The Sensitivity of the Cost of GHG Credits to Credit Eligibility Period

Introduction

The Kyoto Protocol defines Joint Implementation (JI) & the Clean Development Mechanism (CDM) as mechanisms for the creation of GHG credits that can be used by signatories to meet their commitments. Under JI, credits produced during the first commitment period (2008-2012) by projects within signatory countries are clearly eligible. Under CDM, credits produced through 2007 by projects in non-signatory countries may also be eligible. At this time, it is unclear whether or not carbon offsets generated after these periods by JI or CDM projects will be eligible as instruments to assist signatory countries to meet their commitments.

Not all projects that reduce GHG emissions generate GHG credits. Projects that would be undertaken without considering GHG emissions do not generate credits and are considered “baseline” projects. Projects that may be eligible to generate GHG credits are those that would not otherwise be undertaken solely on economic or development grounds. Typically, these eligible projects are more expensive than “baseline” projects. The additional cost of an eligible project is its “incremental cost.” The incremental cost of an eligible project per unit of GHG emissions reductions it generates over its lifetime (or shorter eligibility period) is the cost of GHG credits produced by the project.

This note documents the assumptions and methods used in a sensitivity analysis of the per unit cost of generating GHG credits to the length of the credit eligibility period (contained in the spreadsheet “CarbonCreditAnalysisRev3.xls”). 

Scope and approach

To examine the sensitivity of the cost of generating GHG credits, we developed “first-order” techo-economic cost models of five generic project types that may be eligible for incremental cost financing. The following technologies are modeled in the spreadsheet: 

· DSM: residential efficient lighting;

· a 50 MW wind farm;

· landfill gas collection and power generation;

· bagasse cogeneration; and

· a 1 MW small hydro installation.

For each technology we use conservative estimates of capital costs, annual recurrent costs, and financing, contingencies, and other soft costs, generalized from current international practice. As such, the projects modeled here are average projects, not “superior” projects. Since local conditions at actual installations vary a great deal, it is possible to find projects that are substantially more and less expensive than the average projects modeled here. Standard life-cycle cost methods are employed to determine the levelized cost of energy generated by each project.
As each model project is grid-connected, it displaces the need for other generation capacity in the electric power grid. To the extent that it displaces the need for coal, fuel oil, or natural gas based generation, it may generate GHG credits. The carbon intensity of displaced generation is a parameter that can be selected by the analyst on the summary sheet.

If the levelized cost of energy generated by any given project type is lower than the avoided cost on the grid, the project is per se economic and, therefore, does not have “additional” costs and does not generate eligible GHG credits. Conversely, a project with levelized costs above avoided costs on the grid is an “incremental cost” project and does generate GHG credits. In the spreadsheet, incremental costs are simply the non-negative difference between NPV project costs and NPV avoided costs. This incremental cost per unit of GHG credits generated over the period in question is the cost of GHG credits displayed on the summary sheet. In this way, the avoided cost of energy represents the baseline project to be displaced by the incremental cost projects modeled here.

Avoided cost of energy (US ¢ per kWh) is a parameter that can be selected by the analyst on the summary page. The capacity value of displaced power plants ($/kW installed) is almost always a critical parameter in determining the feasibility of actual project designs. However, capacity value is not explicitly modeled in this first-order analysis. All avoided cost is expressed on an energy basis.

Global assumptions

Several assumptions are applied uniformly to assess all generic project types and can be changed by the analyst on the summary page. These assumptions are displayed in the table below.

	Global Assumptions

	Discount Rate
	
	10%

	Carbon displaced (tonnes CO2/MWh)
	0.84 

	Avoided cost (US$/kWh)
	
	0.050 

	PCF share of incremental cost
	
	100%

	PCF share of carbon credits
	
	100%


The discount rate is used to discount the flow of project costs and benefits (the avoided cost of electricity generated or saved) in calculating levelized costs, total project costs, and incremental costs.

The carbon intensity of any generation mix can be selected by setting the carbon displaced parameter. Standard power plant emission factors are shown in the table below.

	standard power plant emissions  factors

	
	energy in
	
	energy out

	
	tCO2/Tj
	plant efficiency
	tonne CO2/MWh

	Coal
	95
	33%
	1.04

	fuel oil
	77
	33%
	0.84

	natural gas
	56
	40%
	0.50


Source: GHG Assessment Handbook

Avoided cost is a very important parameter in this analysis. Not only is it used to value the benefits stream (electricity generated or saved by each project), but it also defines the baseline for establishing project incremental cost. Changing the avoided cost parameter on the summary sheet changes project benefit streams and the baseline against which incremental costs are assessed.

The costs of carbon credits that are displayed on the summary chart are actually the PCF share of NPV incremental costs divided by PCF share of carbon credits generated by each project. Since these values are set to default values of 100%, the default summary chart displays NPV project incremental costs per carbon credit (US$/Tonne CO2). The analyst may change these parameters to simulate partial funding of incremental costs and/or shared carbon credits.

Technology Options

DSM: Efficient Lighting

The costs and characteristics of this option are based on the Illumex High Efficiency Lighting Pilot Project of the GEF. This project replaced 1.7 million incandescent light bulbs with compact fluorescent lamps (CFLs) in households in two Mexican cities. Key assumptions are shown in the table below. 

	
	Incand bulbs
	CFLs

	Wattage of standard and high efficiency lamps
	         60 
	         15 

	Operating life (hours)
	       750 
	     8,760 

	Daily usage (hours)
	           4 
	           4 

	Cost/price (US$)
	      0.32 
	      8.00 

	Residential lighting peak coincidence
	      0.82 
	

	Project target installations (millions)
	      1.70 
	

	GT&D losses
	20%
	

	Additional indirect project costs (% of CFL capital cost)
	50%
	


Though this project was prepared in 1994, the current cost of CFLs today is not substantially different from the nominal cost in 1994. In costing this project, we assume that each 15 Watt CFL replaces one 60 Watt incandescent bulb.
 We estimate project capital cost as the entire cost of 1.7 million CFLs (as though they were given free of charge to households). Capital costs are incurred in the year the CFLs are installed. As with the Illumex project (2 ½ year installation time), our model reaches full installation in year three. At four hours average daily use, the average CFL will last six years, making this the shortest project type evaluated here – complete eight years after inception.

In addition to the capital cost of the CFLs, projects like this incur substantial overhead costs during implementation such as administration, installation labor, marketing, monitoring, evaluation, contingencies, and financing. These costs were estimated to be 48% of capital costs in the Illumex case. Here we add 50% to project capital cost.

Lighting loads are almost always coincident with system peak loads. More efficient lamps, therefore, have substantial value in displacing or deferring investment in expensive peaking plants. We do not include this value in estimating project benefits. Nor do we include the savings to consumers who will not need to purchase replacement incandescent bulbs for installations lit by CFLs over a six year period. Project benefits are entirely captured in the avoided cost of energy saved.

Avoided cost and carbon displaced are specified on the summary sheet in terms of kWh generated. Since this project saves energy at residential points of consumption, 1 kWh saved will save 1/(1-losses) kWh of energy generated. Losses are accounted for in this way to convert end-use energy into energy generated in the analysis.

Finally, our first-order analysis does not adjust for “free riders” – those who would have purchased CFLs in the absence of the project. We also do not account for “free drivers” – those who would buy replacement CFLs when project CFLs burn out.

The eight year cycle of project costs and benefits is displayed on a chart sheet. The project that is used on this chart (and on the summary page) begins in 2006 and ends in 2013. This project cycle was selected rather than one beginning earlier to position the project for maximum advantage in terms of generating carbon credits between 2008 and 2012.

With these assumptions, such a project can deliver energy savings for less than 4¢/kWh.

50 MW Wind Farm

With installed capacity at 16 MW worldwide and growing at 20% per year (the fastest growing energy source in the world), wind power is now a mature commercial power technology. Assumptions used in this model represent current practice from commercial power developers.

	Installed cost (turnkey) ($/kW)
	      1,000 

	Annual O&M and recurrent costs (% of installed cost)
	6%

	Annual capacity factor
	        0.35 

	Borrowing, risk mgmt, and soft costs (% of investment cost)
	20%


The useful life of wind generators is roughly 20 years and startup (procurement, construction and commissioning) can take place in 6 months to one year. The 20% additional costs assumed in our model is a conservative estimate of the costs of financing, contingencies, interest during construction, legal and other costs. The annual capacity factor is a critical variable that reflects the quality and constancy of the wind resource. The default capacity factor of 0.35 represents a good (though minimal) wind resource. As such it is a conservative assumption. A capacity factor of 0.45 would be an excellent resource with significantly lower levelized costs of energy.

Wind, small hydro and bagasse cogeneration have similar profiles of costs and benefits over the useful life of the investment. Each  has heavy capital investment up front with smaller, constant (in expectation) net benefits over a long term.

Under these assumptions, a wind farm with a capacity factor of 0.35 can deliver energy for 6¢/kWh while one located in a better wind regime with an annual capacity factor of 0.45 can deliver energy for 4.6¢/kWh

Landfill gas collection, flaring and power generation

The model of a landfill gas collection and power generation project is based on a generic landfill that was opened in 1965, will be closed in 2005 and will generate power from 2002 through 2022 in stepped decrements following the decay of landfill gas in the closed facility. All assumptions and results of the technical decay model are contained on a separate sheet in the workbook as is a chart showing the profile of methane collection and installed power generation capacity over the life of the landfill.
 The productivity of any landfill depends heavily on local conditions –  temperature, moisture content, organic content, etc. This model is fairly run-of-the-mill – not an exceptional project.

	Gas collection and engine installed cost ($/kW)
	      1,750 

	Annual O&M and recurrent costs (% of installed cost)
	10%

	Annual capacity factor
	        0.90 

	Borrowing, risk mgmt, and soft costs (% of investment cost)
	20%


Lead time for a project like this at a municipal or regional landfill is roughly one year for procurement, construction and commissioning. The installed cost includes wells, collection piping, filters, engines and substation. O&M of actual projects range between $0.01 and $0.025 per kWh. A rule of thumb for O&M is 10% of capital cost (in this example, 10% is the same as $0.02/kWh). The 20% soft cost assumption is a conservative estimate that includes financing, contingencies, interest during construction, legal and other costs.

With these assumptions, such a project can deliver energy for 5.7¢/kWh.

The summary charts show incremental costs per tonne CO2 for two landfill options. Both are for the same project. However, the option labeled “no CH4”, does not count the collected methane as part of its credits while the option labeled “with CH4” claims GHG credit for the methane collection. Since methane is a very powerful greenhouse gas, the methane collected and flared/used for power generation is very cheap in terms of project incremental cost.

Bagasse Cogeneration

Successful bagasse cogeneration projects require detailed engineering design which must consider characteristics of the existing plant, cane conditions, crushing season, and load flow and capacity expansion plans in the existing grid. Since they require construction of boilers in the field, they typically have lead times of three years and useful lives of 25 years. Moreover, the engineering design of bagasse cogeneration projects is critical because they typically must trade off several objectives, including the provision of steam heat for the sugar process, electricity for use in plant and for sale to the grid, and cane trash storage and/or disposal. Because of this, bagasse cogeneration projects are generally not as efficient as utility plants in the production of electricity and generally operate at lower pressures.

The installed costs of bagasse cogeneration projects vary widely from $800 - $1,000/kW in countries with domestic fabrication sources to $1,200 - $ 1,800/kW where all materials are imported. The model used in this analysis uses $1,000/kW installed.

	Installed capacity of new boiler(s) and generator (MW)
	             5 

	Installed cost of new boiler(s) and other retrofits ($/kW)
	      1,000 

	Annual O&M and recurrent costs (% of installed cost)
	5%

	Capacity factor during crushing season
	        0.85 

	Crushing season + cane storage (months/year)
	             8 

	Annual capacity factor
	        0.57 

	Borrowing, risk mgmt, and soft costs (% of investment cost)
	20%


For actual projects, detailed studies of avoided capacity and energy costs are necessary to ensure commercial viability. But for this first-order analysis, the global assumption of the avoided cost of fuel displaced in the grid generation mix has been used to determine the incremental costs of GHG credits generated by the project.

It should be noted that since we do not explicitly account for the value displaced capacity in the capacity expansion plan for any of the technologies modeled here, all of our estimates of levelized costs are biased downward. This in turn biases our estimates of incremental costs upward. This bias can be most severe for bagasse cogeneration projects as the value of capacity displaced or deferred by these projects often contributes significantly to their economic and financial viability.

We model a facility with a typical six month crushing season and two months of excess bagasse storage. We do not explicitly model the additional fossil fuel that may be required to generate electricity for use in plant during the four months that bagasse is not available.

Even under these conservative assumptions, bagasse cogeneration can deliver energy for 3.7¢/kWh.
Small Hydro

Hydro installations are very site specific. Installed costs vary from $1,000/kW to over $3,000/kW depending upon local resource conditions and design need. The installation modeled in this analysis is a 1MW facility that includes some pondage with diversionary wier, canal and penstock at a typical installed cost of $2,000/kW.

	Small hydro installed capacity (MW)
	             1 

	Installed cost ($/kW)
	      2,000 

	Annual O&M and recurrent costs (% of installed cost)
	3%

	Annual capacity factor
	        0.75 

	Borrowing, risk mgmt, and soft costs (% of investment cost)
	20%


With the field engineering and civil works required by small hydro projects of this size, they typically have a three year lead time for procurement, construction and commissioning and a useful life of 40 years. As such, this is the longest-lived technology modeled in this analysis.

Small hydro projects of this size rarely make economic sense at annual capacity factors of less than 65%. This analysis assumes an annual capacity factor of 75%.

Under these assumptions, this generic small hydro project could deliver energy for 4.2¢/kWh.
Key Results

The results of this sensitivity analysis are displayed in two charts on the summary sheet.

The first chart displays the amount of emissions reductions generated in each eligibility period as a percentage of credits generated relative to the entire project life for each technology. Projects are displayed in ascending order of project life. Even so, the share of credits generated in more tightly constraining eligibility periods do not fall monotonically as a function of project life. It appears that the constrained periods are more tightly binding on projects with constant annual generation (wind, bagasse, and hydro) than on projects with early and declining benefits (DSM and landfill gas). LFG projects generate roughly 75% of their total carbon credits in 2001 – 2012 even though they have a longer assumed life than wind farms that generate only 55% over the same period.

The other summary chart displays the estimated net present incremental costs of carbon credits (per metric ton of CO2) generated by each project in each crediting period. All cost estimates in this chart are a function the baseline avoided costs specified by the analyst on the summary page. This chart demonstrates how the unit costs of generating GHG credits increases under shorter eligibility periods. It also shows the indicative costs of generating carbon credits with different technology types. But since in actual projects of they same type can exhibit wide variation in costs, little credence should be given to cost comparisons between technologies in this analysis.
The real value of this analytic tool is that it gives the analyst the ability to vary key global or technology specific parameters and assumptions and see immediately the impact on the cost of carbon credits.

� While this assumption is satisfactory for a first-order model, it is quite unrealistic in practice. It implies that household demand for lighting services will not increase in response to a substantial reduction in the cost of lighting (the CFLs in the pilot project were heavily subsidized).


� All technical and cost estimates have been provided by Jerome Weingart, a renewable energy expert at AED.


� All technical and cost characteristics of this representative model have been provided by Bob Watts, a landfill gas expert at AED.


� This cost range is from a review of international projects. Technical and cost characteristics for bagasse cogeneration and small hydro projects have been provided by Robert Chronowski of AED.
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