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CBA COMPONENT I – RETROFITTING BUILDINGS
Glossary
	Bls 
	Barrels 

	BOE 
	Barrels of Oil Equivalent 

	BoJ 
	Bank of Jamaica 

	DSM 
	Demand Side Management 

	EC 
	Energy Conservation 

	EE 
	Energy Efficiency 

	EIRR
	Economic Internal Rate of Returt

	ENPV
	Economic Net Present Value

	ESET 
	Electricity Sector Enterprise Team 

	EWP 
	East West Power 

	GCT 
	General Consumption Tax 

	GER 
	Government Electricity Regulator 

	GNI 
	Gross National Income 

	GoJ 
	Government of Jamaica 

	HF 
	Heavy Fuel 

	ICT 
	Information and Communication Technologies 

	IPP 
	Independent power producers 

	IRP 
	Integrated Resource Plan 

	JAMALCO 
	Jamaica Aluminum Company 

	JEC 
	Jamaica Energy Council 

	JEP 
	Jamaica Energy Partners 

	JPPC 
	Jamaica Private Power Company 

	JPS 
	Jamaica Public Service Company 

	LCE 
	Low Carbon Economy 

	LNG 
	Liquefied Natural Gas 

	MSET 
	Ministry of Science, Energy and Technology 

	NECEP 
	National Energy Conservation and Efficiency Policy 

	NEP 
	National Energy Policy 

	NGCC 
	Natural Gas Combined Cycle 

	OUR 
	Office of Utilities Regulation 

	PCJ 
	Petroleum Corporation of Jamaica 

	Petrojam 
	Petroleum of Jamaica - PDVSA/PCJ owned company 

	PIoJ 
	Planning Institute of Jamaica 

	PM 
	Project Manager 

	PPA 
	Power Purchase Agreement 

	PS 
	Project Sponsor 

	PSA 
	Production Sharing Agreement 

	PV 
	Photovoltaic 

	QoS 
	Quality of Service 

	RE 
	Renewable Energies 

	REP 
	Rural Electrification Program 

	RFP 
	Request for Proposal 

	SAIDI 
	System Average Interruption Duration Index 

	SAIFI 
	System Average Interruption Frequency Index 

	T&D 
	Transmission and Distribution 

	TFP 
	Total Factor Productivity 

	URA 
	Office of Utilities Regulation Act of 1995 

	US$ 
	United States Dollars 

	VAT 
	Value Added Tax 

	VRE 
	variable renewable energy 

	WACC 
	weighted average cost of capital 

	WKPP 
	West Kingston Power Partners 

	WTI 
	West Texas Intermediate 


I.
EXECUTIVE SUMMARY

Energy efficiency implementation includes improvements to building envelope, lighting systems, mechanical systems, plumbing systems, controls, miscellaneous equipment, and renewable energy system implementation if applicable. In most cases, the facility includes more than one building; however they are operated as a single facility and should be considered as such. The facilities included in this scope of work include:

· Kingston Public Hospital and Victoria Jubilee Hospital 

· Cornwall Western Regional Hospital 

· Mandeville Public Hospital 

· Marcus Garvey High School 

· Heart Trust Ebony Park Academy 

· Falmouth Hospital 

In addition to this, we have been provided with investment figures for lighting retrofit in 45 buildings that constitutes a second project.

This report includes the cost benefit analysis for building and lighting projects.

DNV-GL has executed an assessment over six different buildings in Jamaica and has used the information for another 38 buildings for lighting retrofit, in order to assess its conditions and potential improvement measures that could lead to savings during the following years.

After the technical inspections, DNV-GL has run a series of financial tests considering the potential loan interest rates and the investments that were needed to be carried out.

As a result, excellent financial results which have been Economic Internar Rate of Return (EIRR) values between 14% and 23% for the buildings project and 53% and 83% in the lighting project, and extremely positive Economic Net Present Value (ENPV), both depicted in section 4.1 have been obtained considering that, the implementation of the energy efficiency measures shall be accepted on economic merit.
II.
INTRODUCTION AND BACKGROUND
Jamaica has been one of the most active countries in the Caribbean from an energy policy perspective. Some of the main issues addressed include renewable energy penetration, energy efficiency and conservation, and system losses. Despite these efforts, dependence on energy imports and electricity costs for the consumer remains high; volatile oil markets create uncertainty in prices and deliveries; and adoption of renewable energy to reduce emissions requires planning for these unique resources. 1 Planning for these efforts requires an integrated resource plan to:

· Communicate strategy and implementation thereof 

· Coordinate infrastructure requirements 

· Notify all interested parties of changes to allow said parties to adapt to the changes 

· Determine the scope of potential impacts 

The National Energy Conservation and Efficiency Policy 2010-2030 (NECEP) provides the overarching framework for energy efficiency (EE) in Jamaica with a national level target for a reduction in energy intensity and consumption across all sectors of the economy from 21,152 BTU in 2009 to produce US$1 of output to 6,000 BTU/US$1 of output by 2030.

Table 2.1. Goals of Jamaica National Plan.
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Source: Jamaica Energy Policy 2009-2030.
Of particular highlight in NECEP for this Program are Goal 1 and Goal 6.
An IDB-funded study of 6 walk through and investment grade audits investigated the potential of deep retrofits in government facilities. The findings revealed that it is possible to achieve a reduction in electricity consumption of up to 30% within selected public sector (named as Health, Education and Public Agencies – HEPA) facilities, producing saving the GOJ electricity bills and therefore in imported oil barrels for those public facilities. 

Previous to EMEP - The Energy Efficiency and Conservation Technical Assistance (EECTA) report which was completed in 2011 and reviewed 2009-2010, was based on 22 Walk through audits and 14 detailed audits. The EECTA indicated that an investment of approximately US$113 million had the potential of saving 101GWh/year, or 25% of the electricity consumption of the Jamaican public sector at the time (estimated at 411kWh/year).
Based on discussions with MSET, for a projected spend of US$20 million, it was determined that a 4-5% reduction in electricity consumption in public sector facilities could be realized. 

In this project, between the six buildings and the lighting retrofit, the total investment costs are over US$10 million.

DNV-GL provided technical research related to energy efficiency and renewable energy retrofitting of government buildings. The facilities included in the analysis were the following:

· Kingston Public Hospital and Victoria Jubilee Hospital 

· Cornwall Western Regional Hospital 

· Mandeville Public Hospital 

· Marcus Garvey High School 

· Heart Trust Ebony Park Academy 

· Falmouth Hospital 

In addition to this, we have been provided with investment figures for lighting retrofit in 45 buildings that constitutes a second project.
Besides, DNV-GL is assisting in the preparation of necessary documents for an IDB’s loan preparation. The economic analysis documented herein supports that activity.
The analysis includes a detailed description of assumptions and methodology, economic benefits and costs, economic return and a sensitivity analysis of key variables.
III. ECONOMIC ASSESSMENT
3.1
Main assumptions and methodology

The following are the assumptions and methodology for the economic evaluation of the recommended energy efficiency (EE) measures:

· The economic analysis is based on the energy technical assessment performed to 6 public buildings, mainly related to schools and hospitals, in Jamaica to improve their energy characteristics. Energy efficiency implementation includes improvements to building envelope, lighting systems, mechanical systems, plumbing systems, controls, miscellaneous equipment, and renewable energy system, if applicable. In most cases, the facility includes more than one building; however they are operated as a single facility and should be considered as such.

· The economic analysis follows a Cost Benefit Analysis (CBA):

· Economic Benefits consist of electricity savings (direct effect); 

· Economic Costs consist mainly on the investment cost of the different recommended measures (O&M are lower than BAU therefore with very little impact on the figures); 

· Other externalities such as reduction of CO2 emissions have been considered with an assessment purpose, but have not been considered as a benefit for the base case scenario for the project as there is no CO2 market where to sell the emissions. However a scenario including a monetary valuation of CO2 emissions reduction was also run.
· For each public building under investigation DNV-GL has recommended a number of energy efficiency investment measures. The economic life of each measure varies from 5 to 20 years. The stream of economic benefits takes into account the economic life of the different measures.

· The analysis is performed using a 20-year reference period to be able to capture the overall economic life of the project assets.

· The reductions of CO2 emissions were determined based on an emission factor (ton CO2 per kWh): 0.000637 (source: IEA).

· The economic discount rate used was the standard 12% typically used by the IDB.
· Electricity prices are based on an average of historical costs (US$/kWh) per building without considering inflation.

· Jamaica has high energy rates and a large dependence upon oil. Therefore, the escalation rates were set based on the WTI real crude forecast from the Long Term Energy Outlook published by the US Department of Energy, Energy Information Agency (DNV-GL 2016). For the annual escalation rate we have used a rate of 0.29% for the first 5 years and 2.18% for the remaining years (based on WTI crude forecast growth rate).

· In the lighting project, several kinds of facilities have been considered, from transportation centres to ministries. 

This assessment is not using efficient (shadow) pricing but market prices. This is because there are no recent estimates of shadow prices that could be used. Shadow prices were not addressed in the CBA analysis because of (i) limited recent data for key variable that are required for a shadow price assessment and, (ii) an ex-ante assessment suggests that applying shadow prices would increase the project's ENPV and EIRR. Shadow prices could be applied to the Jamaica dollar exchange rate (with the US dollar), to the price of imported fuels and materials, and to the cost of labor (both skilled and unskilled. An analysis of Jamaica shadow prices that was performed in 1987 estimated national economic parameters
 
3.2
Base Case
The energy savings are based on the energy technical assessments performed by DNV-GL Energy Engineers of the 6 public buildings in Jamaica. The goal of the work was to provide a path to widespread energy savings across municipal and federal buildings throughout Jamaica. The expected results of the energy project are:
· Reduced electricity consumption within government facilities; 

· Decreased oil imports through improved EE; 

· Reduced GHG emissions which can contribute to Jamaica’s INDC commitment; 

· An increase capacity to promote and supervise electricity planning in Jamaica. 

Having defined the objective of the intervention, the next step is to present in detail the proposed project to be implemented. Information and data about the project’s engineering features, technical characteristics and expected effects were provided in separate reports for each building in Jamaica. For further details please refer to the Assessment Reports submitted to the Ministry of Science, Energy and Technology (MSET).

The following table provides a summary of the recommended EE measures for each of the 6 buildings in Jamaica.
Table 3.1. Summary of the recommended measures per building.
	Measures/Building


	
	Kingston Public & Victoria Jubilee Hospital
	Cornwall Hospital
	Heart Trust Ebony Park Academy
	Falmouth Hospital
	Mandeville Hospital
	Marcus Garvey School

	Window Replacements with Insulated Glazing
	X
	X
	
	
	
	X

	Automatic Door Closers
	X
	X
	X
	X
	X
	X

	Air Seals on Doors
	X
	X
	X
	X
	X
	X

	Cool Roof Installation
	
	
	
	X
	
	

	Variable Refrigerant Flow (VRF) Systems
	X
	
	
	
	
	

	Proper Spacing between Split Units
	X
	X
	
	
	X
	

	Replace split systems with high efficiency, inverter-driven units
	X
	
	X
	
	X
	X

	VFD Installation on Kitchen Fans
	X
	
	
	
	X
	

	VFD Installation on Chiller Pumps
	X
	
	
	
	X
	

	Fluorescent to LED Fixture Retrofit
	X
	X
	X
	X
	X
	X

	Occupancy Sensor for Interior Lights
	X
	X
	X
	X
	X
	X

	Compressed Air Leakage
	X
	X
	
	
	X
	

	Centralized Chiller Controls
	X
	X
	
	
	X
	

	Solar PV
	X
	X
	X
	X
	X
	X

	VFD on supply and return fans
	
	X
	
	X
	
	

	VFD on Exhaust Fans
	
	X
	
	
	
	

	VFD on constant volume pumps
	
	X
	
	
	
	

	BAS upgrades
	
	X
	
	X
	X
	

	Installment of Solar Tubes
	
	
	X
	X
	
	X

	Exterior Light Retrofit to LED
	
	
	X
	
	X
	

	Replace Broken Windows
	
	
	
	X
	
	

	Proper Spacing Behind Condenser Units
	
	
	
	X
	
	X


In the lighting project, there has been a consideration of the investment amounts to be done at each facility and the potential savings in terms of kWh, that have been translated to US$, by using the same approach as in the previous project.
IV.
INVESTMENT ASSESSMENTS
4.1
Economic benefits

4.1.1
Energy savings

Projects involving a refurbishment of public buildings or works to improve building envelope, lighting systems, mechanical systems, controls, miscellaneous equipment, and renewable energy system are associated with an increase of energy efficiency, which is reflected in a reduction of energy consumption costs. The benefit is valued via the decrease of energy costs incurred when attaining the same final useful effect as in the without-the-project scenario. The saved costs compared to the counterfactual (BAU) scenario represent the project’s benefit.

Table 4.1 Energy savings in each building.

	Buildings
	Annual Energy Savings (kWh)
	Annual Energy Savings

(kWh)/year 3

	Kingston Public and Victoria Jubilee Hospital 
	3,401,935
	860,923

	Cornwall Hospital 
	1,964,284
	497,099

	HEART Trust Ebony Park Academy 
	742,008
	187,779

	Falmouth Hospital 
	259,292
	65,618

	Mandeville Hospital 
	448,348
	11,3462

	Marcus Garvey School 
	103,160
	26,106


These figures are referenced to the audits executed in the buildings. References included in section VI.

The annual energy savings above were valued considering the average utility electricity rate (of previous 3 to 5 years depending on data availability) expressed in US$/kWh. To account for the potential rate fluctuation in the future the rates were escalated based on projections of oil price growth rates (given that the price of crude oil is one of the major drivers of electricity prices). 

In the Lighting project, the target facilities and savings are the following:

Table 4.2 Energy savings in each building in the lighting project.
	Facilities
	Estimated pre retrofit consumption

(kWh)
	Estimated post retrofit consumption

(kWh)
	Estimated savings per year
(kWh)
	Estimated savings per year
(US$)

	Half-Way-Tree Transportation Centre 
	261,921.60 
	143,640.00 
	118,281.60 
	53,605.70 

	Ministry of Industry and Works/Bureau of Standards 
	315,482.11 
	145,525.25 
	169,956.86 
	77,025.14 

	Ministry of Labour and Social Security 
	82,295.14 
	47,931.84 
	34,363.30 
	15,573.58 

	Ministry of Education – Head Office 
	209,750.11 
	121,042.94 
	88,707.17 
	40,202.45 

	Office of the Prime Minister – Jamaica House 
	102,108.60 
	58,395.74 
	43,712.86 
	19,810.84 

	St. Andrew High School 
	179,510.76 
	82,814.69 
	96,696.07 
	43,823.05 

	Moneague Teachers College 
	150,287.81 
	37,154.30 
	113,133.50 
	51,272.56 

	Constant Spring Police Station 
	126,336.24 
	47,796.48 
	78,539.76 
	35,594.54 

	Central Sorting Office 
	137,266.27 
	51,964.70 
	85,301.57 
	38,659.02 

	Ministry of Youth Culture (VTDI) 
	112,270.75 
	43,027.78 
	69,242.98 
	31,381.20 

	
	
	
	
	

	Heart Trust – Runaway Bay 
	131,623.54 
	49,015.30 
	82,608.24 
	37,438.39 

	Montego Bay Community College 
	211,780.80 
	79,504.13 
	132,276.67 
	59,948.32 

	Elect. Advisory Comm., Elect. Office of Jamaica 
	113,778.72 
	54,261.50 
	59,517.22 
	26,973.44 

	Jamaica Information Service 
	121,920.48 
	49,769.28 
	72,151.20 
	32,699.22 

	JDF New Castle 
	207,621.00 
	52,410.24 
	155,210.76 
	70,342.14 

	KSAC Church Street 
	46,772.35 
	23,367.17 
	23,405.18 
	10,607.32 

	Jamaica College – Hope Road 
	96,253.34 
	38,519.71 
	57,733.63 
	26,165.12 

	Sir John Golding Rehabilitation Centre 
	96,192.00 
	35,717.76 
	60,474.24 
	27,407.17 

	Nurse’s and Doctor’s Quarters 
	81,311.04 
	27,609.12 
	53,701.92 
	24,337.93 

	JCF - Mobile Reserve Facility 
	225,979.20 
	78,278.40 
	147,700.80 
	66,938.60 

	Blood Bank; National Public Health Laboratory 
	166,881.60 
	69,258.24 
	97,623.36 
	44,243.30 

	TAJ - May Pen Revenue Services Centre 
	93,028.32 
	41,196.67 
	51,831.65 
	23,490.31 

	St. James Resident Magistrate's Court 
	25,757.16 
	11,084.83 
	14,672.33 
	6,649.56 

	Hanover Resident Magistrate's Court 
	31,111.08 
	14,024.74 
	17,086.34 
	7,743.60 

	Court of Appeal 
	59,051.52 
	26,253.22 
	32,798.30 
	14,864.32 

	Corporate Area Criminal Court 
	85,250.88 
	38,469.02 
	46,781.86 
	21,201.73 

	Manchester Resident Magistrate's Court 
	12,685.20 
	5,214.53 
	7,470.67 
	3,385.74 

	Corporate Area Civil Court 
	105,739.92 
	37,692.86 
	68,047.06 
	30,839.20 

	The Supreme Court of Jamaica 
	106,065.96 
	46,319.33 
	59,746.63 
	27,077.42 

	St. Catherine Resident Magistrate's Court 
	34,768.80 
	16,720.70 
	18,048.10 
	8,179.47 

	Bellevue Hospital 
	399,556.80 
	149,731.20 
	249,825.60 
	113,221.97 

	National Chest Hospital 
	125,193.60 
	45,722.88 
	79,470.72 
	36,016.45 

	Stadium National Indoor Sports Centre 
	53,716.61 
	16,169.47 
	37,547.14 
	17,016.51 

	Stadium National Arena 
	66,718.08 
	24,330.24 
	42,387.84 
	19,210.34 

	Stadium National Stadium 
	342,315.07 
	110,911.68 
	231,403.39 
	104,872.95 

	Stadium Stadium East 
	67,605.12 
	18,754.56 
	48,850.56 
	22,139.27 

	Stadium Aquatic Centre 
	16,334.21 
	6,462.72 
	9,871.49 
	4,473.80 

	Stadium Outdoor Netball Court 
	37,224.00 
	8,933.76 
	28,290.24 
	12,821.25 

	Stadium Outdoor Basketball Court 
	8,712.00 
	2,090.88 
	6,621.12 
	3,000.72 

	Stadium Almond Walk 
	3,868.13 
	2,803.68 
	1,064.45 
	482.41 

	CF TCND, 230 Spanish Town Rd 
	529,545.60 
	232,588.80 
	296,956.80 
	134,582.02 

	CF Transport Management Maintenance Division, Swallowfield 
	203,567.04 
	84,792.96 
	118,774.08 
	53,828.89 

	CF Norman Manley Police Station 
	110,053.44 
	46,483.20 
	63,570.24 
	28,810.29 

	CF May Pen 
	107,136.00 
	42,508.80 
	64,627.20 
	29,289.31 

	SERHA Bustamante 
	88,413.60 
	36,284.16 
	52,129.44 
	23,625.27 

	TOTAL 
	5,890,761 
	2,402,549 
	3,488,212 
	1,580,871 


4.1.2
CO2 emissions reductions
As with any other energy project, the projects aimed at improving consumption EE are also characterized by environmental externalities, such as reduction of CO2 emissions.

The annual CO2 emissions reduction were determined based on the estimated annual energy savings (expressed in kWh) and converted into ton CO2 (using an emission factor of 0.000637 from IEA 2015). As shown in table below it is expected that the implementation of the EE measures will reduce CO2 in 9,214 Ton per year.

Table 4.3 CO2 savings in each building.
	Buildings
	Annual CO2 emissions

(ton CO2)

	Kingston Public and Victoria Jubilee Hospital 
	2,167 

	Cornwall Hospital 
	1,251 

	HEART Trust Ebony Park Academy 
	473 

	Falmouth Hospital 
	165 

	Mandeville Hospital 
	286 

	Marcus Garvey School 
	66 

	TOTAL
	4,407 


For the lighting project, the CO2 emissions reduction is approximately 2,220 CO2 tons per year.
Please note that a monetary valuation of CO2 emission reductions results were not quantified for the base case scenario and used in the EIRR and ENPV calculation. 
4.1.3
Other savings/benefits

It is worth mentioning that job retention/creation can be seen as an indirect benefit of the recommended EE measures. However, such co-benefit is beyond the scope of this analysis.

4.2
Economic cost

The economic costs include all investments or non-recurring costs as well as all operation and maintenance costs needed to implement the EE measures during the life of the project.

The investment cost of each measure was estimated including fixed and variable costs i.e. based on quantities and respective cost per unit and labor per unit (expressed in US$), as applicable. It is assumed that all EE measures are implemented as a single construction project and, therefore, they occur in the beginning of Year 1. No additional annual flows of investment and/or non-recurring costs are foreseen for the life of the project.

Table below shows a summary of the total investment cost estimated per building. These costs include only the incremental costs resulting from the implementation of the EE measures.

Table 4.4 Total investment costs.
	Buildings
	Total measures Cost

(US$)

	Kingston Public and Victoria Jubilee Hospital 
	4,800,000 

	Cornwall Hospital 
	1,988,338 

	HEART Trust Ebony Park Academy 
	624,994 

	Falmouth Hospital 
	206,996 

	Mandeville Hospital 
	696,891 

	Marcus Garvey School 
	198,323 

	TOTAL
	8,515,542 


As regards the operation and maintenance costs they are lower than the BAU scenario therefore negligible.

In the lighting project, the total costs of the retrofits are US$2,354,853 /8/.
4.3
Economic feasibility
Once costs and benefits have been identified and valued, the economic feasibility of the project (s) shall be discussed. There are three main criteria:

· Economic Net Present Value (ENPV) compares all costs with benefits, with all resource flows discounted by the agreed discount rate. 

· The Benefit-Cost Ratio (BCR) is the ratio of the sum of benefits (in present value) to the sum of costs (in present value). Typically if this ratio is more than one, using this criterion the project would be approved. 

· The Economic Internal Rate of Return (EIRR) is defined as the discount rate that causes the ENPV to be zero. Typically if the EIRR is larger than the recommended 12% discount rate the project would be approved.

For the project that deals with the EE retrofitting in six buildings, the economic indicators of the base case scenario are an ENPV of $3,014,513 and an EIRR of 19%.

Note that the base case scenario does not include a monetary valuation of the CO2 emissions reduction (4,407 tons/year). If it were included assuming US$37/ton as benefit – the assumption used in the fuel efficiency component, the EIRR would increase to 20.8% and the ENPV would increase to US$3,899,855.

For the project that deals with the lightning retrofitting, the economic indicators of the base case scenario are an ENPV of $5,005,159 and an EIRR of 67%
.

Note that the base case scenario does not include a monetary valuation of the CO2 emissions reduction (2,220 tons/year). If it were included assuming $37/ton as benefit – the assumption used in the fuel efficiency component, the EIRR would increase to 70.4% and the ENPV would increase to US$5,350,278.

Figures below show the EIRR, ENPV and BCR calculation showing the benefit and costs streams used and the economic return estimations for the implementation of the EE measures in the 6 public buildings under investigation and the lighting project.

Figure 4.1 Six buildings investment and return graph.
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For the lighting project, considering the base case, the investment and returns graph is as follows:
Figure 4.2 - Building lighting retrofit investment and return graph.
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4.4
Sensitive analysis

This section contains a discussion of the feasibility analysis of the project. A sensitivity analysis was done for two changes: (i) increase/decrease 20% of the investment costs
 and (ii) increase/decrease 20% of the electricity price
. EIRR and ENPV needs to be recalculated for changes in key variables that could affect project costs, benefits and assumptions. There have been considered scenarios of an increase or decrease of the capital costs of ± 20%, and the impacts of these have been evaluated with regards of the ENPV
 and IRR.

Considering the investments to be performed in the assets, the ENPV remains positive in all the scenarios considered.
For the EE retrofitting, the sensitivity analysis shows the following:

Table 4.5 Base case results and sensitivity analysis of 6 buildings.
	
	ENPV Sensitivity
	EIRR Sensitivity

	
	Discount rate

US$
	Electricity price

US$
	Investment costs

US$
	Electricity price
	Investment costs

	Minimum

(-20%)
	4,650,337
	1,000,899
	4,425,225
	14%
	24%

	Base value
	3,014,513
	3,014,513
	3,014,513
	19%
	19%

	Maximum

(+20%)
	1,739,862
	5,028,128
	1,603,801
	23%
	15%


Figure 4.3 NPV Sensitivity analysis for 6 buildings.
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Figure 4.4 Sensitivity analysis of EIRR 6 buildings
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Regarding the lighting project, the result of the sensitivity analysis are the following:
Table 4.6 Results of the sensitivity analysis lighting buildings.
	
	ENPV Sensitivity
	EIRR Sensitivity

	
	Discount rate

US$
	Electricity price

US$
	Investment costs

US$
	Electricity price
	Investment costs

	Minimum
	6,156,206
	3,668,900
	5,340,387
	53%
	84%

	Base value
	5,005,159
	5,005,159
	5,005,159
	67%
	67%

	Maximum
	4,090,288
	6,341,419
	4,669,932
	80%
	56%


Figure 4.5 Sensitivity analysis of EIRR for Lighting project
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IRR rate is remaining positive in all the scenarios, and above the stated 12%, demonstrating robustness of the economic viability of the project. 
V.
CONCLUSIONS

With respect to the buildings component, two economic evaluations were made. The first one comprise the energy technical assessment performed to a defined group of 6 public buildings (schools, hospitals) for improving their energy characteristics as a representation of the projects that will be finance. The benefits consisted of electricity savings (direct effect) and reduction of CO2 emissions (externality). The costs consist mainly on the investment cost of the different recommended measures (O&M costs are lower than business as usual therefore irrelevant). The more relevant assumptions of the analysis are: (i) the economic life of each measure vary from 5 to 20 years; the electricity prices are based on an average of historical costs ($USD/kWh) per building without considering inflation; annual escalation rate: 0.29% for the first 5 years; 2.18% for the remaining years (based on WTI crude forecast growth rate).

The results for the base case show an EIRR of 19% and the ENPV is US$3,014,513. A sensitivity analysis was performed to test the impact of significant changes to investment costs and the electricity price. The project showed to be economically robust.

The project is also characterized by environmental externalities such as reduction of CO2 emissions. It is expected that the implementation of the EE measures will reduce CO2 emissions in 9,214 Ton per year. If it were included assuming US$37/ton as benefit – the assumption used in the fuel efficiency component II of the loan, the EIRR would increase to 20.8% and the ENPV would increase to US$3,899,855.

The second economic evaluation was for the investment for lighting retrofit. The results for the base case show an EIRR of 67% and the ENPV is US$5,005,159. A sensitivity analysis was also performed to test the impact of significant changes to investment costs and the electricity price and the project showed to be economically robust.
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Abbreviations

CAPEX

Capital Expenditure 

CBA

Cost Benefit Analysis

CBR

Cost Benefit Ratio

CEA

Cost Effectiveness Analysis

CO

Carbon monoxide

CO2

Carbon dioxide

CVD

Clean Vehicles Directive 

DK

Denmark

DOT

Department of Transportation

EFA

European Free Alliance

EREV

Electric Vehicles with a Range Extender

ERR

External Rate of Return

EV

Electric Vehicle

EXW

ExWorks


FEV

Full Electric Vehicle

FR

France

g

gram

gal

Gallon

GIZ

Deutsche Gesellschaft für Internationale Zusammenarbeit (GIZ) GmbH

GKA

Greater Kingston Area

GTZ

Deutsche Gesellschaft für Technische Zusammenarbeit (GTZ) GmbH

ICE

Internal Combustion Engine

IDB

Inter-American Development Bank

IT

Italy

ITS

Intelligent Transportation Systems

JMD

Jamaican Dollar

kg

Kilogram

lb

Pound

LCV

Light Commercial Vehicle

MCV

Medium Commercial Vehicle

NPV

Net Present Value

NL

The Netherlands 

NOx

Nitric Oxide and Nitrogen Dioxide

NWA

National Works Agency

OLC

Operational Lifetime Cost

OPEX

Operational Expenditure

PC-S

Small Passenger Car

PC-M

Medium Passenger Car

PC-L

Large Passenger Car

PHEV

Plug-in Hybrid Electric Vehicles

PL

Poland

PM10

Particulate Matter 10 micrometers or less in diameter

PM2.5

Particulate Matter 2.5 micrometers or less in diameter

PrT

Private Transport

PuT

Public Transport

SOP

Standard Operational Procedures

SUTP

Sustainable Urban Transport Project

SUV

Sport Utility Vehicle

SWE

Sweden

THC

Totally Hydrocarbons

UK

United Kingdom

US$

United States Dollar

US$ M

Million United States Dollar

UTMS

Urban Traffic Management System

VOC

Volatile Organic Compounds

I. INTRODUCTION
The objective of the present project component is the improvement of energy efficiency in urban mobility in the Greater Kingston Area. The goals will be achieved through the implementation and operation of Intelligent Transportation Systems (ITS) that will coordinate traffic flows over several corridors.

If the project is financed, the economic, social and environmental negative impact of private and public urban transport will decrease, benefiting the population of Kingston, Spanish Town, Portmore, as well as visitors from other parts of the country and abroad through improved travel times, less fuel consumption, and thereby less air pollution and CO2 emissions. In addition, the energy imports of Jamaica will reduce.

If the project is not financed a classic “do nothing scenario” will be created, meaning that the traffic congestion will further grow, as will costs of mobility and its environmental and social impact, leading to poorer life quality in the Kingston area.

The project will build on the existing traffic management infrastructure, institutions and personnel. The 3 main and most critical component are:

· Communication & centralization: The integration of currently deployed technologies through a communications network into one centralized urban traffic management and control systems (UTMS) with one centralized ITS management platform.

· Sensors & CCTV: Deployment of traffic sensors and cameras to allow permanent monitoring as well as continuous generation of traffic data for strategic and tactical traffic planning.

· Institutional strengthening: Training and coaching of personnel for planning and operation, development of operational procedures and provision of tools for maximum usage of all the technologies.

All three components are key for the achievement of project goals and also co-depend on each other.

For example:

· Without communications there is no central control and coordination of the traffic lights. Without coordination, the project goals will not be achieved.

· Without sensors there is no effective way of monitoring the traffic to take decisions in real time. Without traffic data there is no effective way to do traffic planning and the project goals will not be achieved.

· Without trained personnel there will be no effective use of existing and deployed technologies. Without methods and tools, planning processes will take long, will be inaccurate, and the project goals will not be achieved.

There are 2 reasons why this project the best alternative to meet the stated objective:

· Real time traffic coordination through the development of the typical 5-step traffic management system

· The highest impact per investment

The typical development of traffic management is as follows:

· Step 1: Fix time (local control)

· Step 2: Fix time with coordination (central control)

· Step 3: Coordination with traffic actuation and optional public transit priority (central control)

· Step 4: Traffic adaptive (central control)

· Step 5: Traffic predictive (central control & predictive model)

Kingston is currently at step 1 having only few centralized intersections. Not understanding that the technological and institutional elements are linked, taking too many steps at one time for one task, and not assuring synchronization between technology and institutions, often leads to discrepancies and future abandonment of the systems. (Figure 1)
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Figure 1 - Outcome of technology projects in ITS 

As of the benefits, the biggest benefits are always achieved between step 1 and step 2 of traffic management systems development, as traffic starts to move smoothly across many intersections. Later steps require much higher effort in investment as well as operation and planning and do not achieve the same ratio of benefit versus cost.

To minimize the risk of not obtaining and maintaining the project benefits due to discrepancies in technological and institutional developments as well as in search of an optimum benefit – cost ratio one step at the time will be taken, implementing a centralized and coordinated traffic control scheme.

All technology projects have technological and institutional risks. The technological risks are being addressed by:

· Design: Good and open technical specifications in the tender document, that assure key turn system implementation. 

· Update: Update of the tender document shortly before tendering, taking into account that between the initial tender design and the actual tender process, there might be changes in the currently deployed systems, technology development and other starting conditions. 

· Support: Qualified supervision of the contractors during installation, training and coaching.

There are also institutional risks which are mostly related with lack of training of the personnel of the future operation of the system. This is why these risks are being addressed by:

· Competences: Inclusion of training and coaching in planning and operation.

· Tools: Provision of state of the art modelling tools that integrate with currently existing planning tools to allow easy and fast response to all planning needs constructing and existing methodological experience.

· One step approach: Taking one step of the technological and methodological development ladder in urban traffic management at the time, avoiding an overload of learning and working at the same time.

The concept of coordinated traffic light management is well proven for decades and in hundreds of cities. Implementations are far spread in many countries around the globe. Each implementation has specific objectives seeking benefits, such as increase in traffic handling capacity of roads, reduction of collisions and wait time for both vehicular and pedestrian traffic 
, encouragement of travel within the speed limit to meet green lights in a green wave, reduction of unnecessary stopping and starting of traffic - this in turn reduces fuel consumption, air pollution, noise and vehicle wear and tear (present project), improvement of overall journey time and reduction of  driver frustration and 'road rage'; just to name some.

The present report is being delivered as an input to the POD, DEM and Result Matrix.

II. ASSUMPTIONS AND METHODOLOGY
The alternatives for traffic management improvements are based on the above mentioned development steps, all starting with the current situation (Step 1 or do nothing), not taking into account a traffic predictive system at this time, as its successful deployment is still on the very high end of solutions for its extremely high cost and complexity.
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Figure 2 - Traffic management change alternatives

Looking at an estimate per intersection budget, only focusing on intersection controller, intersection communications and intersection sensing (Figure 3), it is clear that a CAPEX analysis divides the development steps in 3 groups:

· Group 1: Steps 1 & 2

· Group 2: Steps 3 & 4

· Group 3: Step 5
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Figure 3 - Per intersection telematics control hardware CAPEX
Doing a more detailed CAPEX analysis the difference between groups approximately doubles (Table 1), suggesting that Alternative 1 will have a much lower CAPEX than Alternatives 2 or 3.
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Table 1 - Per intersection telematics control hardware CAPEX

The improvements are based on the implementation of a so called “progressive green wave” that coordinates the existing traffic lights in a manner that will reduce involuntary stops as is illustrated through time – space diagrams in Figure 4 and Figure 5.
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Figure 4 - Uncoordinated traffic lights

Figure 4 shows that the lack of synchronization causes stops that either form congestion for following vehicles or make vehicles wait for the next green. This makes that the traffic flow is far below the theoretical capacity of the road.
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Figure 5 - Coordinated traffic lights

Figure 5 shows how a simple progressive coordination in one direction reduces the number of stops, allowing the vehicles to go longer ways more fluidly. This makes that the traffic flow can approach the theoretical capacity of the road.

To enable this kind of traffic coordination, traffic controller hardware upgrades, a robust communications network and central monitoring software are being implemented, together with institutional strengthening in the areas of traffic planning. Sensors and cameras for real time traffic monitoring and variable message signs for route decision complement the solution.
The currency used is United States Dollars. This is because the ITS component 1) is designed to be an international bid and 2) consists nearly completely of technology (Table 2), which is traded internationally in US Dollars.
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Table 2 - Current CAPEX division

Item prices for the project component CAPEX are based on international source values (manufacturer ExWorks outlet) and calculated like this:

· Technology components (hardware): Including acquisition, transport, nationalization, installation, connection and testing of the hardware in Jamaica. Most peripheral components items include the cost for minor materials and wirings.

· Technology components (software): Including acquisition and installation of the software in Jamaica.

· Fiber optic cable: Including acquisition, local transport and installation.

· Services: Fees for personnel/trainers, travel expenses and course materials.

· Minor provisions: Including acquisition, transport, nationalization and delivery of components.

Being all traffic lights low consumption LED technology, consuming between 5 and 8 Watts per light, for OPEX calculation an average power consumption of 0.5 kW per intersection was chosen. The cost of the kWh was taken from the Jamaica Public Service Limited Website at 40 JMD/kWh.

For fuel savings calculations, the current published (August 4th, 2016) price for Gasoline 87 (JMD 103.4128 per liter) from PETROJAM was used (Chapter X.1, page 24).

For GHG savings calculation a cost of USD 37.00 per metric ton of CO2 was chosen.

The exchange rate from Jamaican Dollar to US Dollar (August 4th, 2016) was taken from OANDA (124.936 JMD / USD) (Chapter X.3, page 26).

The present discount rate used is 12%.

As key aspect, the methodology is based on 3 logical blocks (Figure 6), taking only into account differences, meaning that everything that is maintained untouched by the project is not taken into the equation.

Things that will be maintained are organizational structure, costs for personnel, offices, and administration of NWA. The new lift truck will replace an existing one, so the monthly operational costs should be maintained or could even diminish, so not taking that into account will make all estimations more conservative.
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Figure 6 - Typical 3 block ITS project analysis 

Also two CAPEX are being calculated, one (CAPEX 1 or CAPEX new) only taking into account the budget of the IDB project, showing the benefits per US Dollar spent in the current project and another one (CAPEX 2 or CAPEX existing) taking into account the IDB project budget plus an estimate valuation of existing technological and civil infrastructure giving an overall impression of a wider cost benefit analysis, and putting CAPEX 1 into a more integrated perspective.

As a result, the economic analysis will be focused on the following components:

· CAPEX 1: Cost to put the project in place

· CAPEX 2: Cost to put the project in place plus an estimate value of the existing technological and civil infrastructure.

· OPEX: Power consumption of additional technological components.

· Benefits: Based on the sustainability triangle (Figure 7) the analysis includes savings in fuel consumption (economic impact), savings in pollutant emissions (environmental impact) and savings in travel time (social impact).
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Figure 7 - Sustainability Triangle

All costs (CAPEX, OPEX) were calculated in Excel; the benefits were calculated based on the results of dynamic traffic model of the Greater Kingston Area, using the Aimsun EXPERT Version 8 dynamic multilevel traffic simulation model.

For the analysis the differences between the following scenarios were calculated:

· Baseline scenario: Scenario without project or “do nothing”.
· Future scenario: Scenario with project.
To calculate 1) travel times and 2) fuel consumption that were also the basis for emissions (GHG) calculations, a hybrid (mesoscopic – microscopic) dynamic traffic model of the Greater Kingston Area was developed and both scenarios were run and compared.

For the model a series of corridors were chosen based on 1) their relevance and 2) on the availability of reliable and up to date (2015, 2016) traffic data. Corridors that complied with both conditions were simulated with high detail on a microscopic level, while the rest of the network was simulated with minor resolution on a mesoscopic level. Both microscopic and mesoscopic portion of the model were taking into account driver behavior and vehicle dynamics such as acceleration and deceleration.

The Fuel Consumption Model (See Fuel consumption model, Page 28) assumes that each vehicle is either idling, or cruising at constant speed or accelerating or decelerating. The state of each vehicle in the network is determined and the model then uses the appropriate formula to calculate the fuel consumed for this state. As standard vehicle for all model calculation a sedan vehicle was chosen, consuming 0.333 ml/s in idle, 4.7 l/100km at 90 km/h, 6.5 l/100km at 120 km/h and 50 km/h as speed where the fuel consumption rate, in ml/s, is at a minimum for the vehicle cruising at constant speed.
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Figure 8 - Logical development of traffic model

Being:

· Infrastructure: Road network, intersections, usage rules like speeds and traffic types

· Assignment: Current signal timing of the signalized intersections, turn relations.
· Demand: Traffic count data.
· Base line model: Model of current situation (Kingston without ITS Project).
· Optimization: Signal timing optimization, traffic light coordination,
· Future scenario: Modeling of the future scenario (Kingston with ITS Project)

· Impact analysis: Comparison of current and future scenario, fuel consumption, some environmental indicators.
For all model outputs, such as fuel consumption and travel time, the following expansion factors were used:

· Work day traffic equals 10 times peak hour traffic, making the expansion factor from peak hour to work day 10

· Work week equals 5 work days plus 2 weekend days, Weekend day traffic is calculated at 50% weekday traffic making the expansion factor from workday to week 6

· Every year has 52 weeks, making the expansion factor from week to year 52.
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Figure 9 - Expansion factor for model outputs

For emissions calculations the expansion factors were calculated based on Average Annual Emissions and Fuel Consumption for Gasoline-Fueled Passenger Cars and Light Trucks (Table 21), published by the United States Environmental Protection Agency, resulting in the following CO2 emissions for a standard passenger car per liter of fuel burned:

[image: image17.emf]Fuel consumption [galons/year] 497.93                         

CO2 emissions [pounds/year] 9,737.44                     

CO2 emissions [pounds/galon] 19.55584118

CO2 emissions [kg/l] 1.951251847


Table 3 - Emissions calculation conversion table

The analysis period is 10 years.

III. ECONOMIC BENEFITS
The prime objectives of the present project component are:

· Economic benefits: Reduction of fuel consumption

· Environmental benefits: Reduction of greenhouse gases

· Social benefits: Reduction of travel time

Fuel consumption in peak hour is a direct model output in liters per hour [l/h], which is then expanded to daily, weekly and yearly fuel consumption. Using the above established conversion factors the yearly fuel consumption is converted from liters to United States Dollars. The savings are the difference between the two scenarios (Table 4, Table 5).

[image: image18.emf]Without ITS project With ITS project Savings

Fuel consumption (peak hour) [l/h] 95,140.00                    61,769.00                    33,371.00                   

Fuel consumption (work day) [l/day] 951,400.00                 617,690.00                 333,710.00                

Fuel consumption (week) [l/week] 5,708,400.00              3,706,140.00              2,002,260.00             

Fuel consumption (year) [l/year] 296,836,800.00         192,719,280.00         104,117,520.00        


Table 4 - Fuel savings in liters

[image: image19.emf]Without ITS project With ITS project Savings

Fuel consumption (year) [JMD/year] 30,696,724,631.04     19,929,640,358.78     10,767,084,272.26    

Fuel consumption (year) [USD/year] 245,699,595.24           159,518,796.49           86,180,798.75             


Table 5 - Fuel savings in USD

GHG emissions were calculated based on the fuel consumption using the above established conversion factors and then converted from kg to United States Dollars per year. The savings are the difference between the two scenarios (Table 6, Table 7).

[image: image20.emf]Without ITS project With ITS project Savings

CO2 emissions [kg/year] 579,203,354.39         376,043,851.14         203,159,503.25        


Table 6 - GHG savings in kg

[image: image21.emf]Without ITS project With ITS project Savings

CO2 emissions [USD/year] 21,430,524.11           13,913,622.49           7,516,901.62             


Table 7 - GHG savings in USD

Travel time in peak hour is a direct model output in liters per hour [h/h], which is then expanded to daily, weekly and yearly travel time. Using the above established conversion factors the yearly fuel consumption is converted from hours to United States Dollars. The savings are the difference between the two scenarios (Table 8, Table 9).

[image: image22.emf]Without ITS project With ITS project Savings

Travel time (peak hour) [h/h] 49,760.00                    32,040.00                    17,720.00                   

Travel time (work day) [h/day] 497,600.00                 320,400.00                 177,200.00                

Travel time (week) [h/week] 2,985,600.00              1,922,400.00              1,063,200.00             

Travel time (year) [h/year] 155,251,200.00         99,964,800.00           55,286,400.00          


Table 8 - Travel time savings in hours

[image: image23.emf]Without ITS project With ITS project Savings

Travel time  (year) [JMD/year] 31,821,838,464.00     20,489,785,056.00     11,332,053,408.00    

Travel time  (year) [USD/year] 254,705,116.73           164,002,249.60           90,702,867.13             


Table 9 - Travel time savings in USD

IV. ECONOMIC COSTS
The identified costs are:

· CAPEX 1: Cost to put the project in place

· CAPEX 2: Cost to put the project in place plus an estimate value of the existing technological and civil infrastructure.

· OPEX: Power consumption of additional technological components.

The CAPEX 2 analysis includes past infrastructure and technology investments that were included at a current approximate purchase value.

The total budget for present component is 3.5 M US$ (Table 22).
The existing infrastructure and technology value estimate, itemized by control center, communications and intersections is approximately 9.97 M US$ (Table 10, Table 11, Table 12). Summing existing infrastructure and technology and project budget for the present component the CAPEX 2 value is approximately 13.47 M US$ (Table 13).

[image: image24.emf]Servers [USD] 20,000.00                   

Workstations [USD] 20,000.00                   

VideoWall [USD] 30,000.00                   

Software [USD] 150,000.00                

Total existing control center infrastructure (aprox.)[USD] 220,000.00                


Table 10 - CAPEX 2 for existing control center infrastructure and technology

[image: image25.emf]USD/m Subtotal

Fiber optic ducting (aprox.) [m] 90,000                          5.00                              450,000.00                

Fiber optic ducting with cable (aprox.) [m] 30,000                          25.00                            750,000.00                

Communications equipment (aprox.) [GL] 500,000.00                

Total existing commuications infrastructure (aprox.)[USD] 1,700,000.00             


Table 11 - CAPEX 2 for existing communications infrastructure and technology

[image: image26.emf]Infrastructure, ducting, poles, signals (aprox.) [USD/intersection] 40,000.00                   

Traffic controller, accessories (aprox.) [USD/intersection] 10,000.00                   

Total intersection infrastructure [USD/intersection] 50,000.00                   

Number of intersections (project) 161                               

Total existing intersection infrastructure (aprox.) [USD] 8,050,000.00             


Table 12 - CAPEX 2 for existing intersection infrastructure and technology

[image: image27.emf]ITS UTMS Componente budget 3,500,000.00             

Total existing infrastructure 9,970,000.00             

Total CAPEX 2 13,470,000.00          


Table 13 - CAPEX 2

As additional components include only media converters, interfaces, memory modules and sensors, the additional power consumption per intersection should be 100 Watts or less. Based on the above established conversion factors the per intersection power consumption is calculated for the total of 161 intersections and then converted from kw/h to US$ per year (Table 14, Table 15).

[image: image28.emf]Additional power consumption (aprox.) [kW/intersection] 0.10                             

Additional power consumption (aprox.) [kWh/day/intersection] 2.40                             

Number of intersections (project) 161                               

Additional power consumption (aprox.) [kWh/day] 386.40                         

Additional power consumption (aprox.) [kWh/year] 141,036.00                


Table 14 - OPEX in kWh

[image: image29.emf]Additional power consumption (aprox.) [JMD/year] 5,641,440.00             

Additional power consumption (aprox.) [USD/year] 45,154.64                   


Table 15 - OPEX in USD

V. ECONOMIC RETURN
The economic return was calculated for both, CAPEX 1 and CAPEX 2 calculating the net present value (NPV) based on the following formula:
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Equation 1 - Net Present Value (NPV) calculation 

Where:

I0
initial investment for the proposed practices 

Bi
benefits received during year i, measured as the revenue from selling the output at market prices and value added or avoided losses

Ci
production costs during year i, include expenses related labor, inputs and maintenance

r
discount rate (12% for this exercise)

As the implementation will take place over year 1 and 2 of the project, benefits are expected to behave in a typical ITS impact pattern representing the initial learning effect and behavior change that lead to an initial increase and traffic flow increase that diminishes the benefits over time.
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Table 16 - Typical ITS project impact development
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Figure 10 - Typical ITS project impact development
For CAPEX 1, only IDB investment the following table resumes the NPV / ERR analysis.

[image: image33.emf]Investment 1 2 3 4 5 6 7 8 9 10

Benefits -                             21,500,000            43,000,000            64,500,000            86,000,000            86,000,000            68,800,000            51,600,000            43,000,000            34,400,000           

Costs (3,500,000)             (1,500,000)             (2,000,000)             -                             -                             -                             -                             -                             -                             -                             -                            

Net Benefits (1,500,000)             19,500,000            43,000,000            64,500,000            86,000,000            86,000,000            68,800,000            51,600,000            43,000,000            34,400,000           

NPV (@12%) 12,130,714            29,015,281            44,076,551            54,460,916            62,268,710            57,040,276            44,591,627            34,310,377            28,976,234            24,545,883           

ERR 43%



Period


Table 17 - NPV / ERR calculation for 10-year period and CAPEX 1

For CAPEX 2, IDB investment and existing infrastructure and technology the following table resumes the NPV/ERR analysis.

[image: image34.emf]Investment 1 2 3 4 5 6 7 8 9 10

Benefits -                             21,500,000            43,000,000            64,500,000            86,000,000            86,000,000            68,800,000            51,600,000            43,000,000            34,400,000           

Costs (13,470,000)          (11,470,000)          (2,000,000)             -                             -                             -                             -                             -                             -                             -                             -                            

Net Benefits (11,470,000)          19,500,000            43,000,000            64,500,000            86,000,000            86,000,000            68,800,000            51,600,000            43,000,000            34,400,000           

NPV (@12%) 3,228,929               29,015,281            44,076,551            54,460,916            62,268,710            57,040,276            44,591,627            34,310,377            28,976,234            24,545,883           

ERR 28%

Period


Table 18 - NPV / ERR calculation for 6-year period and CAPEX 2

In either calculations, the project is economically feasible and implementation is recommended.

VI. SENSITIVITY ANALYSIS
A sensitivity analysis was conducted to assess the variation of benefits with regards to: a) including investments already made by the NWA crucial for the project (CAPEX 2), b) changes in fuel prices, c) changes in travel time savings, and d) a time delay to achieve the project benefits.

a) By considering the investments made by the NWA, the CAPEX increases from US$3.5 million (CAPEX 1) to US$13.47 million (CAPEX 2). This increase reduces the ERR from 43% to 28%, respectively.
b) The project benefits are marginally sensitive to fuel price changes. Reducing fuel prices by 20%, it decreases the benefits in about 4%. The ERR is 39% with CAPEX 1, and 24% with CAPEX 2. Increasing fuel prices by 20%, it produces an additional benefit of about 2%. The ERR is 45% with CAPEX 1, and 30% with CAPEX 2.

c) Changing travel time savings by 20% give the same results as changing fuel prices 20%. That is, reducing travel time savings by 20% decrease the benefits in about 4% for both CAPEX, and increasing travel time savings by 20% increases the benefits by 2%, also for both CAPEX.

d) Finally, if the benefits take longer to materialize, 1 or even 2 years, ERR with CAPEX 1 reduces to 39% and 36% respectively, whilst ERR with CAPEX 2 reduces to 25% and 23% respectively.

In summary, the sensitivity analysis performed to the cost-benefit analysis of the transport component, that considers changes in CAPEX, fuel prices, travel time savings, and a delay in materializing benefits, shows that the ERR varies between 23% and 45%, from the original estimation of 43%.

Below we present the tables with the results for each of the variables changed in the sensitivity analysis.

a) CAPEX

· CBA projections with CAPEX 1 (only project investment)

· CBA projections with CAPEX 2 (project investment + NWA investment)

	
	ERR CAPEX 1
	ERR CAPEX 2

	CBA
	43%
	28%


Table 19 - ERR for CAPEX 1 and CAPEX 2 (CBA)


Sensitivity analysis to changes in CAPEX: By considering the investments already made by the NWA, the CAPEX increases from US$3.5 million (CAPEX 1) to US$13.47 million (CAPEX 2). This increase reduces the ERR from 43% to 28%.

a) Fuel price changes

Since Jamaica imports all its fuel from abroad, the price of fuel responds to changes in international oil prices, which have varied greatly for the past 3 years, reducing from an average of US$100 per barrel in 2013, to US$45 dollars in July 2016. During the past year oil prices have somewhat stabilized, varying between US$35 and US$50 per barrel. It is therefore safe to assume that in the short and medium term oil prices could reduce up to 20%. The sensitivity analysis also considers an increase of 20% to be consistent with the reduction, however this variation is very conservative, as it is expected that in the medium to long run the price of oil will achieve a greater annual increase.

	
	ERR CAPEX 1
	ERR CAPEX 2

	CBA
	43%
	28%

	Fuel price -20%
	39%
	24%

	Fuel price +20%
	45%
	30%


Table 20 - ERR for fuel price changes


Sensitivity analysis to changes in fuel prices: The project benefits are marginally sensitive to fuel price changes. Reducing fuel prices by 20% decreases the benefits in about 4%. The ERR is 39% with CAPEX 1, and 24% with CAPEX 2. Increasing fuel prices by 20% produces an additional benefit of about 2%. The ERR is 45% with CAPEX 1, and 30% with CAPEX 2.
b) Travel time savings changes

The impact of changes in travel time savings are equivalent to changes in fuel prices, since they have the same mathematical relationship in the model. Fuel consumption percentage changes are equivalent to fuel price percentage changes and currency exchange rate percentage fluctuations. The result of travel time changes will result in corresponding fuel consumption and cost changes.

	
	ERR CAPEX 1
	ERR CAPEX 2

	CBA
	43%
	28%

	Travel time savings -20%
	39%
	24%

	Travel time savings +20%
	45%
	30%


Table 21 - ERR for travel time savings changes


Sensitivity analysis to changes in travel time savings: The project benefits are marginally sensitive to travel time savings changes. Reducing travel time savings by 20% decreases the benefits in about 4%. The ERR is 39% with CAPEX 1, and 24% with CAPEX 2. Increasing travel time savings by 20% produces an additional benefit of about 2%. The ERR is 45% with CAPEX 1, and 30% with CAPEX 2.

c) Impact delay changes

The project benefits could potentially take longer to materialize, for instance due to delays in the bidding process, the delivery of the imported equipment, training program, etc. Therefore a sensitivity analysis was conducted to assess the impact of a 1 and 2 year delay in the realization of the benefits.

	
	ERR CAPEX 1
	ERR CAPEX 2

	CBA
	43%
	28%

	1-year benefit delay
	39%
	25%

	2-year benefit delay
	36%
	23%


Table 22 - ERR for impact delay


Sensitivity analysis to changes in realization of project benefits: Finally, if the benefits take longer to materialize, 1 or even 2 years, ERR with CAPEX 1 reduces to 39% and 36% respectively, whilst ERR with CAPEX 2 reduces to 25% and 23% respectively.

VII. ADDITIONAL ANALYSIS
The analysis was based on two investment scenarios, CAPEX 1 and CAPEX 2.

VIII. CONCLUSIONS
The Cost Benefit Ratio of the project is impressively high. This is due to the combination of a series of factors, such as: 1) the availability of an important amount of infrastructure allowing the present transaction to concentrate on the completion of missing links (communication, peripheral devices, software, and institutional strengthening) not having to build a project from cero, and 2) the fact that stepping up from a fix time uncoordinated traffic management scheme to a coordinated scheme is of low investment and high impact.

The sensitivity analysis performed, that considers changes in CAPEX, fuel prices, travel time savings, and a delay in materializing benefits, shows that the ERR varies between 23% and 45%, from the original estimation of 43%.
It is recommended to do the implementation of this operation.
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X. ANNEXES
Petroleum product prices
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Table 23 - Jamaican petroleum product prices 
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Table 24 - Jamaican petroleum product prices 

Emissions calculations
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Table 25 - Average emissions and fuel consumption for passenger cars 

Currency exchange rate
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Figure 11 -  USD / JMD exchange rate 

Reference budget

[image: image39.emf]Jamaica ITS - Greater Kingston Area - Bill of Materials & Reference Budget V.07, 7.8.2016

Item Central control # Unit Subtotal 122,600.00                     USD

3.3.1.1.1 Server 2 UN 5,000.00                           USD 10,000.00                        USD

3.3.1.1.2 Workstation 4 UN 4,000.00                           USD 16,000.00                        USD

3.3.1.1.3 Firewall 1 UN 5,000.00                           USD 5,000.00                           USD

3.3.1.1.4 Printer 1 UN 600.00                               USD 600.00                               USD

3.3.1.1.5 Furniture 1 GL 5,000.00                           USD 5,000.00                           USD

3.3.1.1.6 Local network wiring 1 GL 2,000.00                           USD 2,000.00                           USD

3.3.1.1.7 SunGuide software 1 UN 80,000.00                        USD 80,000.00                        USD

3.3.1.1.8 VMS software 1 UN 1,000.00                           USD 1,000.00                           USD

3.3.1.1.9 Virtual loop software 1 UN 1,000.00                           USD 1,000.00                           USD

3.3.1.1.10 ALPR software 1 UN 1,000.00                           USD 1,000.00                           USD

3.3.1.1.11 CCTV software 1 UN 1,000.00                           USD 1,000.00                           USD

Item Communications # Unit Subtotal 1,153,380.00                 USD

3.3.2.1.1 Switch FX 186 UN 1,700.00                           USD 316,200.00                     USD

3.3.2.1.2 Switch ITS SFP 19 UN 2,200.00                           USD 41,800.00                        USD

3.3.2.1.3 Switch GE Rack 12 UN 5,000.00                           USD 60,000.00                        USD

3.3.2.1.4 Power Supply 204 UN 120.00                               USD 24,480.00                        USD

3.3.2.1.5 SFP GX 42 UN 150.00                               USD 6,300.00                           USD

3.3.2.1.6 SFP FX 84 UN 120.00                               USD 10,080.00                        USD

3.3.2.1.7 FO patch cord 76 UN 40.00                                 USD 3,040.00                           USD

3.3.2.1.8 CAT 5 patch cord 632 UN 40.00                                 USD 25,280.00                        USD

3.3.2.1.9 FO service cable 204 UN 300.00                               USD 61,200.00                        USD

3.3.2.1.10 FO splice closure 216 UN 300.00                               USD 64,800.00                        USD

3.3.2.1.11 Communications cabinet 11 UN 1,200.00                           USD 13,200.00                        USD

3.3.2.1.12 FO Cable 90000 MTS 5.00                                    USD 450,000.00                     USD

3.3.2.1.13 HDPD Duct 10000 MTS 2.50                                    USD 25,000.00                        USD

3.3.2.1.14 Radio 8 UN 6,500.00                           USD 52,000.00                        USD

Item Peripheral devices # Unit Subtotal 1,543,200.00                 USD

3.3.3.1.1 Variable message sign 5 UN 25,000.00                        USD 125,000.00                     USD

3.3.3.1.2 Virtual loop detector 68 UN 4,500.00                           USD 306,000.00                     USD

3.3.3.1.3 Bluetooth WiFi sensor 39 UN 4,500.00                           USD 175,500.00                     USD

3.3.3.1.4 ALPR 56 UN 10,000.00                        USD 560,000.00                     USD

3.3.3.1.5 CCTV Camera 62 UN 3,500.00                           USD 217,000.00                     USD

3.3.3.1.6 Conflict monitor 94 UN 500.00                               USD 47,000.00                        USD

3.3.3.1.7 ATM Modem 161 UN 250.00                               USD 40,250.00                        USD

3.3.3.1.8 Memory module 161 UN 450.00                               USD 72,450.00                        USD

Item Operational capacity and training # Unit Subtotal 200,000.00                     USD

3.3.3.2.1 Baseline and impact documentation 1 GL 15,000.00                        USD 15,000.00                        USD

3.3.3.2.2 Traffic model software 1 UN 40,000.00                        USD 40,000.00                        USD

3.3.3.2.3 Traffic planning software 1 UN 10,000.00                        USD 10,000.00                        USD

3.3.3.2.4 SOP development 1 GL 40,000.00                        USD 40,000.00                        USD

3.3.3.2.5 System training 1 GL 25,000.00                        USD 25,000.00                        USD

3.3.3.2.6 Planning training 1 GL 15,000.00                        USD 15,000.00                        USD

3.3.3.2.7 SunGuide training 1 GL 25,000.00                        USD 25,000.00                        USD

3.3.3.2.8 Coaching 3 UN 10,000.00                        USD 30,000.00                        USD

Item Others # Unit Subtotal 180,000.00                     USD

3.3.4.1.1 Lift truck 1 UN 70,000.00                        USD 70,000.00                        USD

3.3.4.1.2 Fiber splicer 1 UN 25,000.00                        USD 25,000.00                        USD

3.3.4.1.3 Fiber blower 1 UN 50,000.00                        USD 50,000.00                        USD

3.3.4.1.4 Portable ground penetarting radar 1 UN 35,000.00                        USD 35,000.00                        USD

Total system cost 3,199,180.00                 USD

Administration, utility, unforseen expenses 300,820.00                     USD

Total project cost 3,500,000.00                 USD


Table 26 - Current version of detailed project reference budget

Fuel consumption model 

[image: image40.png]16.10.1 Fuel Consumption Model
The Aimsun Fuel Consumption Model assumes that each vehicle is
either idling, or cruising at a constant speed, or accelerating or
decelerating. The state of each vehicle is determined and the
model then uses the appropriate formula to calculate the fuel
consumed for this state.

For idling and decelerating vehicles, the rate (in ml/s) can be

assumed to be constant. For an accelerating vehicle, it is given by
the formula:

F,=(¢, +c,av)

where cand . aro constants and a and v are the vehiclo
acceleration and speed respectively.

The following fuel consumption equation for a cruising vehicle
moving at speed v, has been determined by Akcelic 1982. It




[image: image41.png]contains three constants: &, i, and V,

determined empirically for each vehicle type.

‘which need to be
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V,. is the speed at which the fuel consumed per km is a minimum.
Typically this is around 50 km/h.

The UK Department of Transport 1994 provides fuel consumption
figures for all new cars. Amongst the figures given are the fuel
consumption in litres per 100 km, for vehicles travelling at speeds
of 90 km/h and 120 km/h. These figures can be used to determine
the constants gand i, above. It is easy to show that if fand 7, are
the fuel consumption rates in litres per 100 km/h for a vehicle
travelling at a constant speed of either ,, or ,, respectively, then:

_ (F-Fyr’
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[image: image43.png]16.10.1.1.1 Input Parameters
For each vehicle type, the following additional six parameters,
which specify the vehicle’s fuel consumption rates, have to be
spacified in its editor:

o F: the fuel consumption rate for idling vehicles in ml/s

* gand .: the two constants in the equation for the fuel
consumption rate for accelerating vehicles, F,, in ml/s

* j: the fuel consumption rate, in litres per 100 km, for
vehicles travelling at a constant speed of 90 km/h

« £ the fuel consumption rate, in litres per 100 km, for
vehicles travelling at a constant speed of 120 km/h

* v,: the speed at which the fuel consumption rate, in ml/s, is
at a minimum for a vehicle cruising at constant speed

* F,: the fuel consumption rate for decelerating vehicles in
ml/s.
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Figure 326 Fuel Consumption values defined in the Vehicle Type editor

The following are example values of these input parameters, taken
from Ferrerira 1982 and the UK Department of Transport 1994
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[image: image45.png]The fuel consumption rate for idling vehicles in ml/s f= 0.333, .
and . in tho equation for the fusl consumption rate for
accelerating vehicles: = 0.420, .= 0.260. The fuel consumption

rate for decelorating vehicles in ml/s F,;= 0.537. The fuel
cconsumption rates for cruising vehicles for three different cars are:

Ford Fiesta: = 4.7 (L/100km at 90 km/h)
F,=6.5 (1/100km at 120 km/h)

v, =50 km/h

Ford Escort: 5= 5.4 (/100km at 90 km/h)
F£,=7.1 (1/100km at 120 km/h)

Vv, =50 km/h

Forrari Tostarossa = 10.0 (1/100km at 90 km/h)
F,= 11.4 (/100km at 120 km/h)

Vu=70 km/h

16.10.1.1.2 Output
Outputs produced by the Fuel Consumption model at the different
levels of aggregation are as follows:

* For the entire network, the total distance travelled (in km) by
all the vehicles having finished their trip and the total fuel
consumed by all of them, in litres.

* For each section and turning, the total km travelled by all the
vehicles that have crossed that section and the total fuel
consumed by all of them, in litres.

* For each route, the total distance travelled (in km) by all the
vehicles that have followed that route and the total fuel
consumed by all of them, in litres.

16.10.2 QUARTET Pollution Emission Model

Aimsun can model the pollution emissions for all the vehicles in the
simulation. As in the Fuel Consumption Model, the vehicle state
(idling, cruising, accelorating or decelorating) and the vehiclo
speed / acceleoration is used to ovaluate the emission from each
vehicle for each simulation step. This is done by referencing look-
up tables for each pollutant, which give emissions (in g/s) for every
relevant combination of vehicle behaviour, speed / acceleration.
There are different sets of look-up tables for each vehicle type and
for each pollutant.

At the moment, a maximum of three pollutants are considered,
corresponding to the three most widely used pollutants (Carbon
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XI
APPENDIX A.
A.1
Analysis

I.1
Scenarios

The following scenarios were analyzed:

· CBA projections with CAPEX 1 (only project investment)

· CBA projections with CAPEX 2 (project investment + NWA investment)

· Sensibility to fuel price changes

· Sensibility to travel time savings changes

· Sensibility to impact delay

I.2
Results

I.2.1
CAPEX

[image: image46.emf]NPV CAPEX 1 NPV CAPEX 2

CBA 43% 28%


Table A. 1 - NPV for CAPEX 1 and CAPEX 2 (CBA)

I.2.2
Fuel price change

[image: image47.emf]NPV CAPEX 1 NPV CAPEX 2

CBA 43% 28%

Fuel price -20% 39% 24%

Fuel price +20% 45% 30%


Table A.2 - NPV for fuel price changes

I.2.3
Travel time savings changes
The impact of changes in travel time savings are proportional to changes in fuel prices.
I.2.4
Impact delay

[image: image48.emf]NPV CAPEX 1 NPV CAPEX 2

CBA 43% 28%

1 year benefit delay 39% 25%

2 years benefit delay 36% 23%


Table A. 3 - NPV for impact delay

I.3
Conclusion

The sensibility of calculating the project without and with considering the NWA investments (CAPEX 1, CAPEX 2) is great but NPV keeps being high.

The impact in changes of fuel prices and travel time projections are relatively insensible, as 20% change of each produces only around 2 – 4% change in NPV. The same would be the case for a static analysis of changes in travel time savings as both are proportional.

A delay in generating benefits has a higher impact. Though the NPV with a 1 or 2-year delay keeps being high, the impact of delays on the NPV are important. NPV change for CAPEX 1 is between 4 and 7% and for CAPEX 2 between 3 and 5%.

This leads to the conclusion that the delay has the greatest impact on NPV and that a high priority of the present component in the project schedule is recommended.

A.2
Annex

A.2.1
CBA calculations (fuel savings, travel time savings, CO2 emissions savings)

I.I.1 Fuel consumption

[image: image49.emf]Without ITS project With ITS project Savings

Fuel consumption (peak hour) [l/h] 95,140.00                       61,769.00                       33,371.00                      

Fuel consumption (work day) [l/day] 951,400.00                     617,690.00                     333,710.00                    

Fuel consumption (week) [l/week] 5,708,400.00                 3,706,140.00                 2,002,260.00                

Fuel consumption (year) [l/year] 296,836,800.00           192,719,280.00           104,117,520.00          


Table A.4 - Fuel consumption in litres (CBA)

[image: image50.emf]Without ITS project With ITS project Savings

Fuel consumption (year) [JMD/year] 30,696,724,631.04     19,929,640,358.78     10,767,084,272.26    

Fuel consumption (year) [USD/year] 245,699,595.24           159,518,796.49           86,180,798.75             


Table A.5 - Fuel consumption in US Dollars (CBA)

I.I.2 CO2 emissions

[image: image51.emf]Without ITS project With ITS project Savings

CO2 emissions [kg/year] 579,203,354.39           376,043,851.14           203,159,503.25          


Table A.6 - CO2 emissions in kg (CBA)

[image: image52.emf]Without ITS project With ITS project Savings

CO2 emissions [USD/year] 21,430,524.11              13,913,622.49              7,516,901.62                


Table A.7 - CO2 emissions in US Dollars (CBA)

I.I.3 Travel time

[image: image53.emf]Without ITS project With ITS project Savings

Travel time (peak hour) [h/h] 49,760.00                       32,040.00                       17,720.00                      

Travel time (work day) [h/day] 497,600.00                     320,400.00                     177,200.00                    

Travel time (week) [h/week] 2,985,600.00                 1,922,400.00                 1,063,200.00                

Travel time (year) [h/year] 155,251,200.00           99,964,800.00              55,286,400.00             


Table A.8 - Travel time in h (CBA)

[image: image54.emf]Without ITS project With ITS project Savings

Travel time  (year) [JMD/year] 31,821,838,464.00     20,489,785,056.00     11,332,053,408.00    

Travel time  (year) [USD/year] 254,705,116.73           164,002,249.60           90,702,867.13             


Table A.9 - Travel time in US Dollars (CBA)

I.I.4 ITS project impact development

[image: image55.emf]Project year Impact year Impact

1
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3 2 50%

4 3 75%

5 4 100%

6 5 100%

7 6 80%

8 7 60%

9 8 50%

10 9 40%


Table A.10 - ITS project impact development (CBA)

I.I.5 NPV CAPEX 1

[image: image56.emf]Investment 1 2 3 4 5 6 7 8 9 10

Benefits -                         21,500,000          43,000,000          64,500,000          86,000,000          86,000,000          68,800,000          51,600,000          43,000,000          34,400,000         

Costs (3,500,000)           (1,500,000)           (2,000,000)           -                         -                         -                         -                         -                         -                         -                         -                        

Net Benefits (1,500,000)           19,500,000          43,000,000          64,500,000          86,000,000          86,000,000          68,800,000          51,600,000          43,000,000          34,400,000         

NPV (@12%) 12,130,714          29,015,281          44,076,551          54,460,916          62,268,710          57,040,276          44,591,627          34,310,377          28,976,234          24,545,883         

ERR 43%



Period


Table A.11 - NPV CAPEX 1 (CBA)

I.I.6 NPV CAPEX 2

[image: image57.emf]Investment 1 2 3 4 5 6 7 8 9 10

Benefits -                         21,500,000          43,000,000          64,500,000          86,000,000          86,000,000          68,800,000          51,600,000          43,000,000          34,400,000         

Costs (13,470,000)        (11,470,000)        (2,000,000)           -                         -                         -                         -                         -                         -                         -                         -                        

Net Benefits (11,470,000)        19,500,000          43,000,000          64,500,000          86,000,000          86,000,000          68,800,000          51,600,000          43,000,000          34,400,000         

NPV (@12%) 3,228,929            29,015,281          44,076,551          54,460,916          62,268,710          57,040,276          44,591,627          34,310,377          28,976,234          24,545,883         

ERR 28%

Period


Table A.12 - NPV CAPEX 2 (CBA)

A.2.2
Fuel price -20%

I.I.7 Fuel savings calculation

[image: image58.emf]Fuel price -20% Without ITS project With ITS project Savings

Fuel consumption (year) [JMD/year] 24,557,379,704.83     15,943,712,287.03     8,613,667,417.80      

Fuel consumption (year) [USD/year] 196,559,676.19           127,615,037.20           68,944,639.00             


Table A.13 - Fuel consumption l (Fuel price -20%)

I.I.8 NPV CAPEX 1

[image: image59.emf]Investment 1 2 3 4 5 6 7 8 9 10

Benefits -                         14,500,000          29,000,000          43,500,000          58,000,000          58,000,000          46,400,000          34,800,000          29,000,000          23,200,000         

Costs (3,500,000)           (1,500,000)           (2,000,000)           -                         -                         -                         -                         -                         -                         -                         -                        

Net Benefits (1,500,000)           12,500,000          29,000,000          43,500,000          58,000,000          58,000,000          46,400,000          34,800,000          29,000,000          23,200,000         

NPV (@12%) 12,130,714          23,434,923          34,111,627          41,115,036          46,380,758          42,854,605          34,459,005          27,525,138          23,927,694          20,939,783         

ERR 39%



Period


Table A.14 - NPV CAPEX 1 (Fuel price -20%)

I.I.9 NPV CAPEX 2

[image: image60.emf]Investment 1 2 3 4 5 6 7 8 9 10

Benefits -                         14,500,000          29,000,000          43,500,000          58,000,000          58,000,000          46,400,000          34,800,000          29,000,000          23,200,000         

Costs (13,470,000)        (11,470,000)        (2,000,000)           -                         -                         -                         -                         -                         -                         -                         -                        

Net Benefits (11,470,000)        12,500,000          29,000,000          43,500,000          58,000,000          58,000,000          46,400,000          34,800,000          29,000,000          23,200,000         

NPV (@12%) 3,228,929            23,434,923          34,111,627          41,115,036          46,380,758          42,854,605          34,459,005          27,525,138          23,927,694          20,939,783         

ERR 24%

Period


Table A.15 - NPV CAPEX 2 (Fuel price -20%)

A.2.3
Fuel price +20%

I.I.10 Fuel savings calculation

[image: image61.emf]Fuel price +20% Without ITS project With ITS project Savings

Fuel consumption (year) [JMD/year] 36,836,069,557.25     23,915,568,430.54     12,920,501,126.71    

Fuel consumption (year) [USD/year] 294,839,514.29           191,422,555.79           103,416,958.50          


Table A.16 - Fuel consumption (Fuel price +20%)

I.I.11 NPV CAPEX 1

[image: image62.emf]Investment 1 2 3 4 5 6 7 8 9 10

Benefits -                         25,750,000          51,500,000          77,250,000          103,000,000        103,000,000        82,400,000          61,800,000          51,500,000          41,200,000         

Costs (3,500,000)           (1,500,000)           (2,000,000)           -                         -                         -                         -                         -                         -                         -                         -                        

Net Benefits (1,500,000)           23,750,000          51,500,000          77,250,000          103,000,000        103,000,000        82,400,000          61,800,000          51,500,000          41,200,000         

NPV (@12%) 12,130,714          32,403,355          50,126,683          62,563,772          71,914,966          65,653,005          50,743,576          38,429,985          32,041,419          26,735,301         

ERR 45%



Period


Table A.17 - NPV CAPEX 1 (Fuel price +20%)

I.I.12 NPV CAPEX 2

[image: image63.emf]Investment 1 2 3 4 5 6 7 8 9 10

Benefits -                         25,750,000          51,500,000          77,250,000          103,000,000        103,000,000        82,400,000          61,800,000          51,500,000          41,200,000         

Costs (13,470,000)        (11,470,000)        (2,000,000)           -                         -                         -                         -                         -                         -                         -                         -                        

Net Benefits (11,470,000)        23,750,000          51,500,000          77,250,000          103,000,000        103,000,000        82,400,000          61,800,000          51,500,000          41,200,000         

NPV (@12%) 3,228,929            32,403,355          50,126,683          62,563,772          71,914,966          65,653,005          50,743,576          38,429,985          32,041,419          26,735,301         

ERR 30%

Period


Table A.18 - NPV CAPEX 2 (Fuel price +20%)

A.2.4
1-year delay in impact generation

I.I.13 Development pattern

[image: image64.emf]Project year Impact year Impact
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Table A.19 - ITS project impact development (1-year delay)

I.I.14 NPV CAPEX 1

[image: image65.emf]Investment 1 2 3 4 5 6 7 8 9 10

Benefits -                         -                         21,500,000          43,000,000          64,500,000          86,000,000          86,000,000          68,800,000          51,600,000          43,000,000         

Costs (3,500,000)           (1,500,000)           (2,000,000)           -                         -                         -                         -                         -                         -                         -                         -                        

Net Benefits (1,500,000)           (2,000,000)           21,500,000          43,000,000          64,500,000          86,000,000          86,000,000          68,800,000          51,600,000          43,000,000         

NPV (@12%) 12,130,714          11,875,612          28,773,275          40,797,277          50,069,032          57,040,276          52,372,034          41,257,168          32,077,480          27,314,853         

ERR 39%



Period


Table A.20 - NPV CAPEX 1 (1-year delay)

I.I.15 NPV CAPEX 2

[image: image66.emf]Investment 1 2 3 4 5 6 7 8 9 10

Benefits -                         -                         21,500,000          43,000,000          64,500,000          86,000,000          86,000,000          68,800,000          51,600,000          43,000,000         

Costs (13,470,000)        (11,470,000)        (2,000,000)           -                         -                         -                         -                         -                         -                         -                         -                        

Net Benefits (11,470,000)        (2,000,000)           21,500,000          43,000,000          64,500,000          86,000,000          86,000,000          68,800,000          51,600,000          43,000,000         

NPV (@12%) 3,228,929            11,875,612          28,773,275          40,797,277          50,069,032          57,040,276          52,372,034          41,257,168          32,077,480          27,314,853         

ERR 25%

Period


Table A.21 - NPV CAPEX 2 (1-year delay)

A.2.5
2-year delay in impact generation

I.I.16 Development pattern

[image: image67.emf]Project year Impact year Impact
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Table A.22 ITS project impact development (2-year delay)

I.I.17 NPV CAPEX 1

[image: image68.emf]Investment 1 2 3 4 5 6 7 8 9 10

Benefits -                         -                         -                         21,500,000          43,000,000          64,500,000          86,000,000          86,000,000          68,800,000          51,600,000         

Costs (3,500,000)           (1,500,000)           (2,000,000)           -                         -                         -                         -                         -                         -                         -                         -                        

Net Benefits (1,500,000)           (2,000,000)           -                         21,500,000          43,000,000          64,500,000          86,000,000          86,000,000          68,800,000          51,600,000         

NPV (@12%) 12,130,714          11,875,612          13,470,000          27,133,639          37,869,355          46,147,707          52,372,034          48,203,960          38,279,973          30,083,823         

ERR 36%



Period


Table A.23 - NPV CAPEX 1 (2-year delay)

I.I.18 NPV CAPEX 2

[image: image69.emf]Investment 1 2 3 4 5 6 7 8 9 10

Benefits -                         -                         -                         21,500,000          43,000,000          64,500,000          86,000,000          86,000,000          68,800,000          51,600,000         

Costs (13,470,000)        (11,470,000)        (2,000,000)           -                         -                         -                         -                         -                         -                         -                         -                        

Net Benefits (11,470,000)        (2,000,000)           -                         21,500,000          43,000,000          64,500,000          86,000,000          86,000,000          68,800,000          51,600,000         

NPV (@12%) 3,228,929            11,875,612          13,470,000          27,133,639          37,869,355          46,147,707          52,372,034          48,203,960          38,279,973          30,083,823         

ERR 23%

Period


Table A.24 - NPV CAPEX 2 (2-year delay)

� John Weiss (1987) – “Approaches to estimating national economic parameters: Jamaica, Nepal and Ethiopia” estimates an average cost factor of 0.8 for Jamaica. Therefore the economic analysis using domestic prices is a conservative scenario and the use of shadow prices would improve the economic indicators. Article published in the Journal Project Appraisal – March 1987.


� The investment for the retrofitting is assumed to take place in year 3 with retrofitting for each building completed in years 3 and 4 as shown in the Results Matrix


� The ±20% change is a conservative assumption. A +20% cost overrun is not common in energy efficiency projects (contrary to projects that involve civil works). More information can be found in the “Energy Efficiency Guidelines Series – IDB publication (2012) The -20% case serves a double purpose: compensate for a possible overvaluation of economic costs (for a ratio of 0.08 as pointed before) and a potential decrease of cost due to technological improvements.


� The ±20% change sensitivity to electricity price is a percent change to the projection obtained by escalating the price series following projections to the oil price. The objective is to account for the volatility associated to the prices of primary energy where oil plays a very significant role and long term fluctuations of 20% around the forecast have been observed (Commodity Markets Outlook – World Bank series).


� The study “Energy Efficient: a compelling global resource” (McKinsey&Co,2010) defines a sensitivity analysis on energy efficiency technologies and show that even the most expensive opportunities selected are ENPV-positive over the lifetime of the measure and represent the least expensive way to provide for future energy requirements. The study also points out government buildings as one of the main cluster for efficiency potentials in the next decade.,


� European Commission’s Clean Vehicle Portal: Directive 2009/33/EC


� Source: Universidad de Medellin: Lecture on Intelligent Transportation Systems, Medellin, Colombia, 2016


� Source: Xiao-Feng Xie, et al. Real-time traffic control for sustainable urban living. IEEE International Conference on Intelligent Transportation Systems (ITSC), Qingdao, China, 2014: 1863-1868


� Source: Banse Klaus, Prof.-Univ.: Post degree lecture on Intelligent Transportation Systems Design, Universidad de Medellin, Medellin, Colombia, January 2015.


� Source: IPCC, 2014.  Intergovernmental Panel on Climate Change Working Group II Assessment Report 5 (AR5) Summary for Policymakers.


� Source: PETROJAM LIMITED, http://www.petrojam.com/price-index


� Source: PETROJAM LIMITED, http://www.petrojam.com/price-index


� Source: United States Environmental Protection Agency: Report EPA420-F-08-024, Average Annual Emissions and Fuel Consumption for Gasoline-Fueled Passenger Cars and Light Trucks, October 2008


� Source: OANDA, https://www.oanda.com/currency/converter/


� Source: Aimsun 8 User Manual, TSS, Barcelona, 2015





