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[bookmark: _Toc444858040][bookmark: _Toc517789999][bookmark: _Toc22210941]Abstract 
The Remote Tower concept is changing the provision of Air Traffic Services (ATS) in a way that it is more service tailored, dynamically positioned and available when and where needed, enabled by digital solutions replacing the physical presence of controllers and control towers at aerodromes.
Remotely Provided Air Traffic Service for Multiple Aerodromes (1 ATCO controlling up to three aerodromes) and development of the Remote Tower Centre are part of this development which started with Single Remote Towers (1 ATCO controlling 1 aerodrome, not from a conventional tower).
This document is the Cost Benefit Analysis (CBA) relating to the Multiple Remote Tower development of the SESAR operational concept. 
The main driver for PJ.05.02 is increased cost efficiency.
The OI steps that are addressed are:
SDM-0207: Multiple Remote Tower Module, MRTM (for up to 3 airports) for PJ.05.02 solution
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[bookmark: _Toc463965295][bookmark: _Ref474756039][bookmark: _Toc465954260][bookmark: _Toc517790000][bookmark: _Toc22210942]Executive Summary
[bookmark: _Ref323217511][bookmark: _Ref316387302][bookmark: _Ref319590615]This document provides the Cost Benefit Analysis (CBA) related to SESAR Solution PJ05-02 that has been validated during validation activities at a V3 level.
The CBA aims to provide results at ECAC level about the economic and financial viability of deploying PJ05 Solution 02 at European scale. Therefore, it will not provide sufficient detail to fully support individual deployment decisions that must take into account local environment/situation (e.g. lifespan of equipment, replacement timing, etc.). Rather, interested parties can take the mechanisms and inputs used at ECAC level and reference, refine and review them for their local CBAs.
The objective of the CBA for PJ.05-02 is to calculate cost and benefits of a Multiple Remote Tower Module (MRTM) that allows the Air Traffic Control Officer (ATCO) to deliver requested Air Traffic Service (ATS) for two or three airports simultaneously, taking into account that Single Remote Tower module have already been deployed at the considered ECAC locations.  
The CBA is calculated for the period – 2019-2040. The period was chosen according to recommendations of the Common Assumption Document.
The CBA showed that providing ATS to two or three aerodromes simultaneously from MRTM generates a positive Net Present Value (NPV) and costs are decreasing compared with Single Remote Tower.
It has been estimated that the implementation of the Solution at ECAC level would generate a Net Present Value amounting to 60 million €, with a 12 - year payback period. Such Net Present Value is derived considering an overall investment cost of 107 million € undertaken by the involved stakeholders and benefits amounting to 172 million € over the considered period. In to Solution involved stakeholders are only ANSPs due to Airport investments for infrastructure are assumed to have already taken place for the Single Remote Tower option and therefore not included here. The main benefit is that ANSPs can handle traffic at multiple airports with fewer ATCOs.
Economic and technical assumptions are described in the document in order to be consistent in the analysis.



[bookmark: _Toc22210943]Introduction


[bookmark: _Toc458079010][bookmark: _Toc465954262][bookmark: _Toc517790002][bookmark: _Toc22210944]Purpose of the document
[bookmark: _Toc458079011][bookmark: _Toc465954263]This document provides the Cost Benefit Analysis (CBA) related to SESAR Solution PJ05-02 that has been validated during validation activities at a V3 level.
The CBA is assessing the affordability of the solution with respect to its expected benefits.
· Cost refers to the monetary value of the investment that is used up to produce or acquire the benefit.
· Benefit refers to the positive value of the return on investment to (some of all) stakeholders. 
The focus of the CBA in V3 is to review data and update mechanisms and values. In this phase the net present value (NPV) results indicated in V2 are reviewed and updated. 
 
[bookmark: _Ref513471227][bookmark: _Toc517790003][bookmark: _Toc22210945]Scope
The CBA for SESAR PJ05 solution 02 was calculated between 2019-2040. The period was chosen to comply with the Common Assumption Document.
The objective of the CBA for PJ.05-02 is to calculate cost and benefits of a Multiple Remote Tower Module (MRTM) that allows the ATCO to deliver requested Air Traffic Service (ATC) for 2 or 3 airports simultaneously.
The following traffic characteristics provide an indication of the traffic volumes regarding simultaneous movements (including mix of IFR and VFR):
· 2 airports with 6 simultaneous movements in total 
· 3 airports with 4 simultaneous movements in total
· 10 to 20 movements (ground and air) per hour for all airports
The traffic volumes in specific situations might deviate from this indication depending on traffic complexity and other factors influencing task load for the controller. 
It is assumed that an ATCO can hold endorsements for up to 3 (single) different airports.
There is a fixed allocation of airports to a set of MRTMs. However, in case of ATCO overload, due to e.g. emergency, high traffic volumes or degraded mode, the ATCO can split one or two airports into one or two spare MRTMs if required. 
The geographical scope covers the European Civil Aviation Conference (ECAC) countries. 
Solution OI steps are applicable for small and other airports. According to the Airport OE Dataset which provided airports' classification results based on SESAR 2020 classification scheme of OEs and Sub-OEs in ECAC countries there are 1049 aerodromes (92 small aerodromes and 957 other aerodromes), but only 360 aerodromes with current ATS service may apply for multiple remote tower module operations benefits. 

[bookmark: _Toc458079012][bookmark: _Toc465954264][bookmark: _Toc517790004][bookmark: _Toc22210946]Intended readership
[bookmark: _Toc458079013][bookmark: _Toc465954265]The intended audience for this document are primarily all the partners involved in SESAR 2020 (PJ05) addressing solution 02 and solution 03.
External to the SESAR project, other stakeholders are to be found among:
· ANS providers;
· ATM infrastructure and equipment suppliers.
· Airspace users;
· Airport owners/providers;
· Affected NSA;
· Affected employee unions;

SESAR 2020 Projects/Solutions with dependencies to PJ05:
· PJ.14 (EECNS) CNS
· PJ.15 (COSER) Common Services
· PJ.16 (CWP/HMI) CWP-HMI
· PJ.18 4DTM
SESAR 2020 Transversal Projects:
· PJ.19 (CI) Content Integration
· PJ.20 (AMPLE) Master Plan Maintenance
· PJ.22 (SEabird) Validation & Demonstration Engineering
[bookmark: _Toc458079014][bookmark: _Toc465954266][bookmark: _Toc517790006][bookmark: _Toc22210947] Structure of the document
This document is divided in eleven sections:
•	Section 1 provides an executive summary;
•	Section 2 shows the purpose of the document and scope chosen to develop the CBA;
•	Section 3 presents the objectives of the CBA, the reference scenario against which to compare the solution, the stakeholders involved in and technical and economical assumptions used to develop the CBA;
•	Section 4 explains the CBA benefits;
•	Section 5 and 6 give the necessary information to develop a CBA: They analyse the cost categories and an approach to the benefits. These sections also provide an estimation of those costs and benefits;
•	Section 7 provide the results of the economic analysis: NPV and cash flows, benefit to cost ratio, payback period;
•	Section 8 presents sensitivity analysis;
•	Section 9 makes an analysis of the results and provides some recommendations for future economical studies;
•	Section 10 lists references and applicable documents;
•	Section 11 contains mapping between ATM Master Plan Performance Ambition KPAs and SESAR 2020 Performance Framework KPAs as appendix
[bookmark: _Toc22210948]Background
This document considers the work done in SESAR 1 Business Case CBAs for SESAR Solutions #71 and #52 (16.06.05 D51). 
The work done for single remote tower, and remote contingency, are the baseline for the multiple remote tower concepts but are not addressed further in this document. Information can be found in the data packs for the following operational improvements:
· SDM-0201 - Single Remote Tower for low density aerodromes 
· SDM-0204 - Contingency solutions for aerodromes with one main RWY
· SDM-0205 - Multiple solution for two low density aerodromes simultaneously
Resulting in the following SESAR solutions:
· Solution #71	
Single Remote Tower Services for small airports
· Solution #52	
Remote Tower Services for two low-density aerodromes
· Solution #12	
Single Remote Tower Services for medium traffic volumes
· Solution #13	
Remotely-provided air traffic services for contingency situations at aerodromes
As mentioned before, it is assumed that PJ05-02 Solution can be operational, when SESAR 1 solutions are implemented. Those elements will be part of the baseline for both the Solution Scenario and Reference Scenario.
[bookmark: _Toc458079015][bookmark: _Toc465954267][bookmark: _Toc517790007][bookmark: _Toc22210949]Glossary of terms
	Term
	Definition
	Source of the definition

	Net Present Value
	Net Present Value (NPV) is the sum of all discounted cash inflows and outflows during the time horizon period. 
	Investopedia

	Enabler
	New or modified technical system/infrastructure, human factors element, procedure, standard or regulation necessary to make (or enhance) an operational improvement. 
	ATM lexicon 

	Operational Improvement Step
	The elementary level of an operational improvement.
	ATM lexicon

	Multiple Remote Tower Module (MRTM)
	Term for the complete module including both the CWP(s) and the Visual Presentation display screens. A MRTM is defined as a workstation for one or two ATCOs able for providing ATS to more than one aerodrome simultaneously. The MRTM will enable the ATCO to maintain a view over the aerodromes including the manoeuvring area and surfaces as stipulated in regulation.
	OSED

	Remote Tower Module (RTM) 
	Remote Tower Module (RTM) is the term for the complete module including both the CWP and Visual Presentation display screens. An RTM is defined as a workstation for one or two ATCOs able for providing ATS to one single airport. The RTM will enable the remote tower operator to maintain a view over the aerodrome including the manoeuvring area and surfaces as stipulated in regulation.
	EASA

	Remote Tower Centre (RTC)
	The Remote Tower Centre (RTC) is the centralised facility housing one or more MRTMs where the provision of a remote ATS may be provided to one or more aerodromes from each MRTM.
	OSED


[bookmark: _Toc458079016][bookmark: _Toc465954268][bookmark: _Toc517790008][bookmark: _Toc22210950]List of Acronyms
	Acronym
	Definition

	ACC
	Area Control Centre

	ATC 
	Air Traffic Control

	ATM
	Air Traffic Management

	ATS
	Air Traffic Service

	ATCO
	Air Traffic Control Officer

	CAPEX
	Capital expenditure

	CBA
	Cost Benefit Analysis

	CHMIM
	Controller Human Machine Interaction Management

	CWP
	Controller Working Position

	ECAC
	European Civil Aviation Conference

	FTE
	Full time equivalent

	HC
	High complexity (airport)

	HMI
	Human Machine Interface

	LC
	Low complexity (airport)

	MET
	Meteorology

	MRTM
	Multiple Remote Tower Module

	NPV
	Net Present Value

	OPEX
	Operating and Maintenance costs

	PAR
	Performance Assessment Report

	PIRM
	Programme Information Reference Model

	PTZ
	Pan-Tilt-Zoom

	RTC 
	Remote Tower Centre

	RTM
	Remote Tower Module

	RTO
	Remote Tower Operations

	SESAR
	Single European Sky ATM Research Programme

	SJU
	SESAR Joint Undertaking (Agency of the European Commission)

	SWIM
	System Wide Information Management

	TMA
	Terminal Manoeuvring Area

	VCS
	Voice Communications System


[bookmark: _Toc458079017][bookmark: _Toc465954269][bookmark: _Toc517790009][bookmark: _Toc22210951]Objectives and scope of the CBA
[bookmark: _Toc517790010][bookmark: _Toc22210952][bookmark: _Toc458079018]Problem addressed by the solution
[bookmark: _Toc465954270]This section describes in a few words what the CBA is about, what decision it supports and what problem is addressed by the Solution.
The problem which Remote Tower is addressing is the high cost of providing ATS at small airports when the ATCOs are required to be physically present at the location.

[bookmark: _Toc517790011][bookmark: _Toc22210953]SESAR Solution description
The solution proposes the development of a remotely provided aerodrome air traffic service by a "multiple" setting. Those settings help to combine ATS services from various aerodromes in a centralized control room independent of airport location in order to make use of the valuable ATS provider resources more efficiently.
“Remote Tower“ is changing the provision on ATS in a way that is more service tailored, dynamically positioned and available when and where needed, enabled by digital solutions replacing the physical presence of controllers and control towers at aerodromes. 
SESAR PJ05 Solution is focusing on increased cost efficiency for local air traffic service at medium to small and other aerodromes with more complex environments.
More cost-efficient aerodrome ATS would allow rural, less frequented airports to work cost-efficient and to keep them in operations or even to increase the service levels for more day hours operations or even to upgrade non-controlled to controlled airports. All this would contribute to a better passenger comfort in terms of shorter travel times and better point to point connections.
The Multiple Remote Tower Concept shall contribute to the overall cost reduction of the European gate-to-gate ATM, by reducing costs for performing ATS at airports with 20 to 30 movements (air and ground) per hour in total.
“Single remote tower” solutions have already been deployed through the predecessor SESAR 1 projects, but more significant impacts in flexibility and cost-efficiency are to be expected with “multiple” remote control out of a remote tower centre.
Solution PJ.05.02 builds on results from SDM.0205 (2 low density aerodromes) and will continue to investigate multiple remote tower modules, MRTMs, for 2 small sized or 3 other aerodromes. One remaining aspect for more traffic is planning tools supporting the ATCO in his/her decision to split up aerodromes in a MRTM before workload is exceeded.
Solution 02 is focusing on increased cost efficiency for local air traffic service at small sized aerodromes.
Remotely Provided Air Traffic Service for Multiple Aerodromes shall increase cost efficiency by incorporating into the MRTM:
· a CWP, Controller Working Position, which enables ATCOs to deliver a safe continuous service to the connected aerodromes to the MRTM;
· a HMI that supports ATCOs to keep requested traffic levels at the different aerodromes in multiple mode;
· features for automation and support for operators in an environment with several connected aerodromes;
· representations of MET information for multiple airports and airports with more than one runway;
· enhanced PTZ functionality for a CWP suitable for several aerodromes;
· enhanced VCS;
· overlays to cope with several aerodromes at the same time; 
· developing ATCO planning tools in the Multiple RTM (MRTM);
while:
· addressing cyber security; 
· handling planning issues such as the daily operative work.
The difference between the new and previous operating method is mainly concerned with the ATCOs ability to provide ATS to more than one aerodrome simultaneously with kept safety and increased traffic. Training is also a difference, as ATCOs will not be monitoring the same aerodrome all the time and need to have knowledge of the procedures for all aerodromes in control, phraseology, etc.

	SESAR Solution ID
	OI Steps ref. (coming from the Integrated Roadmap)
	OI Steps definition (coming from the Integrated Roadmap)
	OI step coverage
	Comments on the OI step title / definition

	PJ.05-02 
	SDM-0207
	Remotely provided Air Traffic Service for Multiple Aerodromes  (for up to 3 aerodromes)
	Fully
	


[bookmark: _Toc458079059][bookmark: _Toc517792690][bookmark: _Toc13153095]Table 1. SESAR Solution PJ05 Scope and related OI steps



	OI Steps ref. 
	Enabler[footnoteRef:2] ref. [2:  This includes System, Procedural, Human, Standardisation and Regulation Enablers] 

	Enabler definition
	Enabler coverage
	Applicable stakeholder

	SDM-0207
	AERODROME-ATC-79
	Provide a Multiple Remote Tower Module (MRTM) that enables one ATCO to control multiple towers simultaneously
	Fully  
	Air Navigation Service provider  

	
	AERODROME-ATC-81
	ATCO planning tool for MRTM
	Fully
	Air Navigation Service provider

	
	AERODROME-ATC-82
	Technical supervision of MRTM
	Fully
	Air Navigation Service provider

	
	CTE-C14
	Advanced Voice Services for MRTM
	Fully
	Air Navigation Service provider

	
	
	
	
	


[bookmark: _Toc13153096][bookmark: _Toc458079060][bookmark: _Toc517792691]Table 2. OI steps and related Enablers 

[bookmark: _Toc458079019][bookmark: _Toc465954271][bookmark: _Toc517790012][bookmark: _Toc22210954]Objectives of the CBA

The main objective of the V3 CBA is to assess the economic feasibility of the PJ05-Solution 02 “Remotely Provided Air Traffic Services from a Multiple Remote Tower Module, MRTM”.
The output is a quantitative assessment of both cost and benefits of the chosen solution.



Organizations and entities who will have to pay for or will be impacted by the PJ05-Solution 02 directly or indirectly are presented in Table 4.
The airspace users are receivers of the ATS service. However, neither their role nor their responsibility will change as a result of the introduction of multiple remote ATS. 
Airport owners are looking for solutions to reduce cost whilst increased technology demands for any new technology need to be balanced. Multiple Remote Tower with Single Remote Tower as baseline will use the same airport equipment which is already available for Single Remote Towers.
The primary actors impacted by multiple remotely provided ATS are the ATCO. Based on the single remote tower environment, the overall roles and responsibilities of the ATCO will not change, in so far as they will remain responsible for the provision of the required services at the airport/airports. 
It will still be the responsibility of the airport authority / ATS service provider to ensure that the equipment is properly maintained and kept in acceptable condition. The ATCO will not be responsible for faults or failures due to lack of maintenance or design issues. These issues will be addressed by qualified engineers and technicians.

 
	Stakeholder
	The type of stakeholder and/or applicable sub-OE
	Type of Impact 
	Involvement in the CBA task
	Quantitative results available in the current CBA version

	ANSP
	Civil ATS Aerodrome Service Provider
	Benefit: ANSPs expect a reduction of cost for running local air traffic service at aerodromes
Costs: ANSPs pays for the MRTM 
	Only ANSPs are candidates for deployment of Remote ATS. 
ANSPs will be able to implement the systems
	Both costs and benefits

	Staff union and organisations (ETF/IFATCEA)
	
	Staff working in a MRTM and RTC will be affected when working with more than one aerodrome at a time. Their expectations are that the technology will ensure that daily work can be performed in a safe and controlled manner.
	Not involved in analysis
	No cost and benefit estimation

	ATM infrastructure and equipment suppliers
	Technology Provider
	Industries are affected by new requirements on multiple remote towers and the need for stable systems
	Not involved in analysis
	No cost and benefit estimation

	Airspace users
	ATS users
	Benefit: Airspace users expect to continue to be served by aerodromes without impact on scheduled traffic with a kept availability for each of the aerodromes controlled in Multiple mode. Also airspace user can expect to have lower fees in long term.
	Not involved in analysis
	No cost and benefit estimation

	Affected NSA
	
	NSAs expect that any new technology is safe and stable for air traffic service and that the applied methodology is properly adapted to the technology
	Not involved in analysis
	No cost and benefit estimation

	Airport owners/providers
	ANS Provider
	Airports expect prices for ANS to decrease with Multiple Remote Tower without a negative impact on their availability for flying customers.
	Not involved in analysis
	No cost and benefit estimation
Airport infrastructure is assumed to already be deployed in the Reference Scenario which includes the Single Remote Tower solution


[bookmark: _Toc13153097][bookmark: _Toc458079061][bookmark: _Toc517792692]Table 3. SESAR Solution PJ05 CBA Stakeholders and impacts 
[bookmark: _Toc458079021][bookmark: _Toc465954273][bookmark: _Toc517790014][bookmark: _Toc22210955]CBA Scenarios and Assumptions
[bookmark: _Toc458079022][bookmark: _Toc465954274][bookmark: _Toc22210956]Reference Scenario 
The baseline for multiple remote tower operations is the single remote tower operations, which enables the provision of remote ATS for a single aerodrome and is already available. Single Remote Tower is characterised by one ATCO providing ATS to a single aerodrome remotely from a Remote Tower Module (i.e. not a conventional tower building). ATCOs are used to providing ATS from a single RTM, in some cases with endorsements for several airports connected to the centre. Technical enablers, communications, radar displays and other features/function assist the controller with the provision of ATS. The traffic situation is viewed using a high resolution panoramic display located in the Remote Tower Module.
[bookmark: _Toc458079023][bookmark: _Toc465954275][bookmark: _Toc22210957]Solution Scenario 
An ATCO provides ATS operations to 2 or 3 aerodromes simultaneously. The difference between solution 02 and single Remote Towers is the increased traffic levels and increased needs of planning tools for the ATCO to enable a capability to cope with the increased complexity. The objective for PJ.05-02 is to develop and validate a MRTM that allows the ATCO to maintain situational awareness for 2 or 3 airports at a time. The following traffic characteristics are just providing an indication of the traffic volumes regarding simultaneous movements (including mix of IFR and VFR):
· 2 airports with 6 simultaneous movements in total 
· 3 airports with 4 simultaneous movements in total
· 10 to 20 movements (ground and air) per hour for all airports
The traffic volumes in specific situations might deviate from this indication depending on traffic complexity and other factors influencing task load for the controller. 
In order to be able to allow more airports and/or higher traffic volumes to be controlled simultaneously from one MRTM compared to SESAR 1 solution #52 or #12, the solution validates advanced features of the visual reproduction as well as additional voice services being integrated into the MRTM. 
There is a fixed allocation of airports to a set of MRTMs (i.e. they cannot be recombined in different configurations). However, in case of ATCO overload, due to e.g. emergency, high traffic volumes or degraded mode, the ATCO can split one airport into a spare MRTM if required. 
[bookmark: _Toc478998073][bookmark: _Toc478998131][bookmark: _Toc478998592][bookmark: _Toc478998883][bookmark: _Toc478999181][bookmark: _Toc22210958]Assumptions
Summary of main assumptions:
	Variable 
	Value	
	Source 

	Applied currency 
	EUR
	

	Solution period 
	20 years (2019-2040)
	SESAR PJ19

	Investment period (standalone deployment) 
	2023-2025
	Start  of  implementation is 3 years before Benefits start date (IOC). In EATMA IOC is 30/06/2026 and FOC years is 30/06/2030.

	Investment period (ECAC level)
	2023-2030
	Start  of  implementation is 3 years before Benefits start date (IOC). In EATMA IOC is 30/06/2026 and FOC years is 30/06/2030

	Discount rate 
	8 %
	SESAR PJ19

	No of controlled airports per multiple remote tower module
	3	
	Validation report

	Annual costs of an ATCO
	145 000 per year
	Standard Inputs for EUROCONTROL Cost-Benefit Analyses [16]

	No of ATCO to man 3 single (or multiple) remote tower modules without solution (i.e. one aerodrome is handled per module)
	8
	PJ.05-02 CBA team assumption

	No of ATCO to man a multiple remote tower module with solution (i.e. three small or other aerodromes are handled per module)
	6 (25% reduction)
	PJ.05-02 CBA team assumption

	Investment costs with solution (Investments costs for 2 controller positions including the cost of network devices and network infrastructure associated with the surveillance system, and other possible technology related costs that could be necessary to provide service for 3 aerodromes simultaneously)
	1 440 000
	Estimated by internal project experts + project partners judgement
MRTM implementation costs can vary from 0.6 M to 2 M, it depends on integrity of independent different single remote tower solutions. The more similarities the simpler (software, hardware, ATM systems etc.) the merge of single remote tower unit into an MRTM.

	Operational costs for technology with solution 
	65 000 per year
	Estimated by internal project experts + project partners judgement


[bookmark: _Toc13153098]Table 4. Main Assumptions  
More details on the assumptions include: 
· Benefits will be realized through improved ATCO productivity (number of flights per ATCO hour) and reduced operating costs (cost savings) as an increased number of aerodromes are controlled by one ATCO while traffic at each aerodrome remains the same;
· For the investment costs, it is assumed that the Multiple Remote Tower Module is located in current ANSP facilities. Remote Tower module operational improvement investment is calculated for connection and equipment for 2 working positions (primary and backup  - 2 sets of screens and interfaces linked to the same processing system);
· Each of the three aerodromes are assumed to be aerodromes that already have a staffed remote tower and where ATS service are already provided (from single remote towers). 
· Based on PJ05-02 OI step  SDM-0207 it is assumed that remotely provided air traffic service is served up to 3 aerodromes at a time from one MRTM position;
· Roles and responsibilities of one ATCO is assumed to be extended to (all covered by one ATCO):
· Tower Clearance Delivery Controller
· Tower Ground Controller
· Tower Runway Controller
· Apron Manager
· Approach controller (optional)


The table below and figures present an example of the number of ATCO required:
	Single RT
	No of ATCO
	Multi RT 2 AD
	No of ATCO
	Multi RT 3 AD
	No of ATCO

	1 AD small
	2
	2 AD small
	2 ATCO, 
1 back up ATCO
	
	

	1 AD small
	2
	
	
	
	

	Total small
	4 ATCO
	
	3 ATCO
	
	

	1 AD other
	1*
	
	
	3 AD other
	1 ATCO, 
2 back up ATCO

	1 AD other
	1*
	
	
	
	

	1 AD other
	1*
	
	
	
	

	Total small
	4 ATCO
	
	
	
	3 ATCO

	Reduction
	
	
	25%
	
	25%


[bookmark: _Toc13153099]Table 5. ATCO reduction 
Regarding the number of ATCO required in the solution scenario to man 3 different aerodromes compared to the reference scenario the following improvements are assumed (as example):
a. providing ATC from Single Remote Towers (reference scenario) for 3 aerodromes in total for all airports requires a staff of 8. (3 such type of aerodromes need 1 ATCO per shift and aerodrome = 3 x 1 in Single RTM plus 1 spare ATCO per shift– total of 8 per shift, for overall operation is needed 2 shifts).
b. providing ATC from Multi Remote Towers (solution PJ05.02) for 3 aerodromes with the same traffic characteristics requires a staff of 6. The assumption is that with this solution 1 ATCO can hold endorsements for up to 3 (single) different airports.
The improvement with this solution is reduction of ATCO numbers that is 25% because instead of the staff of 8 in single remote towers, a staff of 6 is sufficient. This assumed reduction is in line PJ05.02 Performance Assessment Report according to which the number of ATCO can be reduced by up to 25% for small and medium aerodromes. The calculation is based on generic approach, not limited to validation exercises. From single remote to Multi remote the reduction is in the number of ‘active’ ATCOs, since only 2 ATCOs are required to actively control 3 aerodromes as from one MRTM (one MRTM consists of 2 CWP). Nevertheless, with solution Multi remote towers we still need 4 ‘spare’ ATCOs considering the followings:
· firstly, each active ATCO needs a ‘spare’ one to switch their position during the shift as needed (2 ‘standby’ ATCOs) according to:
· the maximum time at a position without a fatigue break, 
· the number of night duties permitted, 
· the length of the shift cycle, 
· the policy regarding including break times as working time or not
· other local working conditions, and 
· secondly, with solution PJ05.02 it is assumed that:
· there is a fixed allocation of airports to a set of MRTMs, 
· only possibility is to split to spare RTMs/MRTMs, in case of ATCO overload (due to e.g. emergency, high traffic volumes or degraded mode) the ATCO can split an airport into a spare RTM/MRTM if required. So there should be spare RTMs/MRTMs as backup behind each ‘active’ MRTMs and the remaining 2 ‘spare’ ATCOs could take over one/more aerodromes when such a split is required. 
· Overall 18 hours of aerodrome opening hours on average, thereby continuous two-shift operation is assumed in the CBA.   
User characteristics are assumed as follows:
· ATCO: The ATCO will have main responsibility for the provision of ATS. 
It is assumed that the TWR ATCO is responsible for assuring safe operations and provision of air traffic control services for the aerodrome maneuvering area and the vicinity of the aerodrome. This includes responsibility for clearance delivery, ground control, arrival management, departure management and flight data processing. Number of ATCOs are captured in details in the CBA.
· Other stakeholders: As noted in 3.4 Stakeholder identification, no quantitative results is available in the CBA for stakeholders other than ANSPs.
[bookmark: _Toc3387827]   3.5.3.1 Assumptions on costs
Pre-implementation costs
R&D and pre-industrialisation costs are already incurred in the SESAR Development Phase and therefore not included in the cost assessment.
Implementation costs
· Capital costs and other one-off costs that are incurred during the implementation period. These include the costs of equipment & systems as well as integrations costs. Other one-off costs cover initial training, installation and administrative costs.
· It is assumed that the Multiple Remote Tower Modules are located in current ANSP facilities and no building & facilities and land & property costs are captured in the implementation costs. The housing facility will differ per location based on local circumstances. 
· Costs were estimated for the enablers required in addition to those needed for the existing separate single remote towers (reference scenario) at all considered aerodromes.

· Since the underlying technological solution is very specific to the different aerodromes for which the multi-remote tower is being implemented, detailing the cost of technology was not evaluated. It is also important to point out that there are several ways (i.e. different types of equipment) to implement the solution.

· The source of the implementation costs in the CBA is stakeholder judgement plus internal experts’ estimations based on experience.
Operating costs
· Personnel cost of ATCOs is estimated by annual ATCO costs input from Standard Inputs for EUROCONTROL Cost Benefit Analyses [16]. Average ATCO employment costs are considered although staff working at remote centre locations may have higher costs due to additional compensation.
· The source of ongoing operating costs related to technology implemented with the solution is stakeholder judgement plus estimations of internal experts.
· The benefits assumed above are assumed to be realized through savings in staff costs.
· Cost savings are not realized immediately but ramp-up over time.
· The actual reduction in costs will differ per location based on local circumstances.
Costs of the solution per stakeholder groups
· ANSP’s will incur the costs. No other stakeholder will incur any costs. To airport, related investments are already included in the reference scenario.
[bookmark: _Toc3387828]  3.5.3.2 Deployment assumptions
In the CBA scenario - for deployment – MRTM are installed and three aerodromes are controlled from these positions, the aerodromes were previously controlled from single remote towers. If an ANSP want to deploy MRTM from scratch they should take the CBA of Single Remote Tower [8] and this CBA and build a new model for their local characteristics based on the two.
[bookmark: _Toc458079024][bookmark: _Toc465954276][bookmark: _Toc517790015][bookmark: _Toc22210959]Benefits

[bookmark: _Toc517790016][bookmark: _Toc22210960]Benefits of Solution 02
The key benefit is improving Cost Efficiency through improved ATCO productivity (CEF2) and reduced operating costs.  Cost Efficiency is achieved while maintaining importance of safety, capacity and human performance at the aerodromes.
A remote solution with ATCOs controlling 2 or 3 aerodromes from Multiple Remote Tower working positions in a Remote Tower Centre has a possibility to reduce costs for staff. Different rostering is possible in an environment where several controllers are controlling several aerodromes.
Cost Efficiency is achieved, however, at the same time: 
· the solution maintains safety levels for local Air traffic services,
· aerodrome capacity will not change with Multiple Remote Tower Operations. The same procedures apply for providing aerodrome control service as with operations from a local tower. In general, traffic demand is expected to be below aerodrome capacity at aerodromes characterized by 10 to 20 movements (air and ground) per hour in total. In CBA the aerodrome capacity changes in demand are not considered. 
4.1.1. [bookmark: _Toc3387833]Quantitative benefits
In the Benefit and impact mechanism (BIM) four KPAs were analysed: cost efficiency, safety, capacity and human performance.
Only one KPA could be analysed in terms of economic units: Cost efficiency (in terms of operating cost reduction).
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The main driver for Remote Provision of ATS for multiple aerodromes is Cost Efficiency. However, this has not been fully proven through the validation activities. 
Therefore, the reduction in ATCO numbers as CBA Model input came from expert opinions after analyzing the results of the validations. The PAR (Performance Assessment Report) has calculated the ‘Absolute ANS Cost efficiency at ECAC level’ (CEF 1) (0.354%) based on extrapolating the 25% ‘ATCO number reduction’ to ECAC level. The 0.354% value is applicable for  top-down CBA approach (where the CBA model contains ECAC level parameters). However, as this CBA is built from a bottom-up approach (the CBA model focuses on a single (ANSP) deployment location before multiplying up to ECAC level), the 25% value is appropriate.

For a single deployment of the Solution (not on ECAC level) the following benefits are monetized:
	 
	Without solution (reference scenario)
	 
	With solution
	
Ratio of benefit monetization
	Benefit (annual) [(e2-e1)*80%]; [(g2-g1)*80%]

	 Ref
	Description
	Value
	 Ref
	Description
	Value
	
	

	a1
	No of airports controlled
	3
	a2
	No of airports controlled
	3
	
	 

	b1
	No of atco to man 3 single remote towers per shift
	8
	b2
	No of atco for multiple remote tower modules in RTC per shift
	6
	
	 25% assumed ATCO number reduction

	c1
	Number of shifts per day1
	2
	c2
	Number of shifts per day1
	2
	
	 

	d1
	Annual costs of an atco
	145 000 EUR
	d2
	Annual costs of an atco
	145 000 EUR
	
	 

	e1
	Atco (personal) costs for 3 single remote towers (annual) [b1*c1*d1]
	2 320 000 EUR
	e2
	Atco (personal) costs for multiple remote tower modules in RTC (annual) [b2*c2*d2]
	1 740 000 EUR
	80%
	580 000 EUR

	 
	 Total benefit per year
	 
	 
	 
	 
	
	580 000 EUR


[bookmark: _Toc13153100]Table 6. Results of the benefits monetisation

Based on the assumptions described in ‘3.5.3 Assumptions’ section, benefits derived from improved ATCO productivity and reduced operating costs are monetized.
[bookmark: _Toc3387834]4.1.1.1 Benefit monetization on ATCO costs
Three aerodromes characterized by 20 to 30 movements (air and ground) per hour in total for all airports require a staff of 4 per shift in a Solution PJ05-02 of aerodromes to MRTMs compared to the reference scenario (without solution) that requires a staff of 6 per shift in three Single Remote Towers. It assumes an ATCO number reduction of 25% compared to the reference scenario. 
· Monetization of cost of ATCOs – assuming two shifts per day - presents that:
· Annual ATCO costs of 3 single remote towers amounts to 2.32 M€
· Annual ATCO costs of multiple remote tower modules amounts to 1.74 M€
This results in a benefit on ATCO costs amounting to 0.58 M€ annually.
In the benefit monetisation only 20% (80% of the 25% ATCO number reduction) is considered for the cost saving as ANSPs cannot immediately adjust their staff resources. The benefits monetized above (cost savings) are not realised immediately but ramp-up over time. In the investment period (assumption is 2023-2025) no benefit is realized. After the deployment it is considered that the benefit monetized will be gradually realized and is expected that the 0.46 M€ annual benefit will be reached by 2027 (2 years after the completion of investment period). 
[image: ]
[bookmark: _Toc13582502][bookmark: _Toc13656740]Figure 1: Assumptions on ATCO number improvements
The table below presents the benefits assumed in the CBA’s reference period:
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	[bookmark: _Ref458072630][bookmark: _Toc458079063][bookmark: _Toc323222542]Performance Framework KPA[footnoteRef:3] [3:  For information, the mapping to the Performance Ambition KPAs (used in the ATM Master Plan) is available in the Appendix.] 

	
Focus Area
	KPI/PI from the
Performance Framework
	
Unit
	
Metric for the CBA
	
Unit
	
Year 2019
	
Year 2026
	
Year 2040

	Cost Efficiency
	ANS Productivity
	CEF2
Flights per ATCO-Hour on duty
	Nb
	ATCO employment Cost savings (2 or 3 aerodromes)
	M€/year
	n.a
	0.23
	0.46

	
	
	CEF3 Technology cost per flight
	EUR / flight
	Technology cost change
	€/year
	-
	-
	-


[bookmark: _Toc13153101][bookmark: _Toc517792694]Table 7. Results of the benefits monetisation per KPA 
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[bookmark: _Toc458079025][bookmark: _Toc465954277][bookmark: _Toc517790017][bookmark: _Toc22210961]Cost assessment
[bookmark: _Toc478998077][bookmark: _Toc478998135][bookmark: _Toc478998596][bookmark: _Toc478998887][bookmark: _Toc478999185][bookmark: _Toc478998078][bookmark: _Toc478998136][bookmark: _Toc478998597][bookmark: _Toc478998888][bookmark: _Toc478999186][bookmark: _Toc517790018][bookmark: _Toc22210962][bookmark: _Toc458079026][bookmark: _Toc465954278]Cost assessment for Solution 02
Cost assessment provided below includes only the delta value implied by the solution over the reference scenario. All the costs imputable to the reference scenario and not to the solution scenario are not included.
[bookmark: _Toc22210963]ANSPs costs 
[bookmark: _Toc3387839]Cost descriptions
It can be considered three cost groups:
· Pre-implementation costs: R&D and pre-industrialization costs are already incurred in the SESAR Development Phase and therefore not included in the cost assessment.
· Implementation costs:
· Capital costs of implementation: Cost incurred to implement the project. Mainly these are cost of equipment & systems and integrations costs related to the enablers listed in 3.2 SESAR solution description.
· One-off implementation costs: one-off implementation costs incurred during the implementation period, such as training, program management. 
Although the manpower has planned training every year (refresh of procedures, new systems, etc), CBA considers that the trainings associated to the solution will be additional to the standard one.
· Operating costs:
· ATCOs in OPS (personal) costs: this category consists only of ATCOs working in Operations. Full-time equivalent (FTE) ATCOs are defined as participating in an activity that is either directly related to the control of traffic or a necessary requirement for ATCOs to be able to control traffic. One Full Time Equivalent (FTE) is assumed to be the hours worked by one person on a full-time basis. This working time is converted into Employment Costs. Employment costs comprise gross wages, salaries and contributions to social security schemes, taxes, pension contributions and other staff-related costs. Usually this category benefits from a higher salary than other staff categories and has a direct impact on productivity. 
· Operating costs for technology: this category is related to maintenance, technical supervision, data transmission services and other technology related services.
[bookmark: _Toc3387840]Quantitative costs

•	Pre-implementation costs: 
As already noted, this type of costs is not included in the cost assessment.
· Implementation costs:
Cost quantification provided below for implementation costs is based on CBA’s the assumption that a MRTM provides remote ATS for two or three aerodromes. These costs are extrapolated to ECAC level in section 7.2 is assumed (not on ECAC level).
Distribution of implementation costs is presented in the chart below. It is expected that about 83 % of the implementation costs is related to ANS infrastructure development, multi TWR CWPs and voice communication infrastructure. Other considerable part of the costs is training for the solution. Training costs assumed in the CBA is on the premise that it covers additional costs to be incurred on ATCO certification or regulatory approval associated with ATCO licensing to have unit endorsements for more airports at the same time.


[bookmark: _Toc13561205]Figure 1:  Overall implementation costs of MTRM 
Readers are reminded in respect of implementation costs that, we assume prior implementation of the Single remote tower solution, and thus we assume that airportside installation of cameras and related the airportside network infrastructure are already implemented. Implementation costs is expected to be incurred over 3 years for standalone deployment and 7 years for ECAC level.


[bookmark: _Toc13561206]Figure 2:  MRTM implemetation costs per Unit -ANSP  
Implementation costs over the three years of investment period is assumed to be distributed in the CBA as follows until the complete rollout. In case of ECAC level deployment the CBA considers a longer investment period (5 years) as the deployment of the MTRM is spread over the deployment period.
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The following table includes the investment costs for “solution scenario”:
	Enabler
	Description
	One-off implementation cost (€)
	Capital implementation cost (€)
	Maintenance cost (€ - yearly)
	Administration cost (€ - yearly)
	Total implementation cost
	Total operating cost

	Aerodrome ATC-79 -Multiple Remote Tower Module
	Provide a Multiple Remote Tower Module (MRTM) that enables one ATCO to control multiple towers simultaneously
	90 000
	650 000
	30 000
	 
	740 000
	30 000

	
	
	ATCO training cost
	Out The Window, CHMIM Aerodrome ATC,  G/G Communication ATC
	Hardware and software maintenance and repair
	 
	
	

	
	
	
	
	
	 
	
	

	
	
	
	
	
	 
	
	

	Aerodrome ATC-81-ATCO planning tool for MRTM
	ATCO planning tool for MRTM
	-
	200 000
	15 000
	
	200 000
	15 000

	
	
	-
	Multiple Remote Aerodromes Management
	Hardware and software maintenance and repair
	
	
	

	Aerodrome ATC-82-Technical supervision of MRTM
	Technical supervision of MRTM
	90 000
	-
	-
	 
	90 000
	 

	
	
	
	
	
	
	
	

	
	
	ATSEP training
	 
	 
	 
	
	

	
	
	
	
	
	
	
	

	CTE –C14- Advanced Voice Service
	Advanced Voice Services for MRTM
	60 000
	350 000
	20 000
	-
	410 000
	20 000

	
	
	-
	A/G Voice Communication / ATCO & Crew
	Hardware and software maintenance and repair
	-
	
	

	Total
	Overall cost value
	240 000,00
	1 200 000,00
	65 000,00
	 
	1 440 000,00
	65 000,00



[bookmark: _Toc13153102]Table 8. Enablers cost
[bookmark: _Toc458079051][bookmark: _Toc465954303][bookmark: _Toc517790019][bookmark: _Toc22210964]CBA Model
The following figure shows the CBA model, that includes cost and benefit mechanisms as inputs and NPV, benefit-cost ratio and payback period as outputs.
The calculation of NPV, benefit-cost ratio and payback period is not straightforward, because the exact values of costs and benefits are not known. For this reason, the impact of low, base and high values of inputs to the NPV are estimated (sensitivity analysis) in section 8.  
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[bookmark: _Toc13561207]Figure 3:  CBA Model 





[bookmark: _Toc458079052][bookmark: _Toc465954304][bookmark: _Toc517790020][bookmark: _Toc22210965]Data sources
The data required to perform the Cost Benefit Analysis for Solution PJ.05 has been obtained from varying sources.
Sources of information are: 
• Data from other studies (SESAR 1 Solution #71, PJ.05-03)
• ANSP (SE “Oro navigacija”) internal resources (experts from Technical, Operational and Finance departments)
• ANSP industrial partner’s recommendations
• Methodology for the Performance Planning and Master Plan Maintenance, PJ20
• Airport OE Dataset, PJ20
• Standard Inputs used in the development of previous Cost Benefit Analyses related to ATM operational improvements
[bookmark: _Toc458079053][bookmark: _Toc465954305][bookmark: _Toc517790021][bookmark: _Toc22210966]CBA Results
[bookmark: _Toc22210967]Deploying solution 
The Figure below shows discounted benefits, discounted costs and cumulative cash flow for remotely provided ATS for multiple aerodromes (2 or 3 aerodromes).

[bookmark: _Toc13561208]Figure 4:  The outputs of the CBA of MRTM deployment for 2 or 3 ADs 
The Table below represents the outputs of the CBA.
	One Multiple Remote Tower Module (for 2 or 3 small aerodromes)
	NPV
	Benefit-Cost ratio
	Payback period
	Costs (discounted)
	Benefits (discounted)

	
	0.9 M EUR
	1.7
	13.1
	1.2 M EUR
	2.1 M EUR


[bookmark: _Toc13153103][bookmark: _Toc518031315]Table 9. The outputs of the CBA (for 2 or 3 small aerodromes) 
The CBA shows that the implementation of the Solution compared with a scenario “without Solution” in which such investments would not be undertaken, would generate a Net Present Value amounting to 0.9 million €, with a 13.1 - year payback period. Such Net Present Value is derived considering an overall cost is 1.2 M €. 

[bookmark: _Toc22210968]Solution in ECAC level
Solution OI steps are applicable for small and other airports. According to the Airport OE Dataset provided airports' classification results based on SESAR 2020 classification scheme of OEs and Sub-OEs in ECAC countries are 1049 civil aerodromes, which may apply for multiple remote tower operations benefits, but in analysis is assumed that only aerodromes with current ATS service are applicable for the solution. In ECAC countries is considered that 360 aerodromes may apply for multiple remote tower operations benefits. If an ANSP want to deploy MRTM from scratch they should take the CBA of Single Remote Tower [8] and this CBA and build a new model for their local characteristics based on the two.
CBA results are aggregated to ECAC level assuming there are 120 MTRM based in existing ANSP buildings. This includes 8 MRTM in 15 countries each controlling 3 aerodromes in order to cover all 360 aerodromes.  
The Figure below shows discounted benefits, discounted costs and cumulative cash flow for remotely provided ATS for multiple aerodromes with MRTMs in case of ECAC level: 


[bookmark: _Toc13561209]Figure 5:  CBA results on ECAC level 
The Table below represents the outputs of the CBA.
	One Multiple Remote Tower Module (for 2 or 3 small aerodromes)
	NPV
	Benefit-Cost ratio
	Payback period
	Costs (discounted)	
	Benefits (discounted)

	
	60 M EUR
	1.5
	12.3
	107.8 M EUR
	172.3 M EUR


[bookmark: _Toc13153104]Table 10. The outputs of the CBA  (ECAC level) 
At ECAC level solution investment period start from 2023 and end date of investment period is 2030, the benefits are assumed to firstly starts in 2026.  
[bookmark: _Toc458079054][bookmark: _Toc465954306][bookmark: _Toc517790022][bookmark: _Toc22210969]Sensitivity and risk analysis
Risk assessment of the project included the following steps: 1) sensitivity analysis, including break-even point analysis; 2) risk values calculation and risk-adjusted NPV calculation, and; 3) Monte Carlo analysis. Since detailed calculations are provided in the spreadsheet, only the main results are presented in this document.
Sensitivity
Among the direct variables (CFs) having impact on return indicators, ATCO staff cost savings are assessed to be critical variable for NPV change, i.e. percentage change of this variable effects greater (>1) percentage change of NPV. However, in comparison with investment cost variables, much stronger attention should be paid to means of helping to manage both operating and infrastructure maintenance cost savings.
[image: ]
[bookmark: _Toc13561210]Figure 6: NPV % change depending on % change of direct factors
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[bookmark: _Toc13153105]Table 11. Critical and non-critical variables
Break-even points analysis disclosed that there are big reserves in respect of all variables to absorb their changes regarding profitability of the project. Depending on variable, the changes can be greater from nearly one to several times. These results show that this project is quite save to recover investments and earn a prefer benefit (discount rate 8%)


	Variable
	Change
	Value of CF

	Total implementation cost
	98.29%
	2.95

	Total additional operating costs
	278.1%
	3.686

	Atco cost  savings
	-42%
	3.832

	Discount rate
	138.3%
	19.07%


[bookmark: _Toc13153106]Table 12. Break-even points
Risk-adjusted NPV calculation
Risk-adjusted NPV was calculated by using the probability distributions (PDs), which, based on their characteristics, are most suitable and typically apply for risk assessment of appropriate CFs of investment projects.
To assess investment cost overrun risk, loglogistics (3 parameters) PD was used, of which parameters (α = 2.7906, β = 0.28554, γ= 0.72694, mode = 0.94519) are based on the empirical research, the parameters used reflect the observed tendencies of planned cost overrun risk related to investments into equipment and other similar long-term asset.
For risk assessment of additional operating costs and savings, the triangular PD was used assuming that values of CFs can vary in a range between 70% (parameter a) and 200% (parameter b) of the most likely value (parameter c – mode).
To calculate risk-adjusted CFs, investment costs and operating costs were increased by risk values. While, savings were decreased by risk values. Risk values for a 70% confidence interval were calculated.
Considering the risk-adjusted CFs, investment costs with the preferable discount rate (8%) is not recovered. This shows that in this case, that is considered the worst-case scenario, the solution remains unbenefit (NPV <0).

[image: ]
[bookmark: _Toc13561211]Figure 7: Risk-adjusted NPV of MTRM deployment
Monte Carlo simulation
The results of simulation of 1 000 iterations show probabilities to get the appropriate NPVs, which were calculated considering the previously mentioned risk assumptions.
There is a probability that the solution will not provide financial return due to NPV is negative. While, the most likely value of NPV falls in a range between 0.41 and 1.29 million Eur. the results disclose that the solution is relatively low-risk and worth to implement.
[image: ]
[bookmark: _Toc13561212]Figure 8: Histogram of NPV (results of Monte Carlo simulation / 1 000 iterations
[bookmark: _Toc458079055][bookmark: _Toc465954307][bookmark: _Toc517790023][bookmark: _Toc22210970]Recommendations and next steps

The purpose of next steps is transition from research to deployment in an operational environment, by further development of operational concepts and supporting enablers.
The analysis has identified that implementation of PJ.05-02 solution scenario might have a significant positive impact at ECAC level (discounted benefits 172 M).
PJ.05-02 solution (standalone) estimated deployment cost is 1.4 M and may vary from 0.6 M to 2 M, depending on integrity of different single remote tower solutions. The more similarities (software, hardware, ATM systems etc.) the simpler the merge of single remote tower units into an MRTM.
[bookmark: _GoBack]
Recommendations and Additional activities
Additional activities to be considered during deployment are:
The platforms used for the validations included all systems needed at V3 level. A refinement of layout and manoeuvring of systems is needed at a local deployment related to systems used. Specific details for system failure and back up as well as local procedures and harmonisation need to be considered:
· Local procedures at the different aerodromes should be harmonized as much as possible
· Coordination needs with other sectors depending on APP/ACC sectors and airport coordination should be reduced as far as possible by using system support
· Alerts and alarms should be harmonised. The same alerts and alarms should be available at the aerodromes that are controlled by one ATCO. The alerts and alarms should be displayed to the ATCO in the same way. The same interaction with the alerts and alarms should be provided to the ATCO for the alarms and alerts of the different aerodromes
Depending on chosen technical system and layout, the deployment needs a Safety Assessment on the system for deployment. This to find proper mitigations for degradation where a split in to Single Remote Tower has the lowest impact on airport capacity and termination of service has the highest cost reduction in staffing.

· The procedures for degraded modes along with the minimum system performance should be considered as they impact traffic levels and required mitigations.

MRTM solution deployment directly rely on ATCO productivity.  Due to reduction in ATCO numbers, ATCO workload increases and the number of flights that can be managed by the controller per hour on duty may vary differently. In cases were flight numbers (managed by controller per hour on duty) stay the same, switching between airports itself might create additional workload and reduce ATCO capacity. As ATCO staff cost savings are very sensitive in this analysis, further ATCO productivity research in different scenarios is needed.
Nevertheless, CBA shows that solution generated positive NPV, sensitivity and risk analysis shows that the worst-case scenario the solution NPV is negative.
1. [bookmark: _Ref458078055][bookmark: _Toc458079056][bookmark: _Toc465954308][bookmark: _Toc517790024][bookmark: _Toc22210971]References and Applicable Documents
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[bookmark: _Ref465949550]SESAR 16.06.06-D26_04, Guidelines for Producing Benefit and Impact Mechanisms, Edition 03.00.01
[bookmark: _Ref465949592]SESAR 16.06.06-D26_03, Methods to Assess Costs and Monetize Benefits for CBAs, Edition 00.02.02
[bookmark: _Toc458079058][bookmark: _Toc465954310][bookmark: _Toc517790026][bookmark: _Toc22210973]Reference Documents
[bookmark: _Ref465949712][bookmark: _Ref474756832]Common assumptions for CBAs as maintained by Pj19 (provisionally the ones included in the 16.06.06- D68_Part 1, New CBA Model and Methods 2015, Edition 00.01.01 can be used)
[bookmark: _Ref480965336][bookmark: _Ref463820517]European ATM Master Plan Portal  https://www.atmmasterplan.eu/
B.05 D86 Guidance on KPIs and Data Collection support to SESAR 2020 transition. 
 16.06.06-D68 Part 1 –SESAR Cost Benefit Analysis – Integrated Model
 16.06.06-D51-SESAR_1 Business Case Consolidated_Deliverable-00.01.00 and CBA
 Method to assess cost of European ATM improvements and technologies, EUROCONTROL (2014)
 Standard Inputs for EUROCONTROL Cost Benefit Analyses (Edition Number:8.0, Edition date: January, 2018)
 16.06.06_D26-08 ATM CBA Quality Checklist
 16.06.06_D26_04_Guidelines_for_Producing_Benefit_and_Impact_Mechanisms
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Mapping between ATM Master Plan Performance Ambition KPAs and SESAR 2020 Performance Framework KPAs, Focus Areas and KPIs, source reference 
	ATM Master Plan SESAR Performance Ambition KPA
	ATM Master Plan SESAR Performance Ambition KPI
	Performance Framework KPA
	Focus Area
	#KPI / (#PI) / <Design goal>
	KPI definition

	Cost efficiency
	PA1 - 30-40% reduction in ANS costs per flight
	Cost efficiency
	ANS Cost efficiency
	CEF2
	Flights per ATCO hour on duty

	
	
	
	
	CEF3
	Technology Cost per flight

	Capacity
	PA7 - System able to handle 80-100% more traffic
	Capacity
	Airspace capacity
	CAP1
	TMA throughput, in challenging airspace, per unit time

	
	
	
	
	CAP2
	En-route throughput, in challenging airspace, per unit time

	
	PA6 - 5-10% additional flights at congested airports
	
	Airport capacity
	CAP3
	Peak Runway Throughput (Mixed Mode)

	
	
	
	Capacity resilience
	<RES1>
	% Loss of airport capacity avoided

	
	
	
	
	<RES2>
	% Loss of airspace capacity avoided

	
	PA4 - 10-30% reduction in departure delays
	Predictability and punctuality
	Departure punctuality
	PUN1
	% of Flights departing (Actual Off-Block Time) within +/- 3 minutes of Scheduled Off-Block Time after accounting for ATM and weather related delay causes

	Operational Efficiency
	PA5 - Arrival predictability: 2 minute time window for 70% of flights actually arriving at gate
	
	Variance of actual and reference business trajectories
	PRD1
	Variance of differences between actual and flight plan or Reference Business Trajectory (RBT) durations

	
	PA2 - 3-6% reduction in flight time
	Environment
	Fuel efficiency
	(FEFF3)
	Reduction in average flight duration

	
	PA3 - 5-10% reduction in fuel burn
	
	
	FEFF1
	Average fuel burn per flight

	Environment
	PA8 - 5-10% reduction in CO2 emissions
	
	
	(FEFF2)
	CO2 Emissions 

	Safety
	PA9 - Safety improvement by a factor 3-4
	Safety
	Accidents/incidents with ATM contribution
	<SAF1>
see section 3.4
	Total number of fatal accidents and incidents

	Security
	PA10 - No increase in ATM related security incidents resulting in traffic disruptions
	Security
	Self-  Protection of the ATM System / Collaborative Support
	(SEC1)
	Personnel (safety) risk after mitigation

	
	
	
	
	(SEC2)
	Capacity risk after mitigation

	
	
	
	
	(SEC3)
	Economic risk after mitigation

	
	
	
	
	(SEC4)
	Military mission effectiveness risk after mitigation


[bookmark: _Toc517792695]Table 6: Mapping between ATM Master Plan Performance Ambition KPAs and SESAR 2020 Performance Framework KPAs, Focus Areas and KPIs
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Total costs of MRTM  

Total implementation cost	Total operating cost	95.68106312292359	4.3189368770764114	

MRTM costs by type

One-off implementation cost (€)	Capital implementation cost (€)	Maintenance cost (€ - yearly)	Administration cost (€ - yearly)	15.946843853820598	79.734219269102994	4.3189368770764114	

PJ05.02 Remotely provided ATS for MRTM (discount rate = 8%)	
discounted costs	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	0	0	0	0	-0.2041749591101259	-0.28357633209739708	-0.43178289249397905	-3.5117477492628425E-2	-3.2516182863544837E-2	-3.0107576725504476E-2	-2.787738585694859E-2	-2.5812394311989433E-2	-2.3900365103693921E-2	-2.2129967688605479E-2	-2.0490710822782848E-2	-1.8972880391465601E-2	-1.7567481843949628E-2	-1.6266186892545952E-2	-1.5061284159764769E-2	-1.3945633481263675E-2	-1.2912623593762662E-2	-1.1956132957187648E-2	discounted benefits	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	0	0	0	0	0	0	0	0.1880135718066876	0.18569241659919761	0.18268351170059952	0.17910148205941126	0.17504774481115298	0.17061183704790739	0.1579739231925068	0.14627215110417296	0.13543717694830831	0.12540479347065583	0.11611554950986651	0.10751439769432082	9.9550368235482245E-2	9.2176266884705788E-2	8.5348395263616456E-2	cumulative cash flow (discount rate = 8%)	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	0	0	0	0	-0.2041749591101259	-0.48775129120752297	-0.91953418370150208	-0.76663808938744293	-0.61346185565179012	-0.46088592067669509	-0.30966182447423241	-0.16042647397506885	-1.3715002030855378E-2	0.12212895347304595	0.24791039375443608	0.36437469031127878	0.47221200193798496	0.57206136455530554	0.66451447808986164	0.75011921284408023	0.82938285613502338	0.9027751184414522	Millions of Euros
discounted costs (8%)	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	0	0	0	0	-2.0417495911012589	-4.7262722016232841	-10.444478075192194	-12.480211231995641	-15.607767774501522	-15.794897943687733	-14.903679361984054	-12.25095945422883	-6.784026710202351	-2.8598727474505541	-2.6480303217134757	-2.4518799275124779	-2.2702591921411828	-2.1020918445751691	-1.9463813375696009	-1.8022049421940751	-1.6687082798093287	-1.5451002590827114	benefits (discount rate = 8%)	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	0	0	0	0	0	0	0	1.8801357180668758	3.5977905716094534	6.7700360218457458	9.6515798665349397	12.253342136780708	15.227106456525734	16.626755416011342	16.126504659235067	15.473697466344223	14.703712034434398	13.84677927905158	12.901727723318498	11.94604418825787	11.061152026164693	10.241807431633974	cumulative cash flow (discount rate = 8%)	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	0	0	0	0	-2.0417495911012589	-6.768021792724543	-17.212499867916737	-27.812575381845502	-39.822552584737565	-48.847414506579554	-54.09951400202867	-54.097131319476794	-45.65405157315341	-31.88716890459262	-18.408694567071027	-5.3868770282392813	7.0465758140539307	18.791263248530342	29.746609634279238	39.89044888034303	49.282892626698398	57.979599799249662	Millions of Euros
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Introduction

		Cost Benefit Analysis (CBA) for V3



		Project		PJ05

		Project Topic		Remote Tower for Multiple Airports

		Solution		2

		Solution Topic		Remotly Provided Air Traffic Services for Multiple Aerodromes for up to three airports

		Maturity		V3









PJ05.02

				Description		value		unit		value in € for better readability		Comments

				no of airport assumed in one RTC		3		#

				annual costs of an atco		0.145		M€		145,000











				no of atco to man 3 single remote towers per shift		8.00		atco

				atco costs for 3 single remote towers per shift		1.16		M€		1,160,000

				atco reduction with solution PJ05.02		25.0%		%

				no of atco for multiple remote tower modules PJ05.02 in RTC per shift		6.00		atco

				atco costs for multiple remote tower modules PJ05.02 in RTC per shift		0.870		M€		870,000

				number of shifts per day		2

				ratio of support costs to atco costs

				further reduction of support costs 		0%

				operating costs of single remote towers		0.00		M€		- 0

				operating costs of multiple remote tower modules		0.00		M€		- 0

				Initial CAPEX for technology 		1.20		M€		1,200,000

				One-off implementation cost		0.24		M€		240,000

				Investment period (years)		3.00		years

				Operating costs for technology 		0.07				65,000

				discount rate		8%



								Investment period						Gradual realization of benefits

								2019		2020		2021		2022		2023		2024		2025		2026		2027		2028		2029		2030		2031		2032		2033		2034		2035		2036		2037		2038		2039		2040

				Reference scenario

				atco cost in 3 single remote towers				2.32		2.32		2.32		2.32		2.32		2.32		2.32		2.32		2.32		2.32		2.32		2.32		2.32		2.32		2.32		2.32		2.32		2.32		2.32		2.32		2.32		2.32

				annual running costs				0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00



								2019		2020		2021		2022		2023		2024		2025		2026		2027		2028		2029		2030		2031		2032		2033		2034		2035		2036		2037		2038		2039		2040

				Solution scenario

				annual controller position installations				3

				total MTRTM positions				2		2		2		2		2		2		2		2		2		2		2		2		2		2		2		2		2		2		2		2		2		2

				no of remote controlled airports				3		3		3		3		3		3		3		3		3		3		3		3		3		3		3		3		3		3		3		3		3		3

				atco cost in MRTM																		1.74		1.74		1.74		1.74		1.74		1.74		1.74		1.74		1.74		1.74		1.74		1.74		1.74		1.74		1.74

				atco cost in the solution																		1.74		1.74		1.74		1.74		1.74		1.74		1.74		1.74		1.74		1.74		1.74		1.74		1.74		1.74		1.74

				atco cost reduction																		0.58		0.58		0.58		0.58		0.58		0.58		0.58		0.58		0.58		0.58		0.58		0.58		0.58		0.58		0.58

				Ratio of benefit monetization																		60%		64%		68%		72%		76%		80%		80%		80%		80%		80%		80%		80%		80%		80%		80%

				atco cost  savings																		0.35		0.37		0.39		0.42		0.44		0.46		0.46		0.46		0.46		0.46		0.46		0.46		0.46		0.46		0.46



				Other operating costs in the solution 

				support staff  costs in MTRM																		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

				total operating costs in solution																		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

				Support staff costs reduction																		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

				Ratio of benefit monetization																		60%		64%		68%		72%		76%		80%		80%		80%		80%		80%		80%		80%		80%		80%		80%

				Support staff cost savings																		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

				total savings (atco+support staff costs)																		0.35		0.37		0.39		0.42		0.44		0.46		0.46		0.46		0.46		0.46		0.46		0.46		0.46		0.46		0.46



				investments for technology and one-off implementation costs		1										0.30		0.45		0.74												0		0		0		0		0		0		0		0		0		0

				investment apt												0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

				investment control centre position and apt												0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

				total implementation cost												-0.3		-0.45		-0.74		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0



				operating costs for technology																		0.07		0.07		0.07		0.07		0.07		0.07		0.07		0.07		0.07		0.07		0.07		0.07		0.07		0.07		0.07

				total additional operating costs												0		0		0		-0.07		-0.07		-0.07		-0.07		-0.07		-0.07		-0.07		-0.07		-0.07		-0.07		-0.07		-0.07		-0.07		-0.07		-0.07

				total costs												-0.3		-0.45		-0.74		-0.07		-0.07		-0.07		-0.07		-0.07		-0.07		-0.07		-0.07		-0.07		-0.07		-0.07		-0.07		-0.07		-0.07		-0.07



								2019		2020		2021		2022		2023		2024		2025		2026		2027		2028		2029		2030		2031		2032		2033		2034		2035		2036		2037		2038		2039		2040

				discounted costs				0.00		0.00		0.00		0.00		-0.20		-0.28		-0.43		-0.04		-0.03		-0.03		-0.03		-0.03		-0.02		-0.02		-0.02		-0.02		-0.02		-0.02		-0.02		-0.01		-0.01		-0.01		-1.24		<- SUM

				discounted benefits				0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.19		0.19		0.18		0.18		0.18		0.17		0.16		0.15		0.14		0.13		0.12		0.11		0.10		0.09		0.09		2.15		<- SUM		0.90		<- CHECK

				cashflow -- undiscounted				0.00		0.00		0.00		0.00		-0.30		-0.45		-0.74		0.28		0.31		0.33		0.35		0.38		0.40		0.40		0.40		0.40		0.40		0.40		0.40		0.40		0.40		0.40		4.15		<- SUM

				cumulative cashflow -- undiscounted				0.00		0.00		0.00		0.00		-0.30		-0.75		-1.49		-1.21		-0.90		-0.57		-0.22		0.16		0.56		0.96		1.35		1.75		2.15		2.55		2.95		3.35		3.75		4.15

								1.00		2.00		3.00		4.00		5.00		6.00		7.00		8.00		9.00		10.00		11.00		12.00		13.00		14.00		15.00		16.00		17.00		18.00		19.00		20.00		21.00		22.00

				cash flow (discount rate = 8%)				0.00		0.00		0.00		0.00		-0.20		-0.28		-0.43		0.15		0.15		0.15		0.15		0.15		0.15		0.14		0.13		0.12		0.11		0.10		0.09		0.09		0.08		0.07		0.90		<-NPV CHECK

				cumulative cash flow (discount rate = 8%)				0.00		0.00		0.00		0.00		-0.20		-0.49		-0.92		-0.77		-0.61		-0.46		-0.31		-0.16		-0.01		0.12		0.25		0.36		0.47		0.57		0.66		0.75		0.83		0.90

																-		-		-		-		-		-		-		-		-		0.10		0.97		2.13		3.38		4.73		6.19		7.76		9.46		11.30

				NPV-->		€0.9



				Graph Titles

				PJ05.02 Remotely provided ATS from MRTM  (undiscounted)

				PJ05.02 Remotely provided ATS for MRTM (discount rate = 8%)

				Ratios

				Benefit/cost ratio		1.73

				Payback period		13.1



Remotely provided ATS for Multiple Aerodromes (undiscounted)	

total costs	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	-0.3	-0.45	-0.74	-6.5000000000000002E-2	-6.5000000000000002E-2	-6.5000000000000002E-2	-6.5000000000000002E-2	-6.5000000000000002E-2	-6.5000000000000002E-2	-6.5000000000000002E-2	-6.5000000000000002E-2	-6.5000000000000002E-2	-6.5000000000000002E-2	-6.5000000000000002E-2	-6.5000000000000002E-2	-6.5000000000000002E-2	-6.5000000000000002E-2	-6.5000000000000002E-2	total savings (atco+support staff costs)	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	0.34800000000000003	0.37120000000000003	0.39440000000000008	0.41760000000000003	0.44080000000000008	0.46400000000000008	0.46400000000000008	0.46400000000000008	0.46400000000000008	0.46400000000000008	0.46400000000000008	0.46400000000000008	0.46400000000000008	0.46400000000000008	0.46400000000000008	cumulative cashflow -- undiscounted	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	0	0	0	0	-0.3	-0.75	-1.49	-1.2069999999999999	-0.90079999999999982	-0.57139999999999969	-0.21879999999999966	0.15700000000000042	0.55600000000000049	0.95500000000000052	1.3540000000000005	1.7530000000000006	2.1520000000000006	2.5510000000000006	2.9500000000000006	3.3490000000000006	3.7480000000000007	4.1470000000000011	PJ05.02 Remotely provided ATS for MRTM (discount rate = 8%)	

discounted costs	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	0	0	0	0	-0.2041749591101259	-0.28357633209739708	-0.43178289249397905	-3.5117477492628425E-2	-3.2516182863544837E-2	-3.0107576725504476E-2	-2.787738585694859E-2	-2.5812394311989433E-2	-2.3900365103693921E-2	-2.2129967688605479E-2	-2.0490710822782848E-2	-1.8972880391465601E-2	-1.7567481843949628E-2	-1.6266186892545952E-2	-1.5061284159764769E-2	-1.3945633481263675E-2	-1.2912623593762662E-2	-1.1956132957187648E-2	discounted benefits	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	0	0	0	0	0	0	0	0.1880135718066876	0.18569241659919761	0.18268351170059952	0.17910148205941126	0.17504774481115298	0.17061183704790739	0.1579739231925068	0.14627215110417296	0.13543717694830831	0.12540479347065583	0.11611554950986651	0.10751439769432082	9.9550368235482245E-2	9.2176266884705788E-2	8.5348395263616456E-2	cumulative cash flow (discount rate = 8%)	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	0	0	0	0	-0.2041749591101259	-0.48775129120752297	-0.91953418370150208	-0.76663808938744293	-0.61346185565179012	-0.46088592067669509	-0.30966182447423241	-0.16042647397506885	-1.3715002030855378E-2	0.12212895347304595	0.24791039375443608	0.36437469031127878	0.47221200193798496	0.57206136455530554	0.66451447808986164	0.75011921284408023	0.82938285613502338	0.9027751184414522	Millions of Euros

PJ05.02 Remotely provided ATS for MRTM (discount rate = 8%)	

discounted costs	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	0	0	0	0	-0.2041749591101259	-0.28357633209739708	-0.43178289249397905	-3.5117477492628425E-2	-3.2516182863544837E-2	-3.0107576725504476E-2	-2.787738585694859E-2	-2.5812394311989433E-2	-2.3900365103693921E-2	-2.2129967688605479E-2	-2.0490710822782848E-2	-1.8972880391465601E-2	-1.7567481843949628E-2	-1.6266186892545952E-2	-1.5061284159764769E-2	-1.3945633481263675E-2	-1.2912623593762662E-2	-1.1956132957187648E-2	discounted benefits	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	0	0	0	0	0	0	0	0.1880135718066876	0.18569241659919761	0.18268351170059952	0.17910148205941126	0.17504774481115298	0.17061183704790739	0.1579739231925068	0.14627215110417296	0.13543717694830831	0.12540479347065583	0.11611554950986651	0.10751439769432082	9.9550368235482245E-2	9.2176266884705788E-2	8.5348395263616456E-2	cumulative cash flow (discount rate = 8%)	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	0	0	0	0	-0.2041749591101259	-0.48775129120752297	-0.91953418370150208	-0.76663808938744293	-0.61346185565179012	-0.46088592067669509	-0.30966182447423241	-0.16042647397506885	-1.3715002030855378E-2	0.12212895347304595	0.24791039375443608	0.36437469031127878	0.47221200193798496	0.57206136455530554	0.66451447808986164	0.75011921284408023	0.82938285613502338	0.9027751184414522	Millions of Euros



PJ05-02 ECAC

				Description		value		unit		value in € for better readability		Comments

				no of airport		3		#

				annual costs of an atco		0.145		M€		145,000











				no of atco to man 4 single remote towers per shift		8.00		atco

				atco costs for 4 single remote towers per shift		1.16		M€		1,160,000

				atco reduction with solution PJ05.02		25.0%		%

				no of atco for multiple remote tower modules PJ05.02 per shift		6.00		atco

				atco costs for multiple remote tower modules PJ05.02 per shift		0.870		M€		870,000

				number of shifts per day		2

				ratio of support costs to atco costs								No change in support cost is assumed

				Initial CAPEX for technology 		1.20		M€		1,200,000

				One-off implementation cost		0.24		M€		240,000

				Investment period (years)		3		years

				Operating costs for technology 		0.07				70,000

				discount rate		8%



																Investment period						Gradual realization of benefits

								2019		2020		2021		2022		2023		2024		2025		2026		2027		2028		2029		2030		2031		2032		2033		2034		2035		2036		2037		2038		2039		2040

				Reference scenario

				atco cost in four single remote towers																		2.32		2.32		2.32		2.32		2.32		2.32		2.32		2.32		2.32		2.32		2.32		2.32		2.32		2.32		2.32



								2019		2020		2021		2022		2023		2024		2025		2026		2027		2028		2029		2030		2031		2032		2033		2034		2035		2036		2037		2038		2039		2040

				Solution scenario

				annual controller position installations												2

				annual controller position renewal																								2										2

				total remote centre positions												3		3		3		3		3		3		3		3		3		3		3		3		3		3		3		3		3		3

				no of remote controlled airports												3		3		3		3		3		3		3		3		3		3		3		3		3		3		3		3		3		3

				atco cost multiple remote tower centre																		1.74		1.74		1.74		1.74		1.74		1.74		1.74		1.74		1.74		1.74		1.74		1.74		1.74		1.74		1.74

				atco cost in the solution				0.00		0.00		0.00		0.00		0.00		0.00		0.00		1.74		1.74		1.74		1.74		1.74		1.74		1.74		1.74		1.74		1.74		1.74		1.74		1.74		1.74		1.74

				atco cost reduction										0.00		0.00		0.00		0.00		0.58		0.58		0.58		0.58		0.58		0.58		0.58		0.58		0.58		0.58		0.58		0.58		0.58		0.58		0.58

				Ratio of benefit monetization																		60%		64%		68%		72%		76%		80%		80%		80%		80%		80%		80%		80%		80%		80%		80%

				total benefits				0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.35		0.37		0.39		0.42		0.44		0.46		0.46		0.46		0.46		0.46		0.46		0.46		0.46		0.46		0.46





				investments for technology and one-off implementation costs		1										0.30		0.45		0.74		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

				investment apt				0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

				investment control centre position and apt				0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

				total implementation cost				0.0		0.0		0.0		0		-0.30		-0.45		-0.74		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0



				operating costs for technology				0		0		0										0.1		0.1		0.1		0.1		0.1		0.1		0.1		0.1		0.1		0.1		0.1		0.1		0.1		0.1		0.1

				total additional operating costs				0		0		0		0		0		0		0		-0.07		-0.07		-0.07		-0.07		-0.07		-0.07		-0.07		-0.07		-0.07		-0.07		-0.07		-0.07		-0.07		-0.07		-0.07

				total costs				0.0		0.0		0.0		0		-0.30		-0.45		-0.74		-0.07		-0.07		-0.07		-0.07		-0.07		-0.07		-0.07		-0.07		-0.07		-0.07		-0.07		-0.07		-0.07		-0.07		-0.07



								2019		2020		2021		2022		2023		2024		2025		2026		2027		2028		2029		2030		2031		2032		2033		2034		2035		2036		2037		2038		2039		2040

				discounted costs				0.0		0.0		0.0		0.0		-0.2		-0.3		-0.4		-0.04		-0.03		-0.03		-0.03		-0.03		-0.02		-0.02		-0.02		-0.02		-0.02		-0.02		-0.02		-0.01		-0.01		-0.01		-1.24		<- SUM

				discounted benefits				0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.2		0.2		0.2		0.2		0.2		0.2		0.2		0.1		0.1		0.1		0.1		0.1		0.1		0.1		0.1		2.15		<- SUM		0.90		<- CHECK

				cashflow -- undiscounted				0.0		0.0		0.0		0.0		-0.3		-0.5		-0.7		0.3		0.3		0.3		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		4.15		<- SUM

				cumulative cashflow -- undiscounted				0.0		0.0		0.0		0.0		-0.3		-0.8		-1.5		-1.2		-0.9		-0.6		-0.2		0.2		0.6		1.0		1.4		1.8		2.2		2.6		3.0		3.3		3.7		4.1

								1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22

				cash flow (discount rate = 8%)				0.0		0.0		0.0		0.0		-0.2		-0.3		-0.4		0.15		0.15		0.15		0.15		0.15		0.1		0.1		0.1		0.1		0.1		0.1		0.1		0.1		0.1		0.1		0.90		<-NPV CHECK

				cumulative cash flow (discount rate = 8%)				0.0		0.0		0.0		0.0		-0.20		-0.49		-0.92		-0.77		-0.61		-0.46		-0.31		-0.16		-0.01		0.12		0.25		0.36		0.47		0.57		0.66		0.75		0.83		0.90

																-		-		-		-		-		-		-		-		-		0.1		1.0		2.1		3.4		4.7		6.2		7.8		9.5		11.3

				NPV-->		€0.9

								0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.2		0.2		0.2		0.2		0.3		0.3		0.3		0.3		0.3		0.3		0.3		0.4		0.4		0.4		0.4

								0.0		0.0		0.0		0.0		-0.1		-0.2		-0.3		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.1		-0.1		-0.1		-0.1		-0.1		-0.1		-0.1



																																																												0.8472456544

				Graph Titles

				PJ05.03 Remotely provided ATS for Multiple Aerodromes from RTC (undiscounted)

				PJ05.03 Remotely provided ATS for Multiple Aerodromes from RTC (discount rate = 8%)





				Ratios

				Benefit/cost ratio		1.73

				Payback period		13.1







				AGGREGATION TO ECAC LEVEL				2019		2020		2021		2022		2023		2024		2025		2026		2027		2028		2029		2030		2031		2032		2033		2034		2035		2036		2037		2038		2039		2040

				NPV				0.0		0.0		0.0		0.0		-0.3		-0.5		-0.7		0.3		0.3		0.3		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4

										0.0		0.0		0.0		0.0		-0.3		-0.5		-0.7		0.3		0.3		0.3		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4

												0.0		0.0		0.0		0.0		-0.3		-0.5		-0.7		0.3		0.3		0.3		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4

														0.0		0.0		0.0		0.0		-0.3		-0.5		-0.7		0.3		0.3		0.3		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4

																0.0		0.0		0.0		0.0		-0.3		-0.5		-0.7		0.3		0.3		0.3		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4

																		0.0		0.0		0.0		0.0		-0.3		-0.5		-0.7		0.3		0.3		0.3		0.4		0.4		0.4		0.4		0.4		0.4		0.4

																				0.0		0.0		0.0		0.0		-0.3		-0.5		-0.7		0.3		0.3		0.3		0.4		0.4		0.4		0.4		0.4		0.4

				Number of deployments per year (total = 90)		120		2019		2020		2021		2022		2023		2024		2025		2026		2027		2028		2029		2030		2031		2032		2033		2034		2035		2036		2037		2038		2039		2040

						10		0.0		0.0		0.0		0.0		-3.0		-4.5		-7.4		2.8		3.1		3.3		3.5		3.8		4.0		4.0		4.0		4.0		4.0		4.0		4.0		4.0		4.0		4.0

						10		0.0		0.0		0.0		0.0		0.0		-3.0		-4.5		-7.4		2.8		3.1		3.3		3.5		3.8		4.0		4.0		4.0		4.0		4.0		4.0		4.0		4.0		4.0

						20		0.0		0.0		0.0		0.0		0.0		0.0		-6.0		-9.0		-14.8		5.7		6.1		6.6		7.1		7.5		8.0		8.0		8.0		8.0		8.0		8.0		8.0		8.0

						20		0.0		0.0		0.0		0.0		0.0		0.0		0.0		-6.0		-9.0		-14.8		5.7		6.1		6.6		7.1		7.5		8.0		8.0		8.0		8.0		8.0		8.0		8.0

						20		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		-6.0		-9.0		-14.8		5.7		6.1		6.6		7.1		7.5		8.0		8.0		8.0		8.0		8.0		8.0

						25		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		-7.5		-11.3		-18.5		7.1		7.7		8.2		8.8		9.4		10.0		10.0		10.0		10.0		10.0

						15		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		-4.5		-6.8		-11.1		4.2		4.6		4.9		5.3		5.6		6.0		6.0		6.0		6.0



				cash flow (undiscounted)				0.0		0.0		0.0		0.0		-3.0		-7.5		-17.9		-19.6		-23.9		-19.3		-11.9		0.4		23.5		41.0		43.4		45.2		46.6		47.5		47.9		47.9		47.9		47.9

				cumulative cash flow (undiscounted)				0.0		0.0		0.0		0.0		-3.0		-10.5		-28.4		-48.0		-71.9		-91.2		-103.1		-102.7		-79.2		-38.2		5.2		50.4		97.0		144.5		192.4		240.3		288.2		336.0

				cash flow (discount rate = 8%)				0.0		0.0		0.0		0.0		-2.0		-4.7		-10.4		-10.6		-12.0		-8.9		-5.1		0.2		8.6		14.0		13.7		13.2		12.6		11.9		11.1		10.3		9.5		8.8		60.0

				cumulative cash flow (discount rate = 8%)				0.0		0.0		0.0		0.0		-2.0		-6.8		-17.2		-27.8		-39.7		-48.7		-53.8		-53.6		-45.0		-31.0		-17.4		-4.2		8.4		20.3		31.4		41.7		51.2		60.0		NPV

																-		-		-		-		-		-		-		-		-		-		-		-		0.3		0.7		1.8		3.1		4.4		5.8

				Ratios

				Benefit/cost ratio		1.5979642667

				Payback period		12.3

				AGGREGATION TO ECAC LEVEL				2019		2020		2021		2022		2023		2024		2025		2026		2027		2028		2029		2030		2031		2032		2033		2034		2035		2036		2037		2038		2039		2040

				COSTS				0.0		0.0		0.0		0.0		-0.3		-0.5		-0.7		-0.1		-0.1		-0.1		-0.1		-0.1		-0.1		-0.1		-0.1		-0.1		-0.1		-0.1		-0.1		-0.1		-0.1		-0.1

										0.0		0.0		0.0		0.0		-0.3		-0.5		-0.7		-0.1		-0.1		-0.1		-0.1		-0.1		-0.1		-0.1		-0.1		-0.1		-0.1		-0.1		-0.1		-0.1		-0.1

												0.0		0.0		0.0		0.0		-0.3		-0.5		-0.7		-0.1		-0.1		-0.1		-0.1		-0.1		-0.1		-0.1		-0.1		-0.1		-0.1		-0.1		-0.1		-0.1

														0.0		0.0		0.0		0.0		-0.3		-0.5		-0.7		-0.1		-0.1		-0.1		-0.1		-0.1		-0.1		-0.1		-0.1		-0.1		-0.1		-0.1		-0.1

																0.0		0.0		0.0		0.0		-0.3		-0.5		-0.7		-0.1		-0.1		-0.1		-0.1		-0.1		-0.1		-0.1		-0.1		-0.1		-0.1		-0.1

																		0.0		0.0		0.0		0.0		-0.3		-0.5		-0.7		-0.1		-0.1		-0.1		-0.1		-0.1		-0.1		-0.1		-0.1		-0.1		-0.1

																				0.0		0.0		0.0		0.0		-0.3		-0.5		-0.7		-0.1		-0.1		-0.1		-0.1		-0.1		-0.1		-0.1		-0.1		-0.1

				Number of deployments per year (total = 90)		120		2019		2020		2021		2022		2023		2024		2025		2026		2027		2028		2029		2030		2031		2032		2033		2034		2035		2036		2037		2038		2039		2040

						10		0.0		0.0		0.0		0.0		-3.0		-4.5		-7.4		-0.7		-0.7		-0.7		-0.7		-0.7		-0.7		-0.7		-0.7		-0.7		-0.7		-0.7		-0.7		-0.7		-0.7		-0.7

						10		0.0		0.0		0.0		0.0		0.0		-3.0		-4.5		-7.4		-0.7		-0.7		-0.7		-0.7		-0.7		-0.7		-0.7		-0.7		-0.7		-0.7		-0.7		-0.7		-0.7		-0.7

						20		0.0		0.0		0.0		0.0		0.0		0.0		-6.0		-9.0		-14.8		-1.4		-1.4		-1.4		-1.4		-1.4		-1.4		-1.4		-1.4		-1.4		-1.4		-1.4		-1.4		-1.4

						20		0.0		0.0		0.0		0.0		0.0		0.0		0.0		-6.0		-9.0		-14.8		-1.4		-1.4		-1.4		-1.4		-1.4		-1.4		-1.4		-1.4		-1.4		-1.4		-1.4		-1.4

						20		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		-6.0		-9.0		-14.8		-1.4		-1.4		-1.4		-1.4		-1.4		-1.4		-1.4		-1.4		-1.4		-1.4		-1.4

						17		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		-5.1		-7.7		-12.6		-1.2		-1.2		-1.2		-1.2		-1.2		-1.2		-1.2		-1.2		-1.2		-1.2

						15		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		-4.5		-6.8		-11.1		-1.1		-1.1		-1.1		-1.1		-1.1		-1.1		-1.1		-1.1		-1.1



				costs				0.0		0.0		0.0		0.0		-3.0		-7.5		-17.9		-23.1		-31.2		-31.7		-31.2		-24.9		-17.9		-7.8		-7.8		-7.8		-7.8		-7.8		-7.8		-7.8		-7.8		-7.8

				cumulative costs				0.0		0.0		0.0		0.0		-3.0		-10.5		-28.4		-51.5		-82.7		-114.4		-145.6		-170.5		-188.4		-196.2		-204.1		-211.9		-219.7		-227.6		-235.4		-243.3		-251.1		-258.9

				discounted costs (8%)				0.0		0.0		0.0		0.0		-2.0		-4.7		-10.4		-12.5		-15.6		-14.7		-13.4		-9.9		-6.6		-2.7		-2.5		-2.3		-2.1		-2.0		-1.8		-1.7		-1.6		-1.4		-107.8

				discounted cumulative costs				0.0		0.0		0.0		0.0		-2.0		-6.8		-17.2		-29.7		-45.3		-60.0		-73.3		-83.2		-89.8		-92.5		-95.0		-97.3		-99.4		-101.3		-103.1		-104.8		-106.4		-107.8		Costs



				AGGREGATION TO ECAC LEVEL				2019		2020		2021		2022		2023		2024		2025		2026		2027		2028		2029		2030		2031		2032		2033		2034		2035		2036		2037		2038		2039		2040

				BENEFITS				0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.3		0.4		0.4		0.4		0.4		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		6.6

										0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.3		0.4		0.4		0.4		0.4		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		6.1

												0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.3		0.4		0.4		0.4		0.4		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		5.7

														0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.3		0.4		0.4		0.4		0.4		0.5		0.5		0.5		0.5		0.5		0.5		0.5		5.2

																0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.3		0.4		0.4		0.4		0.4		0.5		0.5		0.5		0.5		0.5		0.5		4.8

																		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.3		0.4		0.4		0.4		0.4		0.5		0.5		0.5		0.5		0.5		4.3

																				0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.3		0.4		0.4		0.4		0.4		0.5		0.5		0.5		0.5		3.8

				Number of deployments per year (total = 90)		120		2019		2020		2021		2022		2023		2024		2025		2026		2027		2028		2029		2030		2031		2032		2033		2034		2035		2036		2037		2038		2039		2040

						10		0.0		0.0		0.0		0.0		0.0		0.0		0.0		3.5		3.7		3.9		4.2		4.4		4.6		4.6		4.6		4.6		4.6		4.6		4.6		4.6		4.6		4.6

						10		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		3.5		3.7		3.9		4.2		4.4		4.6		4.6		4.6		4.6		4.6		4.6		4.6		4.6		4.6

						20		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		7.0		7.4		7.9		8.4		8.8		9.3		9.3		9.3		9.3		9.3		9.3		9.3		9.3

						20		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		7.0		7.4		7.9		8.4		8.8		9.3		9.3		9.3		9.3		9.3		9.3		9.3

						20		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		7.0		7.4		7.9		8.4		8.8		9.3		9.3		9.3		9.3		9.3		9.3

						25		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		8.7		9.3		9.9		10.4		11.0		11.6		11.6		11.6		11.6		11.6

						15		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		5.2		5.6		5.9		6.3		6.6		7.0		7.0		7.0		7.0

				benefits				0.0		0.0		0.0		0.0		0.0		0.0		0.0		3.5		7.2		14.6		22.5		30.9		41.4		48.8		51.2		53.0		54.4		55.3		55.7		55.7		55.7		55.7

				cumulative benefits				0.0		0.0		0.0		0.0		0.0		0.0		0.0		3.5		10.7		25.3		47.8		78.6		120.1		168.9		220.1		273.1		327.5		382.8		438.5		494.2		549.8		605.5

				benefits (discount rate = 8%)				0.0		0.0		0.0		0.0		0.0		0.0		0.0		1.9		3.6		6.8		9.7		12.3		15.2		16.6		16.1		15.5		14.7		13.8		12.9		11.9		11.1		10.2		172.3

								0.0		0.0		0.0		0.0		0.0		0.0		0.0		1.9		5.5		12.2		21.9		34.2		49.4		66.0		82.1		97.6		112.3		126.2		139.1		151.0		162.1		172.3		Benefits

		NPV
CHECK		cashflow undiscounted				0.0		0.0		0.0		0.0		-3.0		-7.5		-17.9		-19.6		-24.0		-17.1		-8.6		5.9		23.5		41.0		43.3		45.2		46.6		47.5		47.8		47.8		47.8		47.8

				check				0.0		0.0		0.0		0.0		0.0		0.0		0.0		-0.1		-0.1		2.2		3.3		5.5		0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0

				cashflow 8%				0.0		0.0		0.0		0.0		-2.0		-4.7		-10.4		-10.6		-12.0		-7.9		-3.7		2.4		8.6		14.0		13.7		13.2		12.6		11.9		11.1		10.3		9.5		8.8

				check				0.00		0.00		0.00		0.00		0.00		0.00		0.00		-0.03		-0.05		1.02		1.42		2.19		0.01		-0.01		-0.01		-0.01		-0.01		-0.01		-0.01		-0.01		-0.01		-0.01

																																										Graph Titles

																																										Remotely provided ATS in ECAC from MRTM



discounted costs (8%)	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	0	0	0	0	-2.0417495911012589	-4.7262722016232841	-10.444478075192194	-12.480211231995641	-15.607767774501522	-14.683233572284491	-13.359701068368439	-9.9000460030445616	-6.5781158723859114	-2.6692145642871838	-2.4714949669325774	-2.2884212656783127	-2.1189085793317708	-1.9619523882701579	-1.8166225817316277	-1.6820579460478033	-1.5574610611553734	-1.4420935751438642	benefits (discount rate = 8%)	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	0	0	0	0	0	0	0	1.8801357180668758	3.5977905716094534	6.7700360218457458	9.6515798665349397	12.253342136780708	15.227106456525734	16.626755416011342	16.126504659235067	15.473697466344223	14.703712034434398	13.84677927905158	12.901727723318498	11.94604418825787	11.061152026164693	10.241807431633974	cumulative cash flow (discount rate = 8%)	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	0	0	0	0	-2.0417495911012589	-6.768021792724543	-17.212499867916737	-27.7855619376204	-39.74551424379932	-48.677737468024375	-53.801172105672187	-53.63994391966191	-45.003822762885619	-31.032663469506936	-17.365044109005808	-4.168092289637455	8.4275219235229848	20.322358775469052	31.416732399615778	41.689300570122008	51.200937765035178	60.008009241806633	Millions of Euros



Deployment of airports

		Deployment airports - Deployment details



		Region				Applicable sub-OE		Annual airports movements (range)		simple+complex RWY

		ECAC		EU and EFTA Member States		small		40 000; 15 000		92

						other		< 15 000		957

		Assumption on Deployment Airports - Special characteristics













		Deployment Scenario contributed to ANSP Benefits

		Deployment Scenarios		ATCO productivity		ANS cost effectiveness

		SDM -207		1.31%		0.35%





Costs

				Enabler		Description		One-off implementation cost (€)		Capital implementation cost (€)		Maintenance cost (€ - yearly)		Administration cost (€ - yearly)		Total implementation cost		Total operating cost		IOC		FOC		Deployment Start

				Aerodrome ATC-79 -Multiple Remote Tower Module		Provide a Multiple Remote Tower Module (MRTM) that enables one ATCO to control multiple towers simultaneously		90,000		650,000		30,000				740,000		30,000		6/30/26		6/30/30		1/1/23

								ATCO training cost		Out The Window, CHMIM Aerodrome ATC,  G/G Communication ATC		Hardware and software maintenance and repair

														 



				Aerodrome ATC-81-ATCO planning tool for MRTM		ATCO planning tool for MRTM		-		200,000		15,000		-		200,000		15,000

								-		Multiple Remote Aerodromes Management		Hardware and software maintenance and repair		-

				Aerodrome ATC-82-Technical supervision of MRTM		Technical supervision of MRTM		90,000		-		-				90,000



								ATSEP training



				CTE –C14- Advanced Voice Service		Advanced Voice Services for MRTM		60,000		350,000		20,000		-		410,000		20,000

								-		A/G Voice Communication / ATCO & Crew		Hardware and software maintenance and repair		-

				Meteo-03c- Met Service APT		Met Services Apt		-		-		-		-		-		-

				Meteo-04c- Met services APT and APP		Met Services Apt&APP		-		-		-		-		-		-

				Total		Overall cost value		240,000.00		1,200,000.00		65,000.00				1,440,000.00		65,000.00

								251,760,000.00		1,258,800,000.00		68,185,000.00				1,510,560,000.00		68,185,000.00		1,578,745,000.00

								15.95		79.73		4.32		0.00		95.68		4.32



Total costs of MRTM  





Total implementation cost	Total operating cost	95.68106312292359	4.3189368770764114	



MRTM costs by type





One-off implementation cost (€)	Capital implementation cost (€)	Maintenance cost (€ - yearly)	Administration cost (€ - yearly)	15.946843853820598	79.734219269102994	4.3189368770764114	



Total costs of MRTM  





Total implementation cost	Total operating cost	95.68106312292359	4.3189368770764114	





CFs

				Cash Flows



								Investment period						Gradual realization of benefits																																										For sensitivity

								1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		Total				% Change

								2019		2020		2021		2022		2023		2024		2025		2026		2027		2028		2029		2030		2031		2032		2033		2034		2035		2036		2037		2038		2039		2040



				Total implementation cost				0		0		0		0		0.3		0.45		0.74		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		1.49				0%

				Total additional operating costs				0		0		0		0		0		0		0		0.065		0.065		0.065		0.065		0.065		0.065		0.065		0.065		0.065		0.065		0.065		0.065		0.065		0.065		0.065		0.975				0%

				Total costs				0.00		0.00		0.00		0.00		0.30		0.45		0.74		0.07		0.07		0.07		0.07		0.07		0.07		0.07		0.07		0.07		0.07		0.07		0.07		0.07		0.07		0.07		2.465

				Atco cost  savings				0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.35		0.37		0.39		0.42		0.44		0.46		0.46		0.46		0.46		0.46		0.46		0.46		0.46		0.46		0.46		6.612				0%

				Support staff and non-staff cost savings				0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0				0%

				Total savings (atco+support staff and non-staff costs)				0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.35		0.37		0.39		0.42		0.44		0.46		0.46		0.46		0.46		0.46		0.46		0.46		0.46		0.46		0.46		6.612

				Cashflows (CFs)				0.00		0.00		0.00		0.00		-0.30		-0.45		-0.74		0.28		0.31		0.33		0.35		0.38		0.40		0.40		0.40		0.40		0.40		0.40		0.40		0.40		0.40		0.40

				CFs (cummulative)				0.00		0.00		0.00		0.00		-0.30		-0.75		-1.49		-1.21		-0.90		-0.57		-0.22		0.16		0.56		0.96		1.35		1.75		2.15		2.55		2.95		3.35		3.75		4.15

				Discount rate		8%																																																		0%

				CFs (discounted)				0.00		0.00		0.00		0.00		-0.20		-0.28		-0.43		0.15		0.15		0.15		0.15		0.15		0.15		0.14		0.13		0.12		0.11		0.10		0.09		0.09		0.08		0.07

				CFs (cummulative)				0.00		0.00		0.00		0.00		-0.20		-0.49		-0.92		-0.77		-0.61		-0.46		-0.31		-0.16		-0.01		0.12		0.25		0.36		0.47		0.57		0.66		0.75		0.83		0.90



				Test: Is CF positive?				1		1		1		1		1		1		1		1		1		1		1		1		1		0		0		0		0		0		0		0		0		0

				Add. calculation				-		-		-		-		-		-		-		-		-		-		-		-		-		0.10		0.97		2.13		3.38		4.73		6.19		7.76		9.46		11.30



				Indicators:																																																				Base case scneratio

				NPV		0.903																																																		0.91

				IRR		19%																																																		19%

				B/C ratio		1.73

				Payback period (years)		13.10





PDs

				Probability distributions

						Normal		Triangular				LogLogistics (3P)

						σ%=		a=		b=		α=		β=		γ=		Mode=

				Investment, total

				Land		50%		50%		150%		211.210%		30.732%		74.111%		92.990%

				Immovables		50%		50%		150%		211.210%		30.732%		74.111%		92.990%

				Construction, reconstruction, other works		50%		50%		150%		196.730%		32.927%		74.202%		92.827%

				Equipment and other long-term assets		50%		50%		150%		279.060%		28.554%		72.694%		94.519%

				Design, technical supervisory and other services related to investments in long-term assets (A.1.-A.4.)		50%		50%		150%		184.050%		25.464%		75.111%		88.251%

				Project administration and implementation		50%		50%		150%		192.470%		23.155%		74.930%		87.660%

				Other services and costs		50%		50%		150%		192.470%		23.155%		74.930%		87.660%

				Reinvestments		50%		50%		150%		212.740%		30.981%		73.931%		93.109%

				Residual value		25%		70%		110%

				Revenue, total

				Revenue from goods		50%		50%		150%

				Revenue from services		50%		50%		150%

				Revenue from financial, investment and other activities		50%		50%		150%

				Financial and operating costs, total

				Operating costs

				Operating and maintenance costs		50%		70%		200%







RVs

				Risk Values



				Confidence level		70%



						Distribution		Investment period						Gradual realization of benefits

								1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22

								2019		2020		2021		2022		2023		2024		2025		2026		2027		2028		2029		2030		2031		2032		2033		2034		2035		2036		2037		2038		2039		2040



				Total implementation cost		LogLogistics (3P)		0.00		0.00		0.00		0.00		0.05		0.08		0.13		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

				Total additional operating costs		Triangular		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.02		0.02		0.02		0.02		0.02		0.02		0.02		0.02		0.02		0.02		0.02		0.02		0.02		0.02		0.02

				Total costs				0.00		0.00		0.00		0.00		0.05		0.08		0.13		0.02		0.02		0.02		0.02		0.02		0.02		0.02		0.02		0.02		0.02		0.02		0.02		0.02		0.02		0.02



				Atco cost  savings		Triangular		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.13		0.14		0.15		0.16		0.17		0.17		0.17		0.17		0.17		0.17		0.17		0.17		0.17		0.17		0.17

				Support staff and non-staff cost savings		Triangular		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

				Total savings (atco+support staff and non-staff costs)				0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.13		0.14		0.15		0.16		0.17		0.17		0.17		0.17		0.17		0.17		0.17		0.17		0.17		0.17		0.17





				Add. Calculation for triangualar PD (Left tail):

				Total additional operating costs				0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.08		0.08		0.08		0.08		0.08		0.08		0.08		0.08		0.08		0.08		0.08		0.08		0.08		0.08		0.08

				Atco cost  savings				0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.55		0.59		0.63		0.67		0.71		0.75		0.75		0.75		0.75		0.75		0.75		0.75		0.75		0.75		0.75

				Atco cost  savings				0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

				Add. Calculation for triangualar PD (Right tail):

				Total additional operating costs				0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.09		0.09		0.09		0.09		0.09		0.09		0.09		0.09		0.09		0.09		0.09		0.09		0.09		0.09		0.09

				Atco cost  savings				0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.48		0.51		0.54		0.57		0.61		0.64		0.64		0.64		0.64		0.64		0.64		0.64		0.64		0.64		0.64

				Atco cost  savings				0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00







CFs_R_ad

				Risk Adjusted Cash Flows		Confidence level:				70%



								Investment period						Gradual realization of benefits

								1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22

								2019		2020		2021		2022		2023		2024		2025		2026		2027		2028		2029		2030		2031		2032		2033		2034		2035		2036		2037		2038		2039		2040



				Total implementation cost				0.000		0.000		0.000		0.000		0.354		0.530		0.872		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000

				Total additional operating costs				0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.089		0.089		0.089		0.089		0.089		0.089		0.089		0.089		0.089		0.089		0.089		0.089		0.089		0.089		0.089

				Total costs				0.000		0.000		0.000		0.000		0.354		0.530		0.872		0.089		0.089		0.089		0.089		0.089		0.089		0.089		0.089		0.089		0.089		0.089		0.089		0.089		0.089		0.089

				Atco cost  savings				0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.217		0.232		0.246		0.261		0.275		0.290		0.290		0.290		0.290		0.290		0.290		0.290		0.290		0.290		0.290

				Support staff and non-staff cost savings				0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000

				Total savings (atco+support staff and non-staff costs)				0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.217		0.232		0.246		0.261		0.275		0.290		0.290		0.290		0.290		0.290		0.290		0.290		0.290		0.290		0.290



				Cashflows (CFs)				0.000		0.000		0.000		0.000		-0.354		-0.530		-0.872		0.128		0.142		0.157		0.171		0.186		0.200		0.200		0.200		0.200		0.200		0.200		0.200		0.200		0.200		0.200

				CFs (cummulative)				0.000		0.000		0.000		0.000		-0.354		-0.884		-1.756		-1.628		-1.485		-1.329		-1.157		-0.971		-0.771		-0.571		-0.370		-0.170		0.031		0.231		0.431		0.632		0.832		1.032



				Discount rate		8%



				CFs (discounted)				0.000		0.000		0.000		0.000		-0.241		-0.334		-0.509		0.069		0.071		0.073		0.074		0.074		0.074		0.068		0.063		0.058		0.054		0.050		0.046		0.043		0.040		0.037

				CFs (cummulative)				0.000		0.000		0.000		0.000		-0.241		-0.575		-1.084		-1.014		-0.943		-0.871		-0.797		-0.723		-0.650		-0.581		-0.518		-0.460		-0.406		-0.355		-0.309		-0.266		-0.226		-0.189



				Test: Is CF positive?				1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1

				Add. calculation				-		-		-		-		-		-		-		-		-		-		-		-		-		-		-		-		-		-		-		-		-		-



				Indicators:

				NPV		-0.189

				IRR		5%

				B/C ratio		0.88

				Payback period (years)		Unbenefit



				For graph

								2019		2020		2021		2022		2023		2024		2025		2026		2027		2028		2029		2030		2031		2032		2033		2034		2035		2036		2037		2038		2039		2040

						Total costs (discounted)		0.000		0.000		0.000		0.000		0.241		0.334		0.509		0.048		0.045		0.041		0.038		0.036		0.033		0.030		0.028		0.026		0.024		0.022		0.021		0.019		0.018		0.016

						Total savings (discounted)		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.117		0.116		0.114		0.112		0.109		0.107		0.099		0.091		0.085		0.078		0.073		0.067		0.062		0.058		0.053

						Cumulative CFs (discounted)		0.000		0.000		0.000		0.000		-0.241		-0.575		-1.084		-1.014		-0.943		-0.871		-0.797		-0.723		-0.650		-0.581		-0.518		-0.460		-0.406		-0.355		-0.309		-0.266		-0.226		-0.189



Risk adjusted NPV



Total costs (discounted)	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	0	0	0	0	0.24059311071655418	0.33415709821743633	0.50879887382901823	4.8304097320230319E-2	4.4726016037250294E-2	4.1412977812268791E-2	3.8345349826174803E-2	3.5504953542754444E-2	3.2874956984031894E-2	3.0439774985214711E-2	2.818497683816177E-2	2.6097200776075712E-2	2.4164074792662697E-2	2.2374143326539531E-2	2.0716799376425489E-2	1.9182221644838418E-2	1.7761316337813349E-2	1.6445663275753097E-2	Total savings (discounted)	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	0	0	0	0	0	0	0	0.11741443796044976	0.11596487699797507	0.11408581649106345	0.11184883969712101	0.10931728159698041	0.10654705808672556	9.8654683413634758E-2	9.1346929086698836E-2	8.4580489895091523E-2	7.8315268421381035E-2	7.2514137427204653E-2	6.7142719840004306E-2	6.2169185037041025E-2	5.7564060219482432E-2	5.3300055758780017E-2	Cumulative CFs (discounted)	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	0	0	0	0	-0.24059311071655418	-0.57475020893399054	-1.0835490827630088	-1.0144387421227894	-0.94319988116206466	-0.87052704248326995	-0.79702355261232372	-0.72321122455809772	-0.6495391234554041	-0.58132421502698406	-0.51816226277844701	-0.45967897365943122	-0.40552778003071288	-0.35538778593004777	-0.30896186546646898	-0.26597490207426638	-0.22617215819259731	-0.18931776570957037	









Sensitivity

				Sensitivity Analysis

						Change, %

				Total implementation cost		0%

				Total additional operating costs		0%

				Atco cost  savings		0%

				Support staff cost savings		0%

				Discount rate		0%

												<< Before doing sensitivity analysis update numbers in 'CFs'AA27:AA28, if any changes in CFs have been done

						%		Value

				NPV%		-0.01		-0.01

				IRR%		0.01		0.00

						Impact for NPV (%)																														Impact for NPV (values)

						-25%		-20%		-15%		-10%		-5%		-3%		-1%		0%		1%		3%		5%		10%		15%		20%		25%		-25%		-20%		-15%		-10%		-5%		-3%		-1%		0%		1%		3%		5%		10%		15%		20%		25%

				Total implementation cost		19.93%		16.60%		12.99%		9.05%		4.74%		2.90%		0.99%		0.00%		-0.99%		-2.90%		-4.74%		-9.05%		-12.99%		-16.60%		-19.93%		0.227		0.182		0.136		0.091		0.045		0.027		0.009		0.000		-0.009		-0.027		-0.045		-0.091		-0.136		-0.182		-0.227

				Total additional operating costs		8.16%		6.64%		5.06%		3.43%		1.75%		1.06%		0.35%		0.00%		-0.35%		-1.06%		-1.75%		-3.43%		-5.06%		-6.64%		-8.16%		0.081		0.065		0.049		0.032		0.016		0.010		0.003		0.000		-0.003		-0.010		-0.016		-0.032		-0.049		-0.065		-0.081

				Atco cost  savings		-142.54%		-88.74%		-54.47%		-30.73%		-13.32%		-7.59%		-2.41%		0.00%		2.41%		7.59%		13.32%		30.73%		54.47%		88.74%		142.54%		-0.537		-0.429		-0.322		-0.215		-0.107		-0.064		-0.021		0.000		0.021		0.064		0.107		0.215		0.322		0.429		0.537

				Support staff cost savings		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000

				Discount rate		32.77%		27.32%		21.38%		14.88%		7.78%		4.76%		1.62%		0.00%		-1.62%		-4.76%		-7.78%		-14.88%		-21.38%		-27.32%		-32.77%		0.445		0.343		0.248		0.160		0.077		0.046		0.015		0.000		-0.015		-0.046		-0.077		-0.160		-0.248		-0.343		-0.445



						Impact for IRR (%)																														Impact for IRR(values)

						-25%		-20%		-15%		-10%		-5%		-3%		-1%		0%		1%		3%		5%		10%		15%		20%		25%		-25%		-20%		-15%		-10%		-5%		-3%		-1%		0%		1%		3%		5%		10%		15%		20%		25%

				Total implementation cost		22.82%		18.41%		13.94%		9.39%		4.74%		2.86%		0.96%		0.00%		-0.96%		-2.86%		-4.74%		-9.39%		-13.94%		-18.41%		-22.82%		0.056		0.042		0.030		0.019		0.009		0.006		0.002		0.000		-0.002		-0.006		-0.009		-0.019		-0.030		-0.042		-0.056

				Total additional operating costs		4.22%		3.41%		2.58%		1.74%		0.88%		0.53%		0.18%		0.00%		-0.18%		-0.53%		-0.88%		-1.74%		-2.58%		-3.41%		-4.22%		0.008		0.007		0.005		0.003		0.002		0.001		0.000		0.000		-0.000		-0.001		-0.002		-0.003		-0.005		-0.007		-0.008

				Atco cost  savings		-45.03%		-32.18%		-21.83%		-13.30%		-6.13%		-3.56%		-1.15%		0.00%		1.15%		3.56%		6.13%		13.30%		21.83%		32.18%		45.03%		-0.058		-0.046		-0.034		-0.022		-0.011		-0.006		-0.002		0.000		0.002		0.006		0.011		0.022		0.034		0.046		0.058

				Support staff cost savings		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000



				Critical CFs: (X>1 or X <-1)

						Impact for NPV (%)

						-25%		-20%		-15%		-10%		-5%		-3%		-1%		0%		1%		3%		5%		10%		15%		20%		25%

				Total implementation cost		-0.80		-0.83		-0.87		-0.91		-0.95		-0.97		-0.99		0.00%		-0.99		-0.97		-0.95		-0.91		-0.87		-0.83		-0.80

				Total additional operating costs		-0.33		-0.33		-0.34		-0.34		-0.35		-0.35		-0.35		0.00%		-0.35		-0.35		-0.35		-0.34		-0.34		-0.33		-0.33

				Atco cost  savings		5.70		4.44		3.63		3.07		2.66		2.53		2.41		0.00%		2.41		2.53		2.66		3.07		3.63		4.44		5.70

				Support staff  cost savings		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00%		0.00		0.00		0.00		0.00		0.00		0.00		0.00

				Discount rate		-1.31		-1.37		-1.43		-1.49		-1.56		-1.59		-1.62		0.00%		-1.62		-1.59		-1.56		-1.49		-1.43		-1.37		-1.31

						Impact for IRR (%)

						-25%		-20%		-15%		-10%		-5%		-3%		-1%		0%		1%		3%		5%		10%		15%		20%		25%

				Total implementation cost		-0.91		-0.92		-0.93		-0.94		-0.95		-0.95		-0.96		0.00%		-0.96		-0.95		-0.95		-0.94		-0.93		-0.92		-0.91

				Total additional operating costs		-0.17		-0.17		-0.17		-0.17		-0.18		-0.18		-0.18		0.00%		-0.18		-0.18		-0.18		-0.17		-0.17		-0.17		-0.17

				Atco cost  savings		1.80		1.61		1.46		1.33		1.23		1.19		1.15		0.00%		1.15		1.19		1.23		1.33		1.46		1.61		1.80

				Support staff  cost savings		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00%		0.00		0.00		0.00		0.00		0.00		0.00		0.00

				Discount rate		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00%		0.00		0.00		0.00		0.00		0.00		0.00		0.00

				Break-even points

				NPV		0.90

						Change		Value of CF

				Total implementation cost		98.2%		2.953

				Total additional operating costs		278.1%		3.686

				Atco cost  savings		-42.0%		3.832

				Support staff and non-staff cost savings		-33554432.0%		0.000

				Discount rate		138.3%		19.07%



Sensitivity

NPV % change depending on % change of direct factors



Total implementation cost	-25%	-20%	-15%	-10%	-5%	-3%	-1%	0%	1%	3%	5%	10%	15%	20%	25%	Impact for NPV (%)	0.19925533437418735	0.16602035580095831	0.12990707140463295	9.0524644766962328E-2	4.7408124183888484E-2	2.8994708405029327E-2	9.855405881508135E-3	0	-9.855405881508135E-3	-2.8994708405029327E-2	-4.7408124183888484E-2	-9.0524644766962328E-2	-0.12990707140463295	-0.16602035580095831	-0.19925533437418735	Total additional operating costs	-25%	-20%	-15%	-10%	-5%	-3%	-1%	0%	1%	3%	5%	10%	15%	20%	25%	Impact for NPV (%)	8.1612621511206851E-2	6.6373479948448513E-2	5.0620067469632324E-2	3.4325904852959437E-2	1.7462663285691443E-2	1.0551299487485611E-2	3.5420150703594912E-3	0	-3.5420150703594912E-3	-1.0551299487485611E-2	-1.7462663285691443E-2	-3.4325904852959437E-2	-5.0620067469632324E-2	-6.6373479948448513E-2	-8.1612621511206851E-2	Atco cost  savings	-25%	-20%	-15%	-10%	-5%	-3%	-1%	0%	1%	3%	5%	10%	15%	20%	25%	Impact for NPV (%)	-1.4254341528246608	-0.88736986103765803	-0.54469165600406855	-0.30732808879523216	-0.1331965273112517	-7.5875381459236182E-2	-2.407404238683411E-2	0	2.407404238683411E-2	7.5875381459236182E-2	0.1331965273112517	0.30732808879523216	0.54469165600406855	0.88736986103765803	1.4254341528246608	Discount rate	-25%	-20%	-15%	-10%	-5%	-3%	-1%	0%	1%	3%	5%	10%	15%	20%	25%	Impact for NPV (%)	0.32768881558539553	0.27318635154132331	0.21375500015915258	0.14884692587573073	7.7835362152941012E-2	4.7563940451616209E-2	1.6151133068268649E-2	0	-1.6151133068268649E-2	-4.7563940451616209E-2	-7.7835362152941012E-2	-0.14884692587573073	-0.21375500015915258	-0.27318635154132331	-0.32768881558539553	Support staff cost savings	-25%	-20%	-15%	-10%	-5%	-3%	-1%	0%	1%	3%	5%	10%	15%	20%	25%	Impact for NPV (%)	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	







IRR % change depending on % change of direct factors



Total implementation cost	-25%	-20%	-15%	-10%	-5%	-3%	-1%	0%	1%	3%	5%	10%	15%	20%	25%	Impact for IRR (%)	0.2281909482506958	0.18414365576228434	0.13939774830321297	9.3855704139581719E-2	4.7421632372905545E-2	2.8576850633572067E-2	9.567933837047014E-3	0	-9.567933837047014E-3	-2.8576850633572067E-2	-4.7421632372905545E-2	-9.3855704139581719E-2	-0.13939774830321297	-0.18414365576228434	-0.2281909482506958	Total additional operating costs	-25%	-20%	-15%	-10%	-5%	-3%	-1%	0%	1%	3%	5%	10%	15%	20%	25%	Impact for IRR (%)	4.2179453299769153E-2	3.4090849332653723E-2	2.5834265207017742E-2	1.7404164463171883E-2	8.7947600748053186E-3	5.2994468929510232E-3	1.7740802618298438E-3	0	-1.7740802618298438E-3	-5.2994468929510232E-3	-8.7947600748053186E-3	-1.7404164463171883E-2	-2.5834265207017742E-2	-3.4090849332653723E-2	-4.2179453299769153E-2	Atco cost  savings	-25%	-20%	-15%	-10%	-5%	-3%	-1%	0%	1%	3%	5%	10%	15%	20%	25%	Impact for IRR (%)	-0.45027541973341223	-0.32180429424055279	-0.21833933095850119	-0.13300900544716651	-6.1271246061754339E-2	-3.5647544324143778E-2	-1.1533788204461938E-2	0	1.1533788204461938E-2	3.5647544324143778E-2	6.1271246061754339E-2	0.13300900544716651	0.21833933095850119	0.32180429424055279	0.45027541973341223	Support staff cost savings	-25%	-20%	-15%	-10%	-5%	-3%	-1%	0%	1%	3%	5%	10%	15%	20%	25%	Impact for IRR (%)	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	







Break_even Points



Monte_Carlo

				Monte Carlo Simulation



				Confidence level		70%



						Distribution		Investment period						Gradual realization of benefits

								1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22

								2019		2020		2021		2022		2023		2024		2025		2026		2027		2028		2029		2030		2031		2032		2033		2034		2035		2036		2037		2038		2039		2040



				Total implementation cost		LogLogistics (3P)		0.00		0.00		0.00		0.00		0.05		0.08		0.13		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

				Total additional operating costs		Triangular		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.02		0.02		0.02		0.02		0.02		0.02		0.02		0.02		0.02		0.02		0.02		0.02		0.02		0.02		0.02

				Total costs				0.00		0.00		0.00		0.00		0.05		0.08		0.13		0.02		0.02		0.02		0.02		0.02		0.02		0.02		0.02		0.02		0.02		0.02		0.02		0.02		0.02		0.02



				Atco cost  savings		Triangular		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.13		0.14		0.15		0.16		0.17		0.17		0.17		0.17		0.17		0.17		0.17		0.17		0.17		0.17		0.17

				Support staff cost savings		Triangular		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

				Total savings (atco+support staff costs)				0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.13		0.14		0.15		0.16		0.17		0.17		0.17		0.17		0.17		0.17		0.17		0.17		0.17		0.17		0.17





				Add. Calculation for triangualar PD (Left tail):

				Total additional operating costs				0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.08		0.08		0.08		0.08		0.08		0.08		0.08		0.08		0.08		0.08		0.08		0.08		0.08		0.08		0.08

				Atco cost  savings				0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.55		0.59		0.63		0.67		0.71		0.75		0.75		0.75		0.75		0.75		0.75		0.75		0.75		0.75		0.75

				Atco cost  savings				0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

				Add. Calculation for triangualar PD (Right tail):

				Total additional operating costs				0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.09		0.09		0.09		0.09		0.09		0.09		0.09		0.09		0.09		0.09		0.09		0.09		0.09		0.09		0.09

				Atco cost  savings				0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.48		0.51		0.54		0.57		0.61		0.64		0.64		0.64		0.64		0.64		0.64		0.64		0.64		0.64		0.64

				Atco cost  savings				0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00





								Investment period						Gradual realization of benefits

								1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22

								2019		2020		2021		2022		2023		2024		2025		2026		2027		2028		2029		2030		2031		2032		2033		2034		2035		2036		2037		2038		2039		2040



				Total implementation cost				0.00		0.00		0.00		0.00		0.35		0.53		0.87		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

				Total additional operating costs				0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.09		0.09		0.09		0.09		0.09		0.09		0.09		0.09		0.09		0.09		0.09		0.09		0.09		0.09		0.09

				Total costs				0.00		0.00		0.00		0.00		0.35		0.53		0.87		0.09		0.09		0.09		0.09		0.09		0.09		0.09		0.09		0.09		0.09		0.09		0.09		0.09		0.09		0.09



				Atco cost  savings				0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.22		0.23		0.25		0.26		0.28		0.29		0.29		0.29		0.29		0.29		0.29		0.29		0.29		0.29		0.29

				Support staff cost savings				0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

				Total savings (atco+support staff costs)				0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.22		0.23		0.25		0.26		0.28		0.29		0.29		0.29		0.29		0.29		0.29		0.29		0.29		0.29		0.29



				Cashflows (CFs)				0.00		0.00		0.00		0.00		-0.35		-0.53		-0.87		0.13		0.14		0.16		0.17		0.19		0.20		0.20		0.20		0.20		0.20		0.20		0.20		0.20		0.20		0.20

				CFs (cummulative)				0.00		0.00		0.00		0.00		-0.35		-0.88		-1.76		-1.63		-1.49		-1.33		-1.16		-0.97		-0.77		-0.57		-0.37		-0.17		0.03		0.23		0.43		0.63		0.83		1.03



				Discount rate		8%



				CFs (discounted)				0.00		0.00		0.00		0.00		-0.24		-0.33		-0.51		0.07		0.07		0.07		0.07		0.07		0.07		0.07		0.06		0.06		0.05		0.05		0.05		0.04		0.04		0.04

				CFs (cummulative)				0.00		0.00		0.00		0.00		-0.24		-0.57		-1.08		-1.01		-0.94		-0.87		-0.80		-0.72		-0.65		-0.58		-0.52		-0.46		-0.41		-0.36		-0.31		-0.27		-0.23		-0.19



				Test: Is CF positive?				1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1

				Add. calculation				-		-		-		-		-		-		-		-		-		-		-		-		-		-		-		-		-		-		-		-		-		-



				Indicators:

				NPV		-0.189

				IRR		5%

				B/C ratio		1.33

				Payback period (years)		Unbenefit





				Simualtion



								NPV

						Confidence level		-0.189				NPV				NPV				Bin distribution				Bin distribution		Frequency		Cumulative %						Bin				0		Frequency		Cumulative %

				1		0.271		0.85489				0.855		Min		-7.18600		1		-6.740				-6.67		1		0.10%						0				Bin		365		36.50%		Value at risk

				2		0.087		0.99327				0.993		Max		1.72700		2		-6.295				-6.23		1		0.20%										More		635		100.00%

				3		0.635		0.00683				0.007						3		-5.849				-5.78		0		0.20%

				4		0.154		0.71945				0.719						4		-5.403				-5.34		0		0.20%

				5		0.457		0.45819				0.458						5		-4.958				-4.90		1		0.30%

				6		0.358		0.67607				0.676						6		-4.512				-4.46		0		0.30%

				7		0.158		0.70174				0.702						7		-4.066				-4.01		0		0.30%

				8		0.963		-1.70209				-1.702						8		-3.621				-3.57		1		0.40%

				9		0.967		-1.77054				-1.771						9		-3.175				-3.13		2		0.60%

				10		0.822		-0.64948				-0.649						10		-2.730				-2.69		5		1.10%

				11		0.792		-0.51904				-0.519						11		-2.284				-2.25		10		2.10%

				12		0.557		0.21767				0.218						12		-1.838				-1.80		12		3.30%

				13		0.016		1.47714				1.477						13		-1.393				-1.36		31		6.40%

				14		0.241		0.91362				0.914						14		-0.947				-0.92		56		12.00%

				15		0.885		-0.97609				-0.976						15		-0.501				-0.48		93		21.30%

				16		0.288		0.81979				0.820						16		-0.056				-0.03		138		35.10%

				17		0.227		0.47939				0.479						17		0.390				0.41		152		50.30%

				18		0.208		0.53582				0.536						18		0.836				0.85		296		79.90%

				19		0.080		1.02914				1.029						19		1.281				1.29		166		96.50%

				20		0.464		0.44284				0.443						20		1.727				1.74		35		100.00%

				21		0.102		0.92649				0.926												More		0		100.00%

				22		0.099		0.93692				0.937

				23		0.090		0.97898				0.979

				24		0.810		-0.59623				-0.596

				25		0.318		0.76004				0.760

				26		0.363		0.66562				0.666

				27		0.752		-0.36751				-0.368

				28		0.495		0.37117				0.371

				29		0.092		0.97223				0.972

				30		0.999		-5.28542				-5.285

				31		0.139		0.77194				0.772

				32		0.265		0.86663				0.867

				33		0.757		-0.38496				-0.385

				34		0.991		-2.59462				-2.595

				35		0.205		0.54699				0.547

				36		0.219		0.50193				0.502

				37		0.442		0.49333				0.493

				38		0.526		0.29599				0.296

				39		0.301		0.79372				0.794

				40		0.990		-2.49508				-2.495

				41		0.978		-2.00725				-2.007

				42		0.081		1.02329				1.023

				43		0.326		0.74302				0.743

				44		0.131		0.80395				0.804

				45		0.676		-0.11516				-0.115

				46		0.668		-0.08857				-0.089

				47		0.408		0.56815				0.568

				48		0.295		0.80682				0.807

				49		0.207		0.53971				0.540

				50		0.615		0.06384				0.064

				51		0.609		0.07943				0.079

				52		0.317		0.76118				0.761

				53		0.428		0.52472				0.525

				54		0.094		0.95950				0.959

				55		0.653		-0.04589				-0.046

				56		0.284		0.82797				0.828

				57		0.070		1.07951				1.080

				58		0.342		0.70886				0.709

				59		0.403		0.57907				0.579

				60		0.904		-1.10170				-1.102

				61		0.110		0.89162				0.892

				62		0.661		-0.06958				-0.070

				63		0.278		0.83975				0.840

				64		0.477		0.41161				0.412

				65		0.407		0.57183				0.572

				66		0.626		0.03149				0.031

				67		0.315		0.76584				0.766

				68		0.947		-1.48766				-1.488

				69		0.074		1.05830				1.058

				70		0.062		1.12287				1.123

				71		0.914		-1.18114				-1.181

				72		0.982		-2.12974				-2.130

				73		0.714		-0.23403				-0.234

				74		0.059		1.14448				1.144

				75		0.848		-0.77439				-0.774

				76		0.706		-0.20884				-0.209

				77		0.329		0.73733				0.737

				78		0.123		0.83743				0.837

				79		0.121		0.84439				0.844

				80		0.800		-0.55103				-0.551

				81		0.420		0.54236				0.542

				82		0.417		0.54802				0.548

				83		0.128		0.81513				0.815

				84		0.032		1.32064				1.321

				85		0.059		1.14058				1.141

				86		0.437		0.50403				0.504

				87		0.429		0.52231				0.522

				88		0.883		-0.96763				-0.968

				89		0.424		0.53285				0.533

				90		0.246		0.90364				0.904

				91		0.031		1.33326				1.333

				92		0.895		-1.04213				-1.042

				93		0.776		-0.45455				-0.455

				94		0.688		-0.15139				-0.151

				95		0.849		-0.77623				-0.776

				96		0.487		0.39028				0.390

				97		0.598		0.11107				0.111

				98		0.580		0.15680				0.157

				99		0.897		-1.05587				-1.056

				100		0.401		0.58394				0.584

				101		0.782		-0.48094				-0.481

				102		0.038		1.27529				1.275

				103		0.495		0.36924				0.369

				104		0.137		0.78144				0.781

				105		0.617		0.05756				0.058

				106		0.685		-0.14265				-0.143

				107		0.039		1.27360				1.274

				108		0.190		0.59367				0.594

				109		0.263		0.87039				0.870

				110		0.696		-0.17783				-0.178

				111		0.065		1.11020				1.110

				112		0.369		0.65377				0.654

				113		0.747		-0.34799				-0.348

				114		0.762		-0.40411				-0.404

				115		0.473		0.42103				0.421

				116		0.776		-0.45756				-0.458

				117		0.650		-0.03550				-0.035

				118		0.145		0.75144				0.751

				119		0.223		0.48899				0.489

				120		0.574		0.17302				0.173

				121		0.110		0.89073				0.891

				122		0.487		0.38871				0.389

				123		0.198		0.56782				0.568

				124		0.670		-0.09535				-0.095

				125		0.170		0.66128				0.661

				126		0.281		0.83497				0.835

				127		0.892		-1.02453				-1.025

				128		0.472		0.42394				0.424

				129		0.203		0.55183				0.552

				130		0.418		0.54761				0.548

				131		0.505		0.34522				0.345

				132		0.536		0.26988				0.270

				133		0.588		0.13671				0.137

				134		0.709		-0.21694				-0.217

				135		0.785		-0.48978				-0.490

				136		0.494		0.37277				0.373

				137		0.471		0.42720				0.427

				138		0.075		1.05467				1.055

				139		0.042		1.25104				1.251

				140		0.201		0.55711				0.557

				141		0.002		1.72722				1.727

				142		0.465		0.44094				0.441

				143		0.991		-2.60910				-2.609

				144		0.962		-1.68695				-1.687

				145		0.898		-1.06410				-1.064

				146		0.009		1.56522				1.565

				147		0.321		0.75259				0.753

				148		0.768		-0.42724				-0.427

				149		0.226		0.47982				0.480

				150		0.703		-0.19802				-0.198

				151		0.882		-0.96053				-0.961

				152		0.649		-0.03222				-0.032

				153		0.848		-0.77323				-0.773

				154		0.267		0.86366				0.864

				155		0.432		0.51471				0.515

				156		0.105		0.91087				0.911

				157		0.987		-2.33917				-2.339

				158		0.584		0.14783				0.148

				159		0.120		0.85007				0.850

				160		0.621		0.04821				0.048

				161		0.149		0.73769				0.738

				162		0.435		0.50868				0.509

				163		0.022		1.40764				1.408

				164		1.000		-7.18595				-7.186

				165		0.779		-0.46701				-0.467

				166		0.651		-0.03805				-0.038

				167		0.823		-0.65335				-0.653

				168		0.764		-0.41154				-0.412

				169		0.733		-0.29842				-0.298

				170		0.337		0.72080				0.721

				171		0.961		-1.67729				-1.677

				172		0.315		0.76650				0.766

				173		0.738		-0.31660				-0.317

				174		0.603		0.09647				0.096

				175		0.110		0.88822				0.888

				176		0.850		-0.78458				-0.785

				177		0.204		0.54786				0.548

				178		0.592		0.12702				0.127

				179		0.117		0.86056				0.861

				180		0.722		-0.26172				-0.262

				181		0.656		-0.05469				-0.055

				182		0.284		0.82763				0.828

				183		0.045		1.23260				1.233

				184		0.889		-1.00620				-1.006

				185		0.659		-0.06298				-0.063

				186		0.322		0.75209				0.752

				187		0.885		-0.97842				-0.978

				188		0.242		0.91278				0.913

				189		0.068		1.09377				1.094

				190		0.816		-0.62009				-0.620

				191		0.308		0.78058				0.781

				192		0.367		0.65772				0.658

				193		0.424		0.53417				0.534

				194		0.263		0.87079				0.871

				195		0.081		1.02590				1.026

				196		0.651		-0.03799				-0.038

				197		0.854		-0.80328				-0.803

				198		0.671		-0.09904				-0.099

				199		0.871		-0.89224				-0.892

				200		0.262		0.87214				0.872

				201		0.769		-0.42979				-0.430

				202		0.748		-0.35355				-0.354

				203		0.830		-0.68678				-0.687

				204		0.970		-1.82798				-1.828

				205		0.244		0.90757				0.908

				206		0.976		-1.96899				-1.969

				207		0.473		0.42277				0.423

				208		0.785		-0.49261				-0.493

				209		0.326		0.74355				0.744

				210		0.260		0.87730				0.877

				211		0.843		-0.74519				-0.745

				212		0.039		1.27214				1.272

				213		0.348		0.69710				0.697

				214		0.598		0.11086				0.111

				215		0.562		0.20550				0.206

				216		0.993		-2.71615				-2.716

				217		0.084		1.00764				1.008

				218		0.862		-0.84349				-0.843

				219		0.113		0.87903				0.879

				220		0.595		0.11798				0.118

				221		0.721		-0.25885				-0.259

				222		0.902		-1.09190				-1.092

				223		0.276		0.84395				0.844

				224		0.011		1.54260				1.543

				225		0.456		0.46064				0.461

				226		0.523		0.30268				0.303

				227		0.584		0.14691				0.147

				228		0.463		0.44499				0.445

				229		0.108		0.89682				0.897

				230		0.433		0.51415				0.514

				231		0.130		0.80858				0.809

				232		0.713		-0.23177				-0.232

				233		0.832		-0.69652				-0.697

				234		0.087		0.99433				0.994

				235		0.014		1.49644				1.496

				236		0.105		0.91102				0.911

				237		0.711		-0.22483				-0.225

				238		0.691		-0.16150				-0.161

				239		0.865		-0.85900				-0.859

				240		0.247		0.90339				0.903

				241		0.883		-0.96779				-0.968

				242		0.873		-0.90593				-0.906

				243		0.439		0.49924				0.499

				244		0.101		0.93157				0.932

				245		0.333		0.72829				0.728

				246		0.747		-0.34963				-0.350

				247		0.678		-0.12105				-0.121

				248		0.944		-1.45302				-1.453

				249		0.080		1.03108				1.031

				250		0.490		0.38183				0.382

				251		0.109		0.89318				0.893

				252		0.756		-0.38079				-0.381

				253		0.774		-0.44670				-0.447

				254		0.075		1.05477				1.055

				255		0.850		-0.78268				-0.783

				256		0.654		-0.04891				-0.049

				257		0.888		-0.99811				-0.998

				258		0.256		0.88444				0.884

				259		0.458		0.45719				0.457

				260		0.041		1.25710				1.257

				261		0.994		-2.92933				-2.929

				262		0.441		0.49468				0.495

				263		0.752		-0.36703				-0.367

				264		0.950		-1.51842				-1.518

				265		0.991		-2.56994				-2.570

				266		0.744		-0.33874				-0.339

				267		0.050		1.19671				1.197

				268		0.661		-0.06740				-0.067

				269		0.362		0.66743				0.667

				270		0.409		0.56676				0.567

				271		0.385		0.61801				0.618

				272		0.101		0.92739				0.927

				273		0.282		0.83328				0.833

				274		0.405		0.57567				0.576

				275		0.043		1.24030				1.240

				276		0.861		-0.83848				-0.838

				277		0.164		0.68206				0.682

				278		0.536		0.27169				0.272

				279		0.342		0.71055				0.711

				280		0.727		-0.27849				-0.278

				281		0.735		-0.30744				-0.307

				282		0.173		0.65139				0.651

				283		0.156		0.71017				0.710

				284		0.360		0.67291				0.673

				285		0.294		0.80869				0.809

				286		0.247		0.90193				0.902

				287		0.384		0.62172				0.622

				288		0.117		0.85985				0.860

				289		0.037		1.28338				1.283

				290		0.692		-0.16325				-0.163

				291		0.049		1.20026				1.200

				292		0.394		0.59897				0.599

				293		0.557		0.21771				0.218

				294		0.357		0.67900				0.679

				295		0.465		0.44024				0.440

				296		0.743		-0.33468				-0.335

				297		0.219		0.50144				0.501

				298		0.953		-1.55923				-1.559

				299		0.234		0.92867				0.929

				300		0.673		-0.10331				-0.103

				301		0.067		1.09640				1.096

				302		0.607		0.08560				0.086

				303		0.067		1.09418				1.094

				304		0.686		-0.14541				-0.145

				305		0.970		-1.82545				-1.825

				306		0.598		0.10870				0.109

				307		0.385		0.61901				0.619

				308		0.994		-2.85646				-2.856

				309		0.076		1.04652				1.047

				310		0.301		0.79391				0.794

				311		0.337		0.72111				0.721

				312		0.531		0.28303				0.283

				313		0.483		0.39798				0.398

				314		0.492		0.37858				0.379

				315		0.768		-0.42481				-0.425

				316		0.184		0.61257				0.613

				317		0.439		0.49983				0.500

				318		0.013		1.50979				1.510

				319		0.603		0.09696				0.097

				320		0.601		0.10169				0.102

				321		0.677		-0.11855				-0.119

				322		0.430		0.51921				0.519

				323		0.996		-3.20650				-3.207

				324		0.824		-0.65741				-0.657

				325		0.262		0.87324				0.873

				326		0.844		-0.75022				-0.750

				327		0.141		0.76604				0.766

				328		0.953		-1.55652				-1.557

				329		0.772		-0.44275				-0.443

				330		0.676		-0.11524				-0.115

				331		0.988		-2.38353				-2.384

				332		0.642		-0.01216				-0.012

				333		0.412		0.55963				0.560

				334		0.812		-0.60265				-0.603

				335		0.284		0.82886				0.829

				336		0.545		0.24814				0.248

				337		0.197		0.57028				0.570

				338		0.277		0.84337				0.843

				339		0.933		-1.33700				-1.337

				340		0.802		-0.56208				-0.562

				341		0.227		0.47718				0.477

				342		0.490		0.38194				0.382

				343		0.793		-0.52551				-0.526

				344		0.143		0.75910				0.759

				345		0.335		0.72460				0.725

				346		0.611		0.07539				0.075

				347		0.012		1.52300				1.523

				348		0.675		-0.10967				-0.110

				349		0.537		0.26807				0.268

				350		0.743		-0.33445				-0.334

				351		0.863		-0.84896				-0.849

				352		0.642		-0.01367				-0.014

				353		0.905		-1.10784				-1.108

				354		0.135		0.78727				0.787

				355		0.731		-0.29312				-0.293

				356		0.975		-1.94292				-1.943

				357		0.825		-0.66153				-0.662

				358		0.651		-0.03951				-0.040

				359		0.275		0.84688				0.847

				360		0.788		-0.50368				-0.504

				361		0.664		-0.07619				-0.076

				362		0.249		0.89896				0.899

				363		0.888		-0.99552				-0.996

				364		0.705		-0.20600				-0.206

				365		0.798		-0.54329				-0.543

				366		0.558		0.21436				0.214

				367		0.379		0.63073				0.631

				368		0.378		0.63410				0.634

				369		0.008		1.57559				1.576

				370		0.747		-0.34910				-0.349

				371		0.720		-0.25409				-0.254

				372		0.441		0.49495				0.495

				373		0.752		-0.36714				-0.367

				374		0.558		0.21592				0.216

				375		0.499		0.36173				0.362

				376		0.846		-0.76262				-0.763

				377		0.162		0.69066				0.691

				378		0.801		-0.55543				-0.555

				379		0.320		0.75513				0.755

				380		0.011		1.53677				1.537

				381		0.599		0.10805				0.108

				382		0.270		0.85750				0.858

				383		0.091		0.97746				0.977

				384		0.913		-1.17223				-1.172

				385		0.065		1.10844				1.108

				386		0.217		0.50969				0.510

				387		0.514		0.32385				0.324

				388		0.183		0.61607				0.616

				389		0.205		0.54520				0.545

				390		0.524		0.29961				0.300

				391		0.665		-0.07977				-0.080

				392		0.791		-0.51647				-0.516

				393		0.911		-1.15478				-1.155

				394		0.363		0.66599				0.666

				395		0.841		-0.73842				-0.738

				396		0.090		0.97836				0.978

				397		0.257		0.88354				0.884

				398		0.702		-0.19435				-0.194

				399		0.147		0.74186				0.742

				400		0.354		0.68539				0.685

				401		0.523		0.30390				0.304

				402		0.585		0.14583				0.146

				403		0.217		0.50882				0.509

				404		0.579		0.16127				0.161

				405		0.662		-0.07126				-0.071

				406		0.429		0.52194				0.522

				407		0.849		-0.77618				-0.776

				408		0.415		0.55309				0.553

				409		0.605		0.09129				0.091

				410		0.737		-0.31380				-0.314

				411		0.456		0.46225				0.462

				412		0.739		-0.32064				-0.321

				413		0.549		0.23848				0.238

				414		0.009		1.56454				1.565

				415		0.551		0.23202				0.232

				416		0.825		-0.66334				-0.663

				417		0.919		-1.21953				-1.220

				418		0.543		0.25260				0.253

				419		0.243		0.90994				0.910

				420		0.801		-0.55831				-0.558

				421		0.281		0.83459				0.835

				422		0.236		0.92368				0.924

				423		0.161		0.69157				0.692

				424		0.029		1.35107				1.351

				425		0.126		0.82279				0.823

				426		0.488		0.38776				0.388

				427		0.697		-0.17846				-0.178

				428		0.632		0.01669				0.017

				429		0.998		-3.60881				-3.609

				430		0.721		-0.25828				-0.258

				431		0.864		-0.85773				-0.858

				432		0.885		-0.97657				-0.977

				433		0.121		0.84422				0.844

				434		0.098		0.94439				0.944

				435		0.234		0.92738				0.927

				436		0.409		0.56672				0.567

				437		0.033		1.31405				1.314

				438		0.422		0.53715				0.537

				439		0.710		-0.22305				-0.223

				440		0.575		0.17147				0.171

				441		0.147		0.74482				0.745

				442		0.208		0.53593				0.536

				443		0.948		-1.50174				-1.502

				444		0.680		-0.12662				-0.127

				445		0.480		0.40663				0.407

				446		0.775		-0.45263				-0.453

				447		0.101		0.93112				0.931

				448		0.881		-0.95065				-0.951

				449		0.851		-0.78682				-0.787

				450		0.767		-0.42252				-0.423

				451		0.486		0.39133				0.391

				452		0.871		-0.89612				-0.896

				453		0.919		-1.21481				-1.215

				454		0.337		0.71968				0.720

				455		0.272		0.85240				0.852

				456		0.052		1.18189				1.182

				457		0.150		0.73339				0.733

				458		0.466		0.43747				0.437

				459		0.273		0.84991				0.850

				460		0.449		0.47676				0.477

				461		0.874		-0.91401				-0.914

				462		0.087		0.99417				0.994

				463		0.697		-0.17878				-0.179

				464		0.373		0.64538				0.645

				465		0.859		-0.83102				-0.831

				466		0.524		0.29969				0.300

				467		0.450		0.47468				0.475

				468		0.883		-0.96295				-0.963

				469		0.114		0.87235				0.872

				470		0.162		0.68948				0.689

				471		0.380		0.62924				0.629

				472		0.700		-0.18944				-0.189

				473		0.690		-0.15773				-0.158

				474		0.567		0.19246				0.192

				475		0.762		-0.40361				-0.404

				476		0.339		0.71511				0.715

				477		0.149		0.73732				0.737

				478		0.540		0.25996				0.260

				479		0.294		0.80936				0.809

				480		0.237		0.92229				0.922

				481		0.414		0.55563				0.556

				482		0.087		0.99590				0.996

				483		0.076		1.04988				1.050

				484		0.062		1.12703				1.127

				485		0.691		-0.16050				-0.160

				486		0.956		-1.60890				-1.609

				487		0.062		1.12741				1.127

				488		0.553		0.22879				0.229

				489		0.121		0.84578				0.846

				490		0.866		-0.86559				-0.866

				491		0.852		-0.79190				-0.792

				492		0.272		0.85355				0.854

				493		0.958		-1.62984				-1.630

				494		0.469		0.43141				0.431

				495		0.238		0.92054				0.921

				496		0.373		0.64490				0.645

				497		0.377		0.63622				0.636

				498		0.367		0.65806				0.658

				499		0.237		0.92226				0.922

				500		0.048		1.20716				1.207

				501		0.093		0.96653				0.967

				502		0.537		0.26864				0.269

				503		0.480		0.40656				0.407

				504		0.119		0.85214				0.852

				505		0.690		-0.15708				-0.157

				506		0.692		-0.16300				-0.163

				507		0.988		-2.41458				-2.415

				508		0.557		0.21751				0.218

				509		0.470		0.42788				0.428

				510		0.319		0.75676				0.757

				511		0.710		-0.22148				-0.221

				512		0.784		-0.48631				-0.486

				513		0.666		-0.08407				-0.084

				514		0.003		1.67500				1.675

				515		0.275		0.84726				0.847

				516		0.757		-0.38553				-0.386

				517		0.860		-0.83702				-0.837

				518		0.906		-1.11573				-1.116

				519		0.366		0.65826				0.658

				520		0.596		0.11496				0.115

				521		0.379		0.63075				0.631

				522		0.938		-1.39308				-1.393

				523		0.640		-0.00566				-0.006

				524		0.642		-0.01404				-0.014

				525		0.104		0.91836				0.918

				526		0.131		0.80346				0.803

				527		0.077		1.04448				1.044

				528		0.628		0.02757				0.028

				529		0.888		-0.99990				-1.000

				530		0.248		0.90026				0.900

				531		0.834		-0.70357				-0.704

				532		0.352		0.68940				0.689

				533		0.386		0.61611				0.616

				534		0.954		-1.57760				-1.578

				535		0.305		0.78667				0.787

				536		0.335		0.72513				0.725

				537		0.291		0.81361				0.814

				538		0.703		-0.19744				-0.197

				539		0.965		-1.74845				-1.748

				540		0.164		0.68276				0.683

				541		0.317		0.76116				0.761

				542		0.850		-0.77984				-0.780

				543		0.098		0.94143				0.941

				544		0.355		0.68215				0.682

				545		0.004		1.65057				1.651

				546		0.660		-0.06652				-0.067

				547		0.599		0.10724				0.107

				548		0.991		-2.62314				-2.623

				549		0.856		-0.81248				-0.812

				550		0.387		0.61448				0.614

				551		0.505		0.34540				0.345

				552		0.883		-0.96834				-0.968

				553		0.315		0.76629				0.766

				554		0.102		0.92586				0.926

				555		0.366		0.65861				0.659

				556		0.104		0.91503				0.915

				557		0.760		-0.39446				-0.394

				558		0.900		-1.07579				-1.076

				559		0.025		1.38517				1.385

				560		0.696		-0.17741				-0.177

				561		0.249		0.89863				0.899

				562		0.379		0.63064				0.631

				563		0.886		-0.98579				-0.986

				564		0.781		-0.47640				-0.476

				565		0.419		0.54519				0.545

				566		0.940		-1.41520				-1.415

				567		0.016		1.47639				1.476

				568		0.960		-1.66053				-1.661

				569		0.093		0.96534				0.965

				570		0.783		-0.48300				-0.483

				571		0.498		0.36296				0.363

				572		0.638		-0.00080				-0.001

				573		0.610		0.07813				0.078

				574		0.533		0.27860				0.279

				575		0.065		1.11032				1.110

				576		0.269		0.85827				0.858

				577		0.113		0.87908				0.879

				578		0.653		-0.04472				-0.045

				579		0.096		0.95345				0.953

				580		0.414		0.55581				0.556

				581		0.562		0.20582				0.206

				582		0.326		0.74374				0.744

				583		0.967		-1.77254				-1.773

				584		0.490		0.38319				0.383

				585		0.815		-0.61615				-0.616

				586		0.325		0.74410				0.744

				587		0.923		-1.24962				-1.250

				588		0.916		-1.19194				-1.192

				589		0.211		0.52817				0.528

				590		0.142		0.76240				0.762

				591		0.755		-0.37763				-0.378

				592		0.134		0.79177				0.792

				593		0.961		-1.67096				-1.671

				594		0.804		-0.57160				-0.572

				595		0.211		0.52828				0.528

				596		0.716		-0.24270				-0.243

				597		0.188		0.60107				0.601

				598		0.460		0.45304				0.453

				599		0.089		0.98564				0.986

				600		0.814		-0.61360				-0.614

				601		0.671		-0.09853				-0.099

				602		0.939		-1.39655				-1.397

				603		0.846		-0.76060				-0.761

				604		0.579		0.15979				0.160

				605		0.977		-1.99778				-1.998

				606		0.245		0.90641				0.906

				607		0.363		0.66615				0.666

				608		0.160		0.69729				0.697

				609		0.835		-0.70887				-0.709

				610		0.226		0.48153				0.482

				611		0.855		-0.81018				-0.810

				612		0.819		-0.63480				-0.635

				613		0.924		-1.25664				-1.257

				614		0.420		0.54332				0.543

				615		0.853		-0.79717				-0.797

				616		0.179		0.62955				0.630

				617		0.039		1.27232				1.272

				618		0.678		-0.11892				-0.119

				619		0.147		0.74250				0.742

				620		0.962		-1.69503				-1.695

				621		0.159		0.69857				0.699

				622		0.189		0.59887				0.599

				623		0.108		0.89807				0.898

				624		0.010		1.55277				1.553

				625		0.884		-0.97187				-0.972

				626		0.980		-2.08441				-2.084

				627		0.878		-0.93470				-0.935

				628		0.680		-0.12696				-0.127

				629		0.142		0.76162				0.762

				630		0.440		0.49806				0.498

				631		0.117		0.86250				0.863

				632		0.878		-0.93340				-0.933

				633		0.071		1.07456				1.075

				634		0.045		1.22777				1.228

				635		0.087		0.99543				0.995

				636		0.705		-0.20497				-0.205

				637		0.789		-0.50693				-0.507

				638		0.669		-0.09244				-0.092

				639		0.258		0.88028				0.880

				640		0.496		0.36740				0.367

				641		0.080		1.02832				1.028

				642		0.347		0.70012				0.700

				643		0.671		-0.09790				-0.098

				644		0.846		-0.76023				-0.760

				645		0.785		-0.49103				-0.491

				646		0.914		-1.18122				-1.181

				647		0.524		0.29991				0.300

				648		0.370		0.65163				0.652

				649		0.657		-0.05615				-0.056

				650		0.055		1.16455				1.165

				651		0.085		1.00439				1.004

				652		0.678		-0.12078				-0.121

				653		0.757		-0.38359				-0.384

				654		0.893		-1.03138				-1.031

				655		0.788		-0.50246				-0.502

				656		0.077		1.04248				1.042

				657		0.319		0.75653				0.757

				658		0.786		-0.49486				-0.495

				659		0.666		-0.08260				-0.083

				660		0.686		-0.14451				-0.145

				661		0.402		0.58171				0.582

				662		0.758		-0.38941				-0.389

				663		0.356		0.67982				0.680

				664		0.466		0.43845				0.438

				665		0.568		0.18902				0.189

				666		0.932		-1.32719				-1.327

				667		0.007		1.60778				1.608

				668		0.976		-1.97838				-1.978

				669		0.398		0.59108				0.591

				670		0.464		0.44324				0.443

				671		0.884		-0.97483				-0.975

				672		0.838		-0.72144				-0.721

				673		0.192		0.58840				0.588

				674		0.489		0.38527				0.385

				675		0.320		0.75589				0.756

				676		0.653		-0.04488				-0.045

				677		0.551		0.23267				0.233

				678		0.321		0.75242				0.752

				679		0.023		1.40641				1.406

				680		0.646		-0.02365				-0.024

				681		0.944		-1.44911				-1.449

				682		0.478		0.41003				0.410

				683		0.387		0.61452				0.615

				684		0.726		-0.27593				-0.276

				685		0.077		1.04373				1.044

				686		0.358		0.67672				0.677

				687		0.810		-0.59450				-0.594

				688		0.485		0.39367				0.394

				689		0.412		0.56043				0.560

				690		0.110		0.88865				0.889

				691		0.846		-0.76169				-0.762

				692		0.109		0.89347				0.893

				693		0.510		0.33536				0.335

				694		0.996		-3.16208				-3.162

				695		0.390		0.60829				0.608

				696		0.216		0.51165				0.512

				697		0.168		0.66968				0.670

				698		0.480		0.40662				0.407

				699		0.078		1.03810				1.038

				700		0.392		0.60312				0.603

				701		0.545		0.24900				0.249

				702		0.177		0.63814				0.638

				703		0.709		-0.21951				-0.220

				704		0.787		-0.49878				-0.499

				705		0.144		0.75447				0.754

				706		0.960		-1.66091				-1.661

				707		0.299		0.79847				0.798

				708		0.368		0.65588				0.656

				709		0.543		0.25183				0.252

				710		0.604		0.09340				0.093

				711		0.715		-0.23727				-0.237

				712		0.700		-0.18909				-0.189

				713		0.230		0.46882				0.469

				714		0.694		-0.17115				-0.171

				715		0.335		0.72365				0.724

				716		0.592		0.12558				0.126

				717		0.245		0.90609				0.906

				718		0.804		-0.56922				-0.569

				719		0.379		0.63176				0.632

				720		0.402		0.58239				0.582

				721		0.543		0.25215				0.252

				722		0.902		-1.08769				-1.088

				723		0.483		0.39930				0.399

				724		0.749		-0.35668				-0.357

				725		0.699		-0.18734				-0.187

				726		0.324		0.74629				0.746

				727		0.491		0.37953				0.380

				728		0.113		0.87667				0.877

				729		0.965		-1.73781				-1.738

				730		0.526		0.29649				0.296

				731		0.163		0.68559				0.686

				732		0.197		0.57202				0.572

				733		0.215		0.51329				0.513

				734		0.134		0.79242				0.792

				735		0.184		0.61438				0.614

				736		0.945		-1.46071				-1.461

				737		0.594		0.12194				0.122

				738		0.273		0.84996				0.850

				739		0.337		0.72115				0.721

				740		0.246		0.90416				0.904

				741		0.253		0.89059				0.891

				742		0.464		0.44361				0.444

				743		0.513		0.32772				0.328

				744		0.842		-0.74438				-0.744

				745		0.284		0.82944				0.829

				746		0.931		-1.31810				-1.318

				747		0.364		0.66424				0.664

				748		0.764		-0.41085				-0.411

				749		0.285		0.82575				0.826

				750		0.779		-0.46823				-0.468

				751		0.300		0.79525				0.795

				752		0.517		0.31673				0.317

				753		0.026		1.37199				1.372

				754		0.024		1.39473				1.395

				755		0.307		0.78224				0.782

				756		0.431		0.51695				0.517

				757		0.652		-0.04153				-0.042

				758		0.775		-0.45392				-0.454

				759		0.970		-1.83400				-1.834

				760		0.667		-0.08758				-0.088

				761		0.916		-1.19198				-1.192

				762		0.960		-1.65364				-1.654

				763		0.101		0.92927				0.929

				764		0.953		-1.56561				-1.566

				765		0.116		0.86403				0.864

				766		0.731		-0.29078				-0.291

				767		0.175		0.64258				0.643

				768		0.342		0.71072				0.711

				769		0.019		1.44180				1.442

				770		0.241		0.91418				0.914

				771		0.791		-0.51535				-0.515

				772		0.583		0.15038				0.150

				773		0.442		0.49416				0.494

				774		0.188		0.60012				0.600

				775		0.088		0.99110				0.991

				776		0.863		-0.84900				-0.849

				777		0.521		0.30759				0.308

				778		0.200		0.56172				0.562

				779		0.413		0.55741				0.557

				780		0.474		0.41912				0.419

				781		0.437		0.50471				0.505

				782		0.544		0.25012				0.250

				783		0.478		0.41097				0.411

				784		0.914		-1.18060				-1.181

				785		0.346		0.70049				0.700

				786		0.519		0.31231				0.312

				787		0.635		0.00676				0.007

				788		0.063		1.12107				1.121

				789		0.119		0.85284				0.853

				790		0.899		-1.06963				-1.070

				791		0.362		0.66674				0.667

				792		0.026		1.37632				1.376

				793		0.202		0.55552				0.556

				794		0.302		0.79221				0.792

				795		0.775		-0.45056				-0.451

				796		0.859		-0.82882				-0.829

				797		0.477		0.41386				0.414

				798		0.462		0.44800				0.448

				799		0.523		0.30281				0.303

				800		0.050		1.19671				1.197

				801		0.864		-0.85391				-0.854

				802		0.600		0.10406				0.104

				803		0.169		0.66588				0.666

				804		0.521		0.30702				0.307

				805		0.801		-0.55786				-0.558

				806		0.101		0.92820				0.928

				807		0.291		0.81479				0.815

				808		0.357		0.67743				0.677

				809		0.714		-0.23405				-0.234

				810		0.084		1.00783				1.008

				811		0.667		-0.08792				-0.088

				812		0.959		-1.64437				-1.644

				813		0.883		-0.96400				-0.964

				814		0.451		0.47256				0.473

				815		0.355		0.68144				0.681

				816		0.045		1.22993				1.230

				817		0.722		-0.26282				-0.263

				818		0.193		0.58274				0.583

				819		0.173		0.65108				0.651

				820		0.577		0.16578				0.166

				821		0.633		0.01323				0.013

				822		0.321		0.75375				0.754

				823		0.021		1.41789				1.418

				824		0.453		0.46743				0.467

				825		0.512		0.33037				0.330

				826		0.866		-0.86733				-0.867

				827		0.696		-0.17698				-0.177

				828		0.967		-1.78434				-1.784

				829		1.000		-6.69730				-6.697

				830		0.521		0.30795				0.308

				831		0.791		-0.51458				-0.515

				832		0.490		0.38188				0.382

				833		0.489		0.38362				0.384

				834		0.792		-0.52048				-0.520

				835		0.588		0.13572				0.136

				836		0.298		0.79931				0.799

				837		0.128		0.81489				0.815

				838		0.348		0.69702				0.697

				839		0.308		0.77995				0.780

				840		0.814		-0.61348				-0.613

				841		0.261		0.87499				0.875

				842		0.570		0.18488				0.185

				843		0.565		0.19687				0.197

				844		0.385		0.61963				0.620

				845		0.265		0.86771				0.868

				846		0.577		0.16544				0.165

				847		0.694		-0.17165				-0.172

				848		0.450		0.47420				0.474

				849		0.372		0.64582				0.646

				850		0.114		0.87424				0.874

				851		0.089		0.98460				0.985

				852		0.794		-0.52894				-0.529

				853		0.264		0.86948				0.869

				854		0.902		-1.08634				-1.086

				855		0.869		-0.88167				-0.882

				856		0.452		0.46948				0.469

				857		0.699		-0.18633				-0.186

				858		0.221		0.49529				0.495

				859		0.390		0.60856				0.609

				860		0.466		0.43872				0.439

				861		0.003		1.67789				1.678

				862		0.901		-1.08012				-1.080

				863		0.984		-2.21839				-2.218
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				979		0.908		-1.13143				-1.131

				980		0.679		-0.12317				-0.123

				981		0.644		-0.01771				-0.018
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				998		0.566		0.19572				0.196
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