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Need for robust decisions to unlock sustainable development

Current SDG related
performance
) EEERGOALS

Future SDG related

performance
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multi-scale infrastructure systems analytics

<
%2
S
O
2
S
~

‘Everything should be made as simple as
possible, but not simpler’

Albert Einstein
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multi-scale infrastructure systems analytics

* National-scale, system-of-systems infrastructure model
* Cross-sectoral interdependencies

* Complex portfolio of interventions

* Open-source

* Transparent

* User-guided: Iterative stakeholder engagement
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multi-scale infrastructure systems analytics

Process

NISMOD-Int

A. Evaluate B. Review C. Establish D. Identify E. Analyze F. Recommend
Set of steps for
performing a National Evaluate current Review long-term Establish a vision Identify strategic Analyze the scale Recommend
Infrastructure Infrastructure needs for » for future alternatives for and timing of » adaptive
Assessment systems infrastructure infrastructure delivering the strategic pathways of
performance services performance vision alternatives policies and
I — investments
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multi-scale infrastructure systems analytics

Process A :
Set of steps for
performing a National aluate e Review long-te
Infrastructure a e eeds fo
Assessment e a e
perfo e ervice
)

NISMOD-Int

D. Identify

Identify strategic
alternatives for
delivering the

vision

E. Analyze

Analyze the scale
and timing of
strategic
alternatives

F. Recommend

Recommend
» adaptive

pathways of

policies and

investments
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HOME INSERT

PAGE LAYOUT

S87 y I

. The National Infrastructure Systems Mo

This Excel document encodes the analytical capability required 1o undertake an application of NISMOD-Int for differing countries and contexts.

NISMOD-Int Curacao_v0 [Compatibility Mode]

FORMULAS DATA

REVIEW VIEW

TEAM

del for International contexts (NISMOD)

Excel

" L ’

The disgram below provides an outline of the methodological framework for the MISMOD-Int process and platform.

ITRC

‘mistral

S The sheets of this excel refer o the steps in the assessment process fusing labels A-F] as outiined below Ureimmmantal Casmpe it

- More information on the NISMOD-Int process and platform can be found in Thacker et al, 2017 (see References tab for full details) eCi -
@UNOPS

NISMOD excel model: Process, description and contents

4 A Evaluate B. Review C. Establish D. Identify E. Analyze

s 1) Process Evaluate curent Review long-term Establish avision \dentify strategic Analyzethescale

? Infrastructure ‘ needs for ‘ for future alternativesfor andtimingof ‘

E] systems. infrastructure infrastructure strategic

" performance services performance alternatives

4 2)

v Description

3 of tabs

v the siategees dehned

c by the uses m ¢

o TARGE

iy 3) Contents

e

.

P

"

» LICENSE | BACKGROUND _CONTENTS A CURRENT water  [JSICURRENTIWGSEWATSIN A CURRENTwaste B SCENARIOS res
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A Evaluate

Evaluate current
Infrastructure
systems
performance

[ I

B. Review

Reviewlong-term
needsfor
infrastructure.

»

C. Establish

Establish avision
forfuture
infrastructure.
performance
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D. Identify E. Analyze F. Recommend
Recommend
adaptive
pathwaysof

pol!

Identify strategic Analyzethe scale

o »

alternatives sai
investments.

ID sector_Jjtype 1 type_2 type_3 other_1 Unit Year lal ue
Users may
Supply waste |landfill supply tonnes/year  |2016 125,373 49% .
waste |incineration supply tonnes/year  |2016 25,100 10% u pd ate in p utS
waste |[unmanaged supply tonnes/year  |2016 10,000 4%
waste |recycling supply tonnes/year  |2016 89,273 35% or sources
waste  |repurposing supply tonnes/year  |2016 7,250 I 3%
Total supply tonnes/year |2016 \ 256,996/ Where more
recent/
Annual demand|waste |demand municipal waste \ population |tonnes/year {2015 25% .
waste |demand commercial waste | population |tonnes/year  |2015 53% rel 1a b I e d ata
waste |demand total cruise ship-induced waste|tourist cruisejtonnes/year  |2015 3%
waste |demand total stay-over tourists-induced |tourist stay-gtonnes/year |2015 20% b ecomes
waste |demand
waste |demand ava”able
waste demand ‘\/’
Confidence
Source example
level of source
high | Primary source from in-country stakeholder
med | Literature based on regional context
- | Literature based on world average
ow N
Anonymous primary source
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Confidence
level of source

Source example

high

Primary source from in-country stakeholder

med

Literature based on regional context

Literature based on world average
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calculations

mistral

multi-scale infrastructure systems analytics

D. Identify E. Analyze F. Recommend

Idents

Curacao population forecast
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A. Evaluate B. Review Establish
Evaluate current Review long-term Establish a vision
Infrastructure ’ needsfor il » forfuture
systems infrastructure: infrastrucure

performance performance

FILE HOME INSERT

C5 -

A B C

PAGE LAYOUT

FORMULAS DATA REVIEW VIEW  TEAM

Drivers of infrastructure needs: Tourism forecast

: o resigents. The

tourist— high, mogerate,

visitor numbers ta the island.

1) stay- 2) aruise ship
and low — to encapsuiata the range of tourism growth that could be seen on the sland to the year 2050. The growth of toursts wil ba diven by Twe major

and

Stay over touri

ists forecast Cruise ship tourists forecast

[T p————

2paciiy sl
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apacit
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iz 2l 1,000,000

0
20
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IEEEREEREEEERRR R R R R R BEBEiEEiaREEERaEREERddEn
Year . S Year i — ——
Methodology
[Parameters used
P=skstspovertouristper day (Dec yearly tourists. touri ights i tourists) from the Curacao Tourism Board (2015 and 2016k vere used a5 basline data
200 (2001 -2016) forthe touris presections in this b
A e ourists be led by two main further in the D STATEGIES Overvieur tab under Transport A] the
D expansion of the airport terminal (increasing stay-over tourists) and B) the fion of 2 new mega pi tourists) (see p
2500000 | I=fof this tab),
201
e i o mace 1o b finslised by the end of 2018 provices capaciy for
o 50D e (i Te 357 et 0 512y for an sverege of i Curacae Tourom Boad 2016, Currrtly.26% o the

e yeary arport gty con be st 10t (e cel C12) As st sl souio ram the taminl expancon e ol capacty i v ol C13.

that 50% of the total tourist capacity of the airpart terminal is used

fuding 1) a

Fulloap sotyZrdmegs per (R o]

da. £.000)

by 2035. 2) @ medium infrastructure-led growth rate. assuming that 75% o the total tourist capacity of the iport terminal s used by 2035, apd 3)a high infrastructure-led
7o e, seuing 1 2l ey of s el for tourts £ 1523 235, A

2 gracual increase capacy by 2035.

After 2033, the growth rate i assumed to be 0% For

TSRS T e eg

he pesk calculations, the peak tourist month (Decamber has been utized).

cted to be 1 million cruise tourists per year (Business

[——

e (e il oapaety] 530502

ForE) the | the expected total cap s expe
Curacan (2015). Bach Gruise ship toursts i expected 1o stay for an average of 1 day. Trrce inastructure 120 s ship scencrios ha
o U5 of et e i capacy bl in 2015wl by 2035, 2 e, 3ssuming that 70% of the caps

Geveloped: 1) a low grawth rate,
itiad by 2035, a0 3 2 igh

growth that the full capacity if uiized by 2035.

. hK“EUE“R‘l‘ENTwaste

For the peak calculztions, the peak tounst mani (Dszembver has bien Ltlizzd). For the calculations of tourists

e 0T e e verags GrOv e et a1

' past 5 years was applied for stay-over tours

sts (7%) and cruise ship tourists (

Assumption:
The pend mm(iwvg 3 cscrease i tourits staying in ciionsl hotels and an incraase i Tourts staying at privately GNed apartmnts i considered o Nsve a nul sffect o0

B. SCENARIOS residents | B. S

CENARIOS tourists

B. SCENARIOS (aggregatedj B. NEEDS
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E. Analyze

Analyzethe scale

strategic
alternatives

=

F. Recommend

Recommend

pathwaysof
policiesa
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wiieiiisanmenamencirs [ - B. SCENARIOS tab: Future infrastructure needs

A. Evaluate i D. Identify E. Analyze F. Recommend
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SCENARIOS tab: Future infrastructure needs

A. Evaluate B. Review ‘ C. Establish D. Identify E. Analyze F. Recommend

m

Forecast electricity peak capacity needs

Forecast total solid waste capacity needs
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Strategy = portfolio of investments Users can establish their own
vision for their strategies by

inputting a relevant name

 (Canrepresent a target, e.g.
‘Environmental Action’

strategies
(defaultiuser) strategy nam

EBI_1 inaction

EBI_2 EElI_strate
User_1 IUserstra
User_2 IExampIe Strategy

- - i
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A. Evaluate B. Review C. Establish D. Identify E. Analyze F. Recommend

Evaluate current Reviewlong-term Establish avision Identify strategic Analyzethe scale Recommend

rfesucue ) neeistor Wy forfutre o atternatvesfor dff p andtmingot Hp adaptie
iy P

infrastructure. infrastructure. deliveringthe. st pathwaysof
performance services. performance vision alternatives policiesand
investments.

Users can select which investments are included in a
strategy. Here, ‘Example Strategy’ is focused on
‘Environmental Action’.

Sector Strategic alternatives rategy mapping I
EXAMPLE
1] sector_1 type_1 type_2 STRATEGY
ene’ electricity supply Dual fuel diesel plant 0
enez electricity supply SWAC 0
enel electricity supply Solar microgeneration 1]
ened electricity supply Wind generation 0
enes electricity supply Waste-to-energy plant 0
enet electricity supply SWAC full-scale 0
ene? electricity supply Solar microgeneration i)
ened electricity supply QOTEC plant 0
ened electricity supply Solar microgeneration 0
enell electricity efficiency  |Technical grid improvements 0
Energy enell electricity demand Consumption reduction, domestic (15%) 0
enel2 electricity demand Consumption reduction, service sector (10%) 0
enel3 electricity demand Consumption reduction, domestic (25%) 0
eneld electricity efficiency  |Technical grid improvements 0

EPSRC
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A. Evaluate B. Review C. Establish D. Identify E. Analyze F. Recommend

Evaluate current Reviewlong-term Establish avision

Identify strategic Analyzethe scale Recommend
nfresucue ) necostor Wy forfuure rnativestt of Hp  sdupive
iy infrastruciure infrasiructure

o — services performance

pathwaysof
liciesand

alternatives policiesa
investments.

Users can add new investments, which
should be allocated a ‘Year’ and ‘Value'.

Sector Strategic alternatives Capady! demand Cost Carbon
D sector_1 type_1 type_2 type_2_size Unit Ye Value ICAPEX ($) 228l Id COzeq Unit
- - - - i (Sitfyear)|
enell electricity demand Consumption reduction, domestic (25%) large GWh 2 =177 28 -43,493|t COzeqiyear
T eneld |electricity efficiency  |Technical grid improvements large GWh 28 -9,836|t CO.eqlvear
enels electricity supply Solar expansion large GWh 2036 50! 10 2400t COzeqivear
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A. Evaluate . Revie C. Establish D. Identify F. Recommend

User strategies can be compared with T my TR R e T 2 rry
other pre-defined strategies.

performance

Electricity Capacity Margin based on annual dmand (%) Carbon

Impact of user-defined
‘Solar expansion’ project | ..o )
in 2036.

Cumulative carbon
(thousand tonnes CO2e)

- -~ EBI strategy (high)

- Example Strategy (low)

i m——Example Strategy (mod)
[ [
- . i 2016 2018 2020 2022 2024 2026 2028 2030 2032 2034 203 2038 2040 2042 2044 2046 2048 2050
% 100 Example Strategy (high) ear
= User strategy 1 (low)
£ 2]
@
= User strategy 1 (high)
5 &0 — Y E
-------- Inaction (low) C t
0s
| naction (mod)
20 B Inaction (high) 3
H
H
&
HE
2
-20 FE]
2016 2018 2020 2022 2024 2026 2028 2030 2032 2034 2036 2033 2040 2042 2044 2046 2048 2050 H
Year 3
S

o
16 08 W2 222 W2 226 22 200 AR 264 A% 2B AN 24 24 2046 2046 2050
Year
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dostoll E.ANALYSIS tab: Cross-sectoral interdependencies

multi-scale infrastructure systems analytics

A. Evaluate B. Review C. Establish D. Identify E. Analyze F. Recommend

Identify strategi nend
adaptive
f

1) INFRASTRUCTURE SUPPLY INTERDEPENDENCY - ADDING CROSS-SECTOR DEMAND: Tourism - the impact of port and airport capacity expansion

These calculations assume that the full capacity of the two constructions are met (including 1) the second Mega Pier for cruise ship tourists and 2) the airport terminal expansion for tourists.

[
16% L“ ‘—‘E

Mega

Cruise

Pier Il

Hato

Airport ;
expansion [}

Methology calculations
) i Water demand | Waste demand ) Wastewater demand
Gwh/ rear Per stay-over| 0.35/m*3/day |Per stay over tourist 0.01|tonnes/da: Per stay-over tourist w|
0.01tonnes/day _|Per cruise tourist was

GWhiper/year _|Per cruise to(] 0.01|m*3/day |Per cruise-ship tour

lena.fuldauer@eci.ox.ac.uk
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multi-scale infrastructure systems analytics

A. Evaluate B. Review C. Establish D. Identify E. Analyze F. Recommend

Demand management
measures reduce demand

Target: Meet wastewater treatment demand by 2050

14

Millions

12

10

W3/year

New capacity provides more
treatment facilities

~a

IS

Wastewater supply
"

o

2016 208 2020 2022 2024 2026 2028 2030 2032 2034 2036 2038 2040 2042 2044 2046 2048 2050

[ 2016: Klein Hofje 2016 Klein Kwartier [ 2016: Tera Kora

[ 201l6: Abbattoir [0 2019: Klein Hofje renewal plan implementation I 2021: Expansion of existing plants

2022 Constructed wetlands e 2025: Constructed wetlands expansion e 2025 New wastewster treatment plant & (serving the East)
2030: Capacity expansion of exiting plants W 2035: Capacity expansion of trestment plant A 2040: New wastewater traztment plant B
2045: Capacity expansion of treatment plant B demand | growth) e 020: reuse and rzi fing in new builds

= 2023 Water reuse for irrigation in hotals

= = 2022 Water reuss toidet flushing hotels in hotels

lena.fuldauer@eci.ox.ac.uk
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Model

User-guide

NSOD 1 Cuncas +0 [Compatiity basds) - Bl

oM oA RN Tea

£ 5

The National Infrastructure Systems Model for International contexts (NISMOD)

ITRC
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@UNOPS

2
Besription
ot

5 Corsemts

UCENSE | SATXGROUND | CONTENTS & SCENAROS o

ITRC

@UNOPS .

rense and general information
The NISMOD-Int ol is lcensed under a Creative Commans Attribution-HonCommarc
share like 4.0 International License. Please see the following websize for complete lizense
ovaits. g ] e 58 0 oslende

citation
L Aelshicsd, T, Thackes, 5., ik
cnatie

A1 2078, Long toerm siracgi
ity Caford, UK

il contets. Ceford Uni

1 ntoduction

hi curagao, desiy
o with the Facel model provided separately entitiod “MISMOD_int_c
5 deveioped as part of Infrastructure As-
cscment carried autan behalf of the Ministry of [raffic, Iransport and Urban Planring of Cu-
a0, UNOPS, and the it duan {ITRE, hiving i
= lare numier of stakeholdrs in the country, it is 2n early towards building ong-term, crass-
-

NISMOO:sxcel modak Process, descipsion and contants

= sasm b K
S S————————

I

pa— hasior v

"

inputs ace sed in fwo waye;

i

v e o sectoral

ot 1 polic i)

2 number of staps (1], 2 fellaws:

These: wier inputs ave deseribed in more defad brkor, using examples from the: various tabs.
Screenshots are used to help the user identify cells or locations where they are encouraged to

Note that wreenshats may have been adapied far clariy, and might not exactly seplicate the
actual celsin the various tabs,
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Impacts to date on two levels:

Specific decisions/ legislations Policy process
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Conclusions Next steps
Advancing cross-sectoral, transparent, Excel model
national-scale infrastructure planning
under uncertainty e Additional
. De-politicize functionality |. ——
. Underpinned by data e Other sectors
. Transparent * Social infrastructures
. Tool maintained by relevant * Ongoing maintenance
stakeholders in-country
. Future: St. Lucia, Grenada, ...
Python model
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Questions?

EPSRC

Erginearing and Prpscal Scences
Research Councl

@UNOPS . ITRC,

mistral - Thank you!

systems analytics
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E. ANALYSIS tab: Cross-sectoral interdependencies

A. Evaluate B. Review C. Establish D. Identify E. Analyze F. Recommend

Infrastructure demand

driver
= N
o
Mega Cruise Pier Il N
. % -@-
7

. ; 1%
Hato Airport expansion
AAA ~
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multi-scale infrastructure systems analytics

Infrastructure demand é
driver
...
e
Mega Cruise Pier Il N
y 4% - -
7

X

Hato Airport expansion

TR, |

@UNOPS !

A Evaluate

E. ANALYSIS tab: Cross-sectoral interdependencies

B. Review C. Establish D. Identify E. Analyze F. Recommend

Infrastructure demand
reduction

B

45% & @

-9%
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Ll . ANALYSIS tab: Cross-sectoral interdependencies

Infrastructure demand é Infrastructure demand
driver reduction
i ol
0 450
16% \|/ 45% € E 16

2
\

Mega Cruise Pier Il

X

-16% ¢,
0 -90,
Hato Airport expansion 1% &_‘ 9% "

-9%
-2%

v
5
>

]
I

/N
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