150 439.925 150 150 455.759
. . . . . 114 nodeB - nodeA 150 439.925 150 150 455.759
o Combination solution did not invest to 115/ nodeB - nodeC 100 405.766 100 100 429.014
116 nodeC - nodeB 100 405.766 100 100 429.014

additional coal or oil capacity, but chose
additional gas, biomass, VRE, storages, and
transmission



Comparing different investment options, 6/9

FlexT:XX

In results file

a)

Open genUnitGroup_elec_plot
sheet

o

o

Check how the model dispatched the units

Figures on the right show high demand
week (4t week) in base run and invest_all
run

You can change the week from a scroll bar at
the top

Notice that demand peak is after the sunset,
but PV is still profitable investment because
it allows lower oil consumption

With PV, the model runs oil capacity to
provide the peak load when needed

On the right, low and high demand weeks
from invest_all scenario

2000

Base

demol_invest_all

1800

1600

1400

1200 -
2 1000 |

800
600
400
200

[ Battery
mmmm Excess load
Curtailed
PV
Wind
mmmm Hydro
[ Bio
e Gas
 Oil
mm Coal
B Loss of load
—— Demand+exp.-imp.

Demand+exp.-imp.



Comparing different investment options, 7/9

IRENA

FlexT:XX

In results file
a) Open units_invest_plot sheet

o First figure shows invested capacities
per node

o First figure on the second row shows
the same figures for storage capacity

b) Open transfers_invest_plot
sheet

o Figures show invested transfer capacity
and shadow value of additional
investments

Invested capacity
250

N
o
o

invest MW
=
w
o

[y
o
o

w
o

wind ‘ PV ‘ battery PV ‘ battery wind ‘ PV ‘ battery wind ‘ PV ‘ battery

o

nodeA nodeB nodeC nodeD

elec
Units

Invested capacity

Node-node

W Base

m demol_invest_transCap

m demol_invest_genCap
demol_invest_storages

m demol_invest_all

H Base

® demol_invest_transCap

m demol_invest_genCap
demol_invest_storages

B demol_invest_all



Comparing different investment options, 8/9

IRENA

FlexTeX

In results file

a) Open units_invest_plot sheet

o

o

[e]

Shadow value is a model parameter that tells if additional investment on that technology would reduce total costs or not

If some technology has positive shadow value, investment would increase the overall costs (i.e., not profitable)

If some technology has negative shadow value, additional investments would decrease the total costs, but some constraint did

not allow additional investments

In demo model 1, the maximum allowed investments were predefined and storage scenario would have been cheaper if
model could have invested to larger storages.

4000
3000

kw

2000

_per

1000

-1000

invest_dual_CUR

-2000
-3000

Shadow value for additional capacity

wind ‘

PV

nodeA

‘ battery ‘

PV

‘ battery ‘ wind ‘

nodeB

elec
Units

PV

nodeC

‘ battery ‘ wind ‘

PV

nodeD

‘ battery

M Base

® demol_invest_transCap
demol_invest_genCap
demol_invest_storages

® demol_invest_all
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Comparing different investment options, 9/9 FlexT&3!

Fuel costs

In results file

a) Open costs_plot sheet

o FlexTool calculates a large range of
different costs and shows detailed

M Base

® demol_invest_transCap

W demol_invest_genCap
resu |tS demol_invest_storages
g 8 % 2 é %. B demol_invest_all
. . | 3 | Q
o On right is a breakdown of fuel costs HHEHFL
|2
and (annualised) investment costs
ele
o Results file shows also many other Units
categories Investment costs
20
18
E~16
a 14
s 12
< 10
§ 8 H Base
é 2 ® demol_invest_transCap
2 m demol_invest_genCap
0§g_9ggrm%mg%iiﬁ%émggif‘ﬁ%'ggara demol_invest_storages
el %5 g g s « gl = S| = 5 g = o83 g =
g8 5z 5 ¢ E _g ;' 3 g|e E 5 g g3 5 ¢ 8lg 3 52 m demol_invest_all
deA nodeB deC deD
elec




IRENA

Selecting the modelled days for demoModel 1 FlexT3

Net load duration curve

[e)

Selected representative time series were based on
> Net load (min and max)
° Inflow (min and max)

2000

1500

§ 1000
o Open file input/demoModel-1-select-weeks.xlIsx 500
o The file is very slow to use, 0
o Closing additional excel files speeds up things a bit THEBS é § % § % § é § % § g § g § % § % é g § g § g
Hours of the year
o Selecting 4 weeks for dispatch and 4 days for invest —Fullyear == Dispatch = Invest
o 1 week/day with max net load Inflow duration curve
o 1 week/day with min net load 200
o 1 week/day with max inflow 250 S—
o 1 week/day with min inflow 200
= 150
g 100 —

o

Quality check by comparing the duration curves of the
full year to selected time series (figures at right)

o 4 days is too small sample, but we will still use it to get faster
model run times

50

== FU|| year === Djspatch === |nvest
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