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Sensitivity analysis

* How much will the results change if input data
change?



Why Sensitivity Analysis?
To provide range of validity of the reference solution

J Uncertainties in data

® Lack of information (forcing the planner to make
assumptions).

® Data are a permanent problem!

THREE CHOICES:

— Do nothing
— Invest in collecting data
— Take the best guess now, and iterate/improve later

d Unknown future
® Uncertainty in assumptions

O Sensitivity analysis helps to identify those coefficients which
have major impacts on results.

O Sensitivity analysis shows the stability of solution



What Sensitivity Studies to Conduct

d The general rule to conduct sensitivity analysis
would be to consider all types of information
for which large uncertainties are recognized

— either because of lack of knowledge on their
statistical or

— current values or because of their future evaluation is
difficult to predict.

4 By general rule, the tendency would be to
conduct a very large number of sensitivity
analysis so as to cover all possibilities of
uncertainty in data and the hypothesis made.



What Sensitivity Studies to Conduct

0 However, consideration of too many sensitivity
analyses will tend to:

® Diminish the credibility of the study

® Lead to confusion in terms of interpretation of
results and recommendations

Both aspects having a negative effect on the
perception by the decision maker.

 Better to concentrate in a few sensitivity analyses
to study the variation of the optimal solution to the
most import parameters for which the planner(s) or
sometime the decision maker(s) accord the highest
degree of uncertainty.



Some Examples for Sensitivity Analysis

d Discount rate
4 Future demand for energy/electricity

d Investment costs of new power plants and
other energy facilities

U Operation and maintenance costs
4 Fuel cost

d Performance of technologies (efficiency, plant
factor, availability factor, etc.)

4 Limits on production and construction of plants
d Import/export quantities and prices
4 Environmental protection limits and costs



Sensitivity Analysis in MESSAGE

Two options:

4 Change in assumptions (either
change in parameters or scenario as

a whole)

d Use the sensitivity function in
MESSAGE



Model High Demand Electricity 8%
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Results High Demand Electricity 8%
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Model Coal Power Limit to 60%
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Model Coal
Power Limit to
60%
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Results of Coal Power Limit 60%

-
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Comparison Objective Function

Problem: Demo_Case2 adb
Rows: 334
Columns: 151
Non—zeros: BT

us: CPTIMAT
bijective: func = 2070024.714 (MINimum)

No. Bow name st Actiwity Lower bound Upper bound
Marginal
1 func B 2.07002e+06

Probklem: Demo_CaseZ CoallLimit

Rows: 335

Columns: 151

Non—-zero=: 2364

Sta - S g i 7w

Chbjective: func = 28253573.756 (MINL )

No. Row name 5t Zctivity Lower bound Upper bound
Marginal

1 func E 2.8255%7e+06



Comparison CO2 Emission
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Outcomes of the example

4 190kTons of CO2 Emissions of the
system will be decreased by limiting the

Coal power generation

O Total system cost will be increased by
755,949 $

4 Is it a economical NAMA to the country

16



Sensitivity Analysis in MESSAGE

Option 2

Use the sensitivity function in MESSAGE

17



Sensitivity analysis

 Most of the optimizers (solvers) provide

Information for sensitivity analysis;
they calculate and report ranges on
—objective functions coefficients (c;’s)
—right hand side (b;’s)
—Bounds (L; and U;)



A simple energy model in MESSAGE

Constraint 1 Demand XCL + XGS>250
Primal Obijective function: :
Minimise total system cost Constraint 2 Coal resource  3*XCL <600
z =350 * XCL + 300 * XGS ava||ab|||ty
YCL> 0. XGS 0 Constraint 3 (Gas resource 2*XGS <300
- - availability




Principal approach

Focus on only one parameter at one time
Assume that all parameters remain fixed

except the one In question



Sensitivity analysis with MESSAGE
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zearch: I Findl saork by: I Rd
Objective coefficient anal_l,lsis] straint bound anal_l,lsis] Wariable d anal_l,lsisl ‘ ‘

Max increase Max decrease

116.55 infinity 1e.65

130 3 laliaioy

0 25 infinity

......... 0 infinity 16.65
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e LP-viewer for LPDUALExample

I zearch: ISuI:uiect td] i IaII ll Ne:-:tl F'rex-'l Hesetl.-’-‘-.ll diu:s:l ll F
cculumn:l ll u:uth:l ﬂ reg:l ll Idr:l ll tms:l ﬂ Make list | Clear sell iteris: | ll Si
LP input [mark name and click rnght mouse to get lang name]
Froblem:
TOEMTAET Frarmla =sdAk
vininize MaXimum allowable reduction 16.65 We reduce by 15
func (H): +1.16550e+02 * fCBBRuuwnnnnsa 001 +1.50000e+02 * fg8C..asaanss 001
S Original cost coefficient 116, New coefficient 101 (116-15)
carl ...eeeaeaan (G): > 0. < 1.e31
CBEl.iinannnnanns {M): » -1.e31 <« 1l.e3l
CEFlT. . aanaes 001 (M): > -1l.e31 < 1l.e3l
CBFZ2 tiaannsnans {G): > 0. « 1.e31
CArZ.eunennnnn. (M: > -1.e31 < l.e3l 116 * fcae + 150 * fgae
I CBFZ2T.vaanans 001 (HN): > -1l.e3l < 1l.e3l
CCBD snnsmssnnns {(G): > 0. € 1l.e31
CCBDsssnannsnannn {H): > -1l.e31l < l.e3l
CCBPL.anannas 001 (Mj: » -1l.e3l < 1l.=31
F& LP-viewer for LPDUALExample _ L':' =11
g sl A B e T T -
gearch ISuI:niec:t b in:lall | Mext| Prev | Resst| Al dic:s:l hi Result | count: |3EI
c-:ulumn:l ¥| Dth:l ¥ reg:l ¥| Idr:l ¥ tms:l | Make list | Clear sell iteris: | ¥| Solution | wiew: Iu:u:ul act
|LF' ihput [rark. name and click right mouse to get long name]
Froblem: =]
=L EOUA T Exame]e adk
Minimize
func {H): +1.01565e4+02 * foal..we.ennn 001 +1.50000e+02 * fgae...cew... 001
Subject to:
CEFl tieennnnnna {(G): > 0. « 1l.e31
CBEl.iieanannnna {H): > -1l.e31 < l.e * *
CEr1teennnn.. 001 (M): > -1.e31 < 1.e1 101 * fcae + 150 fgae
CBEZ snssnssnnnn {(G): > 0. € 1l.e31
CBEZ2.isnssnnsnnnn {H): > -1l.e31 < l.e3l
CRBI2T.iwnannan 001 (Hj: » -1.e31 < 1.e31
COBE wasmuansnsa G): > 0. < 1.E31I
fadad-) o Hy: > -1.e31 < 1.e31
Lalat=") o AR 001 (My: » -1l.e31 < 1.e3l
COUY wuwnnnnnnea {G): +1.01565e4+02 * frae..ee.ennn 001 +1.50000e+02 * fgae...cow... 001 » -1.00000e+20 < 1.e31
o] a1 . (M) : +1.01565e4+02 * fCBRu.wwanana 001 +1.50000e+02 * fg88..vaanaes 001 » -1.e31 < l.e3l 23
COUrT.naanans 001 (M): +1.01565e+02 * fCBR..vsaswan 001 +1.50000e+02 * Ig8E..vaanaes 00l » -1.e31 < l.e3l LI
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Results before and after changes

Problem: LPFDUALExample adb
Rows: 30
Columns : 4
Hon-zeros: 22
Status: CPTIMAL
Chijective: func = 30000 (MIMNirmam)
Ho. Column name St Botivity
1 feae..vwinn.. 001 f \
B 300.3
2 fgae...ovnenn 001
B 300
I s pg..e e 001
B 300
4 2. LC.erennnnn 001
B 300.3
End of output

Lower bound
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Problem: LPDULLE=ample adb
Rows: 30
Columns : 4
Hon-zeros: 22
Chjective func = 75500 (MINimmum)
Ho. Column name 5t Betivity
1 feae..oooean.. 001
B 300.3
2 fgae.ieenanns 001
E 300
3 5. pg.ea e 001
B 300
4 2. LC.e e 001
B \ 300.3 J
End of output

24



& LP-viewer for LPDUALExample

zearch: ISubiect td ir: IaII ll Ne:-:tl F'revl Hesetl Al diu:s:l ll

R
cculumn:l ll u:uth:l ﬂ reg:l ll I|:|r:| ll tms:l ﬂ Make lizt| Clear sell iterns: | ﬂ Se
LP input [mark name and click right mouse to get long name]
Problem:
RS
Minimize
func (H): +1.16550e4+02 * fcae...uueu.. 001 +1.50000e+02 * fg8°...cceuwn 001
Subject to:
CBEl siasnsnsnanns {(G): > 0. « 1l.e31
CBEl.ivsansnsnanns {H): > -1l.e31 <« l.e3l
CBElT.vannanss 001 (M): > -l.e3l < l.e3l * *
CRE2 tennnennnn {G): » 0. < 1.e31 116 * fcae + 150 fgae
CBEZ . i e snnnnnnna Hy: > -1.e31 < 1.e31
CRBE2t.eananan 001 {Hj: » -1.e31 < 1.e31
COBE waenanneneas {G): > 0. < 1l.e31
COBD e snansnsnnns {M): » -1.e31 <« 1l.e3l
Lalat=") &) PR 001 (M): > -1l.e31 < 1l.e31
COUE wuvwnmnnnen {G): +1.16550e4+02 * foae..uweean. 001 +1.50000e+02 * fO8...cceuwn 001 » -1.00000e+20 < 1l.e31
LP-viewer for LPDUALExample — - el - E=ai=l
gearch: !Sul:uiect td in:lall | Mest| Prev | Resst| 4l dics:l i Fesult | count: ISEI
l:l:ulumn:l i l:uth:l ¥ reg:l x| Idr:l x| tms:l ¥| Make list| Clear sell itemns: | x| Solution | wiew: Il:l:ul act
LP itiput [mark name and click ight mouze to get long name)
Problem: i
“LPOULTERSTpLe adb
Minimize
func (M) : +9.65700e+0) * FCAE .. ewwssn- 001 +1.50000e+02 * fgBF...cucue=n= 001
Subject to:
CALY iieeas i Gl > 0. < 1.3l
BT oo s atiiicics (H: > -1.edl <« l.e3l 965 * fcae + 150 * fgae
CATIE ;v vieeisinn 001 (Hj: > -1.e3)l < 1.e31
EAF? wenannnnnnn (G): » 0. < 1.e31 T
CAEZ . enunnnnanns (Hj: > -1.e31 < 1.e31 25
EREME S sl i 001 (H): > -1.231 < 1.e31
AT Ty ~ N < 1 a2
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Results before and after changes

Problem: LPDUALExample adb

1 Froblem: LEDUALExanple adb
Rows: 30 2 Rows: 30 B
Columns: 4 3 Columns: 4
Non-zeros: 22 4 HNon-zeros: 22
Status: OFTIMEL 5 Starma: GPTTMAT.
Objective: func = 20000 (MINimum) ¢ Objective: func = 73002 (MINimum)
T
3]
No. Column name St Aetivity Lower ba 9 Ho. Column name 5t Botivity Lower bound Upper bom
10
11
13
13
14
15
16 B 300 0
17 4 5.EC..-annnn- o001
is B &00 0
115
End of cutput 20 Fnd of output
21

26



Sensitivity analysis

* Range analysis provides the range, both lower
and upper value of coefficients, outside this
range current solution will fundamentally

change.

* Limited to changing one coefficient at a time.



