Combined Heat & Power Options in San Francisco

Background & Summary
This report is prepared at the request of the Board of Supervisors under section 2(b) of Ordinance 174-09:

Concurrent with the preparation of the [combustion turbines] for sale in Fiscal Year 2009–2010, as authorized in this ordinance, the PUC is instructed to analyze the feasibility of local cogeneration projects.  If any of these projects demonstrates initial feasibility and environmental benefit, and requires purchase from the City of a CT unit, the PUC is instructed to report to the Mayor and Board of Supervisors on what actions would allow for consideration of this project or projects.
Based on available site locations and the size of the combustions turbines the city currently has at its disposal, staff has assessed that only the NRG steam plant at 5th and Jessie Streets has the sufficiently large steam load to accommodate an LM6000 50-megawatt combustion turbine.  While the 5th & Jessie site can accommodate a 50 MW combustion turbine, one key element in assessing the feasibility of such a project is whether there is a need for the resultant electricity generated by the combustion turbine.  In the case of the SFPUC, the City is fully resourced to meet its load requirements for the foreseeable future and would not benefit by acquiring more electricity at this point.  One final consideration, as will be shown later in this report, is that the levelized cost of electricity is too high, compared to the City’s hydro generation costs, to warrant such an investment presently.  Staff’s initial feasibility far outweighs any potential environmental benefits the City may realize from purchasing or retaining a CT unit.
Because there are benefits to stimulating the development of combined heat and power (CHP) within San Francisco, this report, instead, will identify the most promising sites in San Francisco for combined heat and power and will develop preliminary estimates of the installation costs and levelized costs of electricity.

Benefits of Combined Heat & Power
Combined heat and power, or cogeneration, is the production of electricity using thermal generation (such as a natural gas combustion turbine) combined with the capture of excess heat from the turbine’s exhaust for useful ancillary purposes, such as to heat water, run cooling systems, or providing steam for heating.

The vast majority of CHP plants run on natural gas.  A minority, such as at San Francisco’s Southeast Water Treatment Plant, are configured to run on biogas collected from processing waste.  Most modern CHP plants are 80–90 percent energy-efficient.

In general, San Francisco can benefit from additional local cogeneration, as it brings several valuable capabilities not possessed by other energy resources.

CHP Provides Thermal Offset
The high energy efficiency of CHP means that both electrical and thermal loads can be served for lower fuel costs and lower emissions than standalone electrical or thermal plants.  To the extent a particular site may require both electrical and thermal service, CHP is the best option.

CHP Improves Reliability
CHP improves electrical reliability both in front of the meter and behind it.  The presence of CHP plants dotted around the city will reduce the city’s overall electrical demands on the transmission and distribution system, thereby reducing the probability of interruptions to grid service and further strengthening the case to close the Potrero Power Plant.  Behind the meter, a CHP plant serving on-site loads provides an uninterruptible power supply for critical applications (such as hospital operating rooms) and can also improve power quality, such as by smoothing voltage spikes resulting from the activation or deactivation of electrical loads.

CHP Complements Renewables
A CHP plant will typically consume about half the amount of gas per unit of produced energy that a grid-scale electrical plant will consume.  Its emissions will be correspondingly lower as well.  While CHP carries an emissions burden, it also possesses one critical advantage over renewable power, which is its dispatchability.  A cogeneration plant operates under human control rather than the vagaries of the weather, allowing it to complement renewable power by making up any shortfall in supply when the wind is not blowing or the sun is not shining.  In utility parlance, CHP has a role in ‘firming’ local renewables. 

Potential Locations for Combined Heat & Power Projects

In 2007, the Department of Environment (SFE) commissioned an assessment of cogeneration potential within San Francisco from Philip Perea.
  In addition to providing a comprehensive summary of the benefits, market opportunities and barriers to adoption of CHP within the city, the SFE report also lists a large number of sites that might have the potential to support CHP projects for on-site needs (Appendices C–G).

The SFE report was followed in 2009 by a report commissioned by the SFPUC from George E. Sancoucy LLC (GES) on the economic and performance characteristics of various kinds of cogeneration technologies, including combustion turbines, microturbines and reciprocating engines.  The GES report evaluated these technologies based on a levelized cost of electricity (LCOE) which incorporated capital, operating and retirement costs over the service life of a cogeneration plant.
Screening Criteria

In assessing the initial feasibility of cogeneration options in San Francisco, SFPUC staff applied three principal screening criteria to the list of possible sites in the SFE report to arrive at a shortlist of locations where cogeneration could feasibly be sited, is being considered, or is being planned.
1. Access to site for evaluation

The SFE report lists numerous downtown office buildings and hotels as potential sites for CHP.  In principle, many of these buildings may be good candidates for CHP.  In reality, some of these may already have micro-cogeneration developed on-site.  However, each building has its own unique thermal characteristics and electrical demand profile.  Each building therefore would require its own detailed site analysis to evaluate its suitability for a CHP plant and to design a system to serve it.  Only building owners with the motivation to install CHP would commit the fairly significant financial resources required for these activities.  

SFPUC staff includes sites in its shortlist where site analyses are known to have been conducted or are under way or planned.

2. Access to thermal load, gas supply, electrical interconnection

The SFE report lists numerous other sites, such as hospitals, high-rises and university and college buildings, as CHP candidates.  As with the downtown office buildings and hotels, the list does not attempt to estimate load characteristics—as this can only be done through a detailed site analysis—but instead lists the total floor area of each building in square feet.
SFPUC staff applied the screening criteria that a potential site must have a known thermal load, access to a gas supply of sufficient volume and an electrical interconnection capable of handling the output.

3. Sites should not already be on NRG’s steam loop

Finally, the SFE report lists numerous downtown locations which are already on the NRG steam loop.  Rather than assessing the feasibility of these locations, SFPUC staff eliminated those sites from the potential list as a centralized cogeneration project at 5th and Jessie would provide better economies of scale with respect to cost and development.

List of Potential Available CHP Sites

Based on these screening criteria, Staff has identified eight locations that can be easily assessed for approximate load, or for which an assessment has already been done, and which have access to the necessary infrastructure.  Unfortunately, not all advantages and disadvantages of each location are known yet.  However, the summary below characterizes each one to the extent it is currently understood.
	Potential Sites for CHP in San Francisco

	     Location
	(MW)

	1.  Treasure Island
	0.5

	2.  Pier 27
	8.5

	3.  Transbay Terminal
	8.0 – 10.0

	4.  UCSF Mission Bay
	16.0

	5.  NRG Station ‘S’ Steam Plant
	5.0

	6.  CCSF Steam Plan
	7.0

	7.  Hunters Point
	8.0

	8.  Park Merced
	7.0

	     Total CHP Potential
	60–62


1. Treasure Island
Treasure Island currently has two 2-MW diesel generators and could potentially support 0.5 MW CHP from wastewater digester gas.

2. Pier 27
Pier 27 can support approximately 8.5 MW of shoreside power for cruise ships.  However, the load forecasts at Pier 27 are erratic as cruise ships dock less than 30 days per year.

3. Transbay Terminal

The new Transbay Terminal and tower can support approximately 8-10 MW of CHP.  The site includes approximately 3 million square feet of retail and commercial space (1 million sq. ft. for the terminal plus 2 million sq. ft for the tower).  Because of its location in downtown San Francisco, the development of CHP at this site could come with potentially high construction costs.
4. UCSF Mission Bay
UCSF Mission Bay can support approximately 16–18 MW of CHP: 6 MW at the Medical Center and 10–12 MW on Campus side.  The Medical Center project is scheduled for commissioning in April 2013 and to be operational by January 2015.  The Campus project, known as the Cogen Utility Plant or CUP, does not have a schedule yet, as the funds are not yet in place.  The Campus indicates that once the project is given a go-ahead, it will take 3–4 years to develop and bring online.  The project will necessitate PG&E extending a 200 MMBtu gas supply from a main near Mariposa Street.

5. NRG Station ‘S’ Steam Plant

Located at Post & Hyde, this site can support approximately 5 MW.
6. City & County of San Francisco Steam Plant

Located at the corner of McAllister & Larkin, this site can support approximately 7 MW.  At present, the steam plant is used only to condense waste steam.  In order to facilitate a combustion turbine at this site, there would need to be additional electrical infrastructure investments as there is currently no electrical interconnection.
7. Hunters Point Development

Phase 1, which is primarily residential development, can support approximately 2 MW.  Phase 2 includes retail, commercial, industrial and possibly a stadium.  The total demand by 2022 is projected to be 8 MW.
8. Park Merced
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Potential CHP Locations

While in its early planning stage, the redevelopment of Park Merced offers up to approximately 7 MW of potential CHP. 

Valuation Method

Although more than 50 MW (the size of one of the existing CTs) of potential for small CHP exists today within San Francisco, combining a number of small units in this feasibility does not produce a linear (i.e. additive) straight swap for a single 50 MW LM6000.  Because of its size, the 50 MW LM6000 has economies of scale that can reduce both the overall installation costs and therefore the levelized cost of electricity generated.
In assessing the financial feasibility for the various potential locations, staff relied on the financial model developed by GES to estimate the levelized cost of electricity of various 5 and 10 MW combustion turbines.
Our initial approach is to modify the installation cost in $/kWh for each of the various potential locations.  The installation cost covers construction costs, so it can be increased or decreased depending where a unit will be sited.  As is likely obvious, the installation costs for downtown locations are typically higher than in than redevelopment sites with abundant space, less traffic and undeveloped existing infrastructure, such as UCSF Mission Bay and Hunters Point.  
The projected output of CHP projects at each location is approximated using the 5- or 10-MW CHP model.  The table below shows inputs and assumptions regarding installation costs, in dollars per kilowatt.

[image: image1.emf]Generic 5-MW CHP installed cost $2,750 

Generic 10-MW CHP installed cost $2,500 

Generic 50-MW CHP installed cost $1,800 

Variance in capital costs by location 15%

Hypothetical downtown 5-MW CHP $3,163 

Hypothetical downtown 10-MW CHP $2,875 

Capacity factor for LM6000 90%

Capacity factor for smaller CHP 85%

Assumptions


Results

Based on these assumptions, the LCOE for each is estimated, with adjustments for location.  The table below summarizes the potential installation costs and the levelized costs over the lifetime of the project.  
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(MW) Cost ($/kW) Electricity ($/MWh)

NRG Station 'S' Steam Plant (Post & Hyde) 5.0 $3,163 $138.84

CCSF Steam Plant (McAllister & Larkin) 7.0 $3,163 $138.84

UCSF Mission Bay Medical Center 10.0 $2,500 $134.75

UCSF Mission Bay Research Center 6.0 $2,750 $133.18

Hunters Point Naval Shipyard - Phase 1 2.0 $2,750 $133.18

Hunters Point Naval Shipyard - Phase 2 44.0 $2,750 $133.18

Treasure Island - replace diesel generation 4.0 $2,750 $133.18

Treasure Island - digester gas from wastewater plant 0.5 $3,000 $145.28

Transbay Terminal 10.0 $2,875 $139.90

Shoreside Power (Pier 27) 8.5 $2,875 $531.72

Park Merced 6.0 $2,750 $133.18

Potential San Francisco Locations for Combined Heat & Power

          Location


NB: Benchmark lifetime cost of electricity for Hetch Hetchy hydropower is $85 / MWh.
Discussion & Recommendations

Ordinance 174-09 requires SFPUC to determine the ‘…initial feasibility and environmental benefit…’ of CHP at prospective sites.  None of the projects investigated above passes the initial feasibility test because their levelized cost far exceeds the existing costs of electricity for SFPUC, which is a blend of Hetch Hetchy generation and in-City renewable projects.  For this reason, we do not go beyond noting the general environmental benefits of CHP relative to other fossil-fuel generation to conduct a detailed investigation of the potential environmental benefits of these specific projects.

None of the projects is large enough to necessitate the purchase of an LM 6000 combustion turbine.  Additionally, since SFPUC is fully resourced, there is currently no additional need for an LM 6000 to serve SFPUC’s existing customer base.    

Although SFPUC has no need for an LM 6000 for municipal projects, these other non-municipal projects could benefit from the City’s participation in reducing some of the barriers to development.  For example:
Development costs
Putting a CHP plant in a dense urban environment significantly increases development costs.  Transportation of equipment is more costly and construction costs are higher, for example.
Location of loads & supply
Not all the best CHP loads are located near the best gas or electrical supplies.  The larger sites identified by staff in this report lie along the eastern corridor of San Francisco because of their proximity to high-voltage transmission and distribution lines and major gas pipelines.
Permitting & compliance
As the SFE report details, CHP projects face an extended sequence of permitting and compliance hurdles, such as environmental assessment, air quality, utility interconnection and construction permitting.
Since the majority of the locations identified above fall within redevelopment areas, the Board of Supervisors is particularly well placed to facilitate the development of CHP within San Francisco through measures at its disposal in support of redevelopment projects.  One initiative in particular would be to require CHP to be investigated as an option and incorporated where possible in all redevelopment projects.  Any legislation which reduces the barriers to adoption of CHP within redevelopment areas is also likely to stimulate development of CHP at other sites whose owners or operators might have been considering it, such as downtown office buildings, hotels, hospitals and college campuses.
� Available from the SFE website at � HYPERLINK "http://www.sfenvironment.org/downloads/library/ciscocogenerationreportpdf.pdf" ��http://www.sfenvironment.org/downloads/library/ciscocogenerationreportpdf.pdf�


� Information provided by Christine Buckley of UCSF and Rob Talbot of PG&E.
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