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Abstract 
 
The Santa Rita Jail, located in the city of Dublin, California, is the 5th largest county jail in the 

country. The site encompasses approximately 45 ha and the main buildings cover a million square 

feet. It operates year-round and has stringent requirements for reliable power. To this end, the 

microgrid and distributed energy resources scientists and researchers at the Lawrence Berkeley 

National Laboratory have been involved in the Chevron Energy Services lead project to convert 

the various onsite distributed generation (DG) technologies at the Jail into a true microgrid. 

Currently, the Jail’s technologies include large-scale batteries, photovoltaics (PVs), fuel cells 

(FCs), and wind turbines. Several research papers and reports have already analyzed and 

described the performance, bill savings, and return on investment of the equipment individually 

or together as a microgrid. This document reports the results of the effort at quantifying the value 

of avoided carbon emissions by analyzing the PV and FC performance and energy data from 

2007 to 2011. Using California’s recent cap and trade allowance auction settlement prices, 

estimates of the avoided value of carbon emissions from PV and FC during the 5-year period are 

presented and compared to the counter-factual emissions had the Jail purchased all of its 

electricity from the local utility. The estimated value of avoided emissions is between $116,000 

and $177,000.  
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Introduction 
The Santa Rita Jail (also referred to as SRJ or the Jail in this document), located in the city of Dublin, 

California, is the 5th largest county jail in the country.  The site encompasses approximately 45 ha and the 

main buildings cover a million square feet.  It has an inmate population of over 4,000 and operates year-

round, so it has strong requirement for reliable power. To this end, the microgrid and distributed energy 

resources (DER) scientists and researchers at the Lawrence Berkeley National Laboratory (LBNL or 

Berkeley Lab) have been involved in the Chevron Energy Services lead project to convert the various 

onsite distributed generation (DG) technologies at the Jail into a true microgrid1. Currently, the Jail’s 

technologies include large-scale batteries, photovoltaics (PVs), fuel cells (FCs), and wind turbines. 

Several research papers and reports have already analyzed and described the performance of the 

equipment individually or together as a microgrid see (Marnay, et al., 2012). This document reports the 

results of the effort at quantifying the avoided carbon emissions at the Jail by analyzing the PV and FC 

performance and energy data from 2007 to 2011. Using the recent cap and trade auction settlement prices, 

estimates of the PV and FC avoided emissions and carbon attributed to utility purchased electricity during 

the 5-year period will be presented and compared to the counter-factual emissions had the Jail purchased 

all of its electricity from the local utility.  

This document is organized as follows:  

• The discussion on carbon emissions section serves as an overview of the carbon market (cap and 

trade) in California and the need for greenhouse gas (GHG) accounting. 

• The building and installed equipment section describes the energy characteristics of the Jail and 

its installed DER equipment. 

• The methods section describes the dataset, the data calculations, and the caveats regarding the 

dataset. This section will also describe the jail’s tariff. 

• The results section presents the results of the analysis.  

 

                                                      
1 A microgrid as defined by the International Council on Large Electric Systems (CIGRÉ) Working Group 6.22: Microgrids 
Evolution Roadmap, “Microgrids are electricity distribution systems containing loads and distributed energy resources, (such as 
distributed generators, storage devices, or controllable loads) that can be operated in a controlled, coordinated way either while 
connected to the main power network or while islanded” (CIGRÉ, 2012). The definition used by U.S. DOE is “A microgrid is a 
group of interconnected loads and distributed energy resources within clearly defined electrical boundaries that act as a single 
controllable entity with respect to the grid. A microgrid can connect and disconnect from the grid to enable it to operate in both 
grid-connected or island-mode”(Smith, 2012).  
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Discussion on emissions and cap and trade in California2 
Background on California’s Assembly Bill 32 (AB 32), the Global Warming Solutions Act of 2006, and 

the cap and trade program are covered in this section as a way of introducing the potential of greenhouse 

gas accounting at the Jail, despite its relatively low emissions rate. 

The genesis of cap and trade in California 
Assembly Bill 32 (AB 32), the Global Warming Solutions Act of 2006, requires that California lower its 

greenhouse gas3 (GHG) emissions down to 427 million metric tons of carbon dioxide equivalent 

(mtCO2e) by 2020, which is equivalent to its 1990 GHG emissions. In order to achieve this goal, the AB 

32 Scoping Plan was prepared by the California Air Resources Board (CARB) that outlined the carbon 

reduction strategies to be implemented. These include increasing California’s renewable electricity 

generation, implementing more stringent building standards and energy efficiency programs, establishing 

transportation related emission standards, and last but not least, creating a cap and trade program for 

carbon emissions (California Air Resources Board, 2008). The cap and trade program requires that 

entities emitting over 25,000 tCO2e per year be registered in the program and comply with mandatory 

reporting requirements. Non-covered entities, i.e., those in covered sectors but emitting less than 25,000 

tCO2e, or in sectors not covered, may voluntarily participate and obtain allowances that may be “banked” 

for future use, traded, used to comply with cap and trade regulation, or given back to CARB for 

retirement (California Air Resources Board, 2010). Figure 1 below shows the projected emissions with 

and without the cap, the cap and trade program timeline, and the participants for Phase 1 and 2. As of 

2013, approximately 350 businesses representing 600 to 800 entities are covered by cap and trade, and 45 

opt-in entities (California Air Resources Board, 2013b).  

The 25,000 mtCO2e cutoff for covered entities 
The 25,000 mtCO2e emission threshold was selected for practical reasons. According to the US EPA’s 

Final Rule on Mandatory Reporting of Greenhouse Gases (US EPA, 2009), several GHG reporting 

thresholds on the national level were evaluated: 1,000 mtCO2e, 10,000 mtCO2e, 25,000 mtCO2e, and 

100,000 mtCO2e. The 25,000 threshold was found to be the most suitable and pragmatic because it 

captures approximately 85% of national emissions. If 1,000 mtCO2e were used, the number of entities 

                                                      
2 Much of what is written in this section was previously submitted by the author for another course while at the the Nicholas 
School and also used in a report to the California Energy Commissions (Stadler, Groissböck, Cardoso, Müller, & Lai, 2013). The 
paper is attached in the appendix.  
3 Covered greenhouse gases: carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O), sulfur hexafluoride (SF6), 
hydrofluorocarbons (HFCs), perfluorocarbons (PFCs), nitrogen trifluoride (NF3), and other fluorinated greenhouse gases 
(California Air Resources Board, 2011b). 
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reporting would grow by an order of magnitude while capturing less than 10% of the national emissions.  

If 10,000 mtCO2e were used, the number of reporting entities would double and capture only one more 

percent of national emissions. If 100,000 mtCO2e were used, certain key sectors of the economy would 

be excluded all together. 

Recognizing the lack of benefits from decreasing or increasing the threshold and to align with the US 

EPA’s national GHG reporting requirements, the Cal/EPA and CARB have set the mandatory emissions 

reporting as well as cap and trade enrollment threshold for California to 25,000 mtCO2e.  

Since the Jail contributes negligible amounts of GHG emissions via direct emissions, it would only be 

participating in cap and trade as an opt-in participant.   

 
Figure 1. Cap and trade program timeline and participants (cite myself) 

Which sectors are the big emitters? 
According to CARB’s California Greenhouse Gas Inventory for 2000-2009— by Category as Defined in 

the Scoping Plan, as of 2009, the state of California emitted 456.77 million tCO2e per year, with 

transportation being the top emitter at 172.92 million tCo2e (37.9%), and electricity generation with 

103.58 million tCO2e (22.7%) and industrial with 81.36 million tCO2e (17.8%), see Figure 2 (California 

Air Resources Board, 2011a) 4. Note that the values reported account for direct emissions (defined in next 

section) only. This means that the majority contribution from the commercial and residential sectors, 

42.92 million tCO2e (9.4%), is based on primary fuels (natural gas, coal, etc) that are combusted onsite, 

and the remainder from small commercial cogeneration and other fuels.  

 
                                                      
4 While a Jail may appear to fall under the commercial and residential category, it is actually considered an industrial facility, 
and its utilities are billed at an industrial tariff rate. 
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Figure 2. Million tons of CO2e emitted in California for 2009. Graphic generated based on (California Air 
Resources Board, 2011a). 

Direct, indirect, and other indirect emissions 
According to the WRI/WBCSD GHG Protocol Corporate Standard, Revised Edition and the Climate 

Registry, GHG emissions are generally accounted for in three bins, or “scopes”: (1) direct emissions 

(excluding biogenic sources), (2) indirect emissions (those associated with the use of purchased 

electricity, steam, heating, and cooling), and (3) other indirect, e.g., employee commuting, outsourced 

activities, etc (WBCSD, 2004). Most of the Jail emissions are indirect, i.e., scope 2, those associated with 

utility purchases and not covered by the cap and trade program. The cut-off for being a covered entity for 

cap and trade in California is 25,000 metric tons of CO2 per year of direction emissions. Thus, excluding 

the indirect emissions generated by PG&E, any participation would have to be judged against the 

emissions from the Jail’s burning of natural gas.  
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Jail description 

Jail building (physical) 
The Jail opened in 1989 and is recognized as one of the most technologically advanced jails in the world 

(Alameda County Sheriff's Office, 2013). An aerial of the Santa Rita Jail is shown in the photo below. 

The 4,000 inmates are housed in the 18 chevron-shaped 2-story tall “pods” that surround the two central 

courtyards. The pods with PVs mounted appear to have black/gray roof tops.  

 
Figure 3. Aerial of the Santa Rita Jail (google maps) 

Jail energy and profile summary + tariffs 
The Jail is located within the Pacific Gas and Electric (PG&E) utility territory and serviced under its E-20 

tariff (tariff for customers with maximum demand of 1 MW or more).  The rate has a time-of-use (TOU) 

component and both a coincident maximum demand charge and a facility (non-coincident) demand 

charge.  The tariffs, excluding fees and surcharges, for 2007 through 2011 are shown in Figure 4 below 

and Table 5 in appendix. Note that beginning in May 2010, PG&E’s Peak Day Pricing (PDP)5 structure 

came into effect for large commercial and industrial customers (PG&E, 2013a). The Jail opted-out of the 

program and remains to this day on E-20 with the TOU component only.  

                                                      
5 Peak Day Pricing is a relatively new pricing plan that makes up a component of commercial/industrial and agricultural 
customer’s TOU tariffs. Peak days may be called between 9 and 15 times a year and the cost of energy for the peak hours of 2 pm 
to 6 pm (or optionally, 12 pm to 6 pm for small commercial) increases. In exchange for participation in the program, participants 
pay a lower energy rate ($/kWh) between May and October. High temperatures (98+), CAISO emergencies, and high market 
prices are all potential triggers for PDP being called, as well as for system testing purposes (PG&E, 2013a). For full details of 
program, please visit http://www.pge.com/pdp. 
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Figure 4. PG&E E-20 tariff, primary voltage for 2007 through 2011 (PG&E, 2013b) 
 
The Jail’s average electricity demand for the 5-year span was 1.6 MW, and a peak demand of about 4 

MW. It is also Alameda county’s largest facility and largest utility liability, accounting for 30% of its 

utility budget (Ritchie, 2012). 

installed equipment and descriptions 
The analysis considers the contributions of the following DER installed onsite at the Jail (Alameda 

County Sheriff's Office, 2013; Nuniz, 2012; Thiemann, 2013): 

• 1.2 MW of rooftop PV, installed in 2002. For detailed specs, refer to Table 7 in appendix. The 

cost of the PVs was approximately $9,000,0006.  

• 1 MW molten carbonate fuel cell with heat recovery (for facility hot water and space heating), 

installed in 2006. The cost of the FCs was approximately $3,500,000.  

The DER listed below are not considered as they were installed after the time frame (2009 to 2011) 

covered by this analysis: 

• 2 MW-4MWh Lithium Iron Phosphate battery, installed in 2011 

• five 2.3 kW wind turbines, installed in 2012 

• 275 kW of tracking PV, installed in 2012 

Note that the 2.4 MW of emergency backup diesel generation is also not considered as there is no metered 

generator data available.  Figure 5 shows the layout and locations of the installed DER equipment.  

                                                      
6 The PVs were installed at the same time as the Jail’s chiller replacement and other minor upgrades and insufficient information 
was provided for separating the costs. The total for all improvements made at the time was nine million and is the number used 
here, but obviously an overestimate of the actual PV-only costs.  
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Figure 5.  Layout of equipment at the Santa Rita Jail, modified from (Smith, 2012). 

Methods 
This section describes the data, their origins, assumptions, shortcomings and defects, and what data 

cleaning and analyses were performed on them.  

Data sources 

metered data and utility bills from the Jail 
Raw equipment performance data and total utility purchase information for between 2007 and 2011 have 

been supplied by the Jail. The data are metered at 15-minute intervals in units of power generated (kW) 

for PVs and FC and in units of demand (kW) for PG&E purchases. For 2007 through 2010, no utility 

billing cycles coincided with actual calendar months; for 2011, no billing cycle data was supplied by SRJ.  

data cleaning and calibration 
Much of the data had been cleaned and sanity checked as part of another project and master’s thesis 

which examined the Jail’s potential for demand response (DR) participation, (Thiemann, 2013).  The 

work performed by Thiemann are shown in Figure 17 in Appendix. 

As a result of prior work by others, minimal data cleaning was necessary for this project. The work 

included:  
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• converting 15-minute readings (approximately 131,400 data points per year per equipment) to 

hourly and daily readings (8760 and 365 data points per year per equipment). 

• setting negative FC meter readings (negative power generation) to zero (no output). Negative 

readings are possibly due to meter malfunction.  

 

Figure 6 through Figure 10 show the energy profile of the Jail for years 2007 through 2011. All values are 

in energy units (kWh), and the “savings” (avoided utility purchases) are the sum of the area of the PVs 

and FCs. 
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Figure 6. Jail PV, FC, and utility purchase profile for 2007 
 



 9 

!"

#!!!!"

$!!!!"

%!!!!"

&!!!!"

'!!!!"

(!!!!"

)*+*,-*."#/0"

$!!1"

2*-.34.5"#/0"$!!/" 67.89"#/0"$!!/" :3;*"#/0"$!!/" 63<3=>"#/0"$!!/" ?+>@-*."#/0"$!!/" )*+*,-*."#/0"

$!!/"

)4895"ABCD"EFG"73.+G4=*H"

)4895"AI"EFG"<*;*.4>*H"

)4895"2J"EFG"<*;*.4>*H"

 
Figure 7. Jail PV, FC, and utility purchase profile for 2008 
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Figure 8. Jail PV, FC, and utility purchase profile for 2009 
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Figure 9. Jail PV, FC, and utility purchase profile for 2010 
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Figure 10. Jail PV, FC, and utility purchase profile for 2011 

Yearly utility bills 
Table 1 shows the annual utility bill at the SRJ. Of note is the trade off between natural gas and electricity 

purchases. In 2011, when the FC was minimally operational, more electricity and natural gas had to be 

purchased to meet the Jail’s needs.  
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Table 1. The Jail’s utility costs 
 Electricity 

purchased ($) 
Natural gas for FC 
($, rounded) 

Natural gas for all 
others ($, rounded) 

2007 $981,000 $422,000  $474,000 
2008 $1,121,000 $466,000  $514,000 
2009 $998,000 $406,000  $403,000 
2010 $1,127,000 $317,000  $420,000 
2011 $1,366,000 $130,000  $459,000 

GHG emission factors comparisons: marginal vs average, and CO2 vs CO2e 
Greenhouse gas emission factor (also referred to as emission rate or emissions coefficient) is the amount 

of emissions associated with converting a fuel into electricity, generally given in terms of lb/MWh or 

metric tons/MWh (Bruso, 2011). Coal and natural gas have different CO2 emissions factors and 

renewable sources such as wind, solar, nuclear, are considered to have emission factors of zero. Marginal 

emission factor represents the emission factor of the last generation resource to be dispatched to meet 

demand, which can vary depending on time of day and season. Average emission factor is the total 

amount of energy generated divided by total emissions. 

Emissions can be expressed in terms of CO2 or CO2e. Figure 11 shows a schematic of the difference 

between CO2 and CO2e (UNEP, 2010). Emission factors for CH4 and N2O vary not only based on fuel 

combusted but also on the plant size, efficiency, vintage, and maintenance and operation practices. The 

CH4 and N2O emission factors are then multiplied by the CH4 or N2O Global Warming Potential (GWP) 

values to arrive at their respective CO2e values. Accounting in terms of CO2e, while more complete, is 

not always possible due to the lack of information on CH4 and N2O emission factors. 

 
Figure 11. CO2e calculation example, graphic copied and modified from (UNEP, 2010) 
 
Several emission factors for electricity generation were compared as part of the analysis and summarized 

in Table 2 below. Not surprisingly, average factors tend to decrease over time to account for overall 

improvements in generation efficiency, the marginal factors7 are more resistant to change over time. 

                                                      
7 The last generators to be dispatched, those on the margin and most expensive in terms of energy generated per dollar, tend to 
stay consistent. According to (Mahone, Price, & Morrow, 2009), natural gas power plants are most often the marginal generators, 
though it is possible that coal or hydro will be dispatched last for a few hours a year. 
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Based on a nation-wide study of marginal and average emission factors for the year 2007, the emission 

factors in the area covered by the Western Electricity Coordinating Council (WECC) were determined to 

be 0.464 metric tons of CO2/MWh for marginal emission and 0.462 metric tons of CO2/MWh for 

average (Siler-Evans, Azevedo, & Morgan, 2012). The same study reports the average marginal 

emissions factor for 2006 through 2011 as 0.486 metric tons of CO2/MWh.  

Emission factors from eGrid based on WECC “subregions” were also reported. In this case, the CAMX 

subregion emission factors were 0.309 and 0.299 metric tons of CO2/MWh for 2007 and 2009, 

respectively. Emission factors of 0.310 and 0.300 for 2007 and 2009 in units of metric tons of CO2e were 

also reported by eGrid (US EPA, 2011, 2012a).  

Another study performed by NREL/openEI disaggregated the average emissions in the CAMX subregion 

down to monthly hourly values, i.e., each of the 24 hours of a month has a different emissions factor, and 

a year has 24 hours * 12 months = 288 emissions values (OpenEI, 2011). The advantage of hourly 

disaggregation is that the temporal effects of marginal generation may be observed, and for this work, the 

benefits of the PV and FC can be better estimated.  

PG&E estimates of its own average emission factors and the range is between 0.254 and 0.291 metric 

tons of CO2/MWh (Bruso, 2011).  

Yet another source of estimates was from Energy and Environmental Economics, Inc (E3), a consulting 

company that has reported extensively on GHG emissions to CARB and the CEC. E3 derived estimates 

for marginal and average emissions for CAMX as part of its work in developing a GHG tool for buildings 

in California, as well as a building-specific marginal emissions factor for 2008 (Mahone, et al., 2009).  

The results that are based on eGrid are fundamentally different than those calculated by Mahone, et al. 

Average emission values from eGrid are actual metered or reported emissions data associated with 

generating facilities in the areas specified. In simple terms, emissions in CAMX is summed up and 

divided by the amount of energy generated, and this ignores the effects of imported electricity. The values 

from Mahone, et al. are the simulated results from PLEXOS®, an advanced Mixed Integer Programming 

(MIP) simulation and optimization software (PLEXOS, 2012). A dispatch of every power plant in WECC 

is simulated and the emissions of each plant that generates in California or imports into California is 

summed up and divided by the energy generated.  This latter method tends to result in higher estimates of 

average emissions since imports on average emit at a higher rate compared to California-based 

generators.  

Marginal emission values are not directly available from eGrid because the operations data from all plants 

do not show the dispatch order or which plant operates on the margin. However, a “non-baseload output 

emissions rate” is calculated and described as “a slice of the system total mix, with a greater weight given 

to plants that operate coincident with peak demand for electricity” (Rothschild & Diem, 2009). The 
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capacity factor of the plant is used to determine whether it operates coincident with peak demand; those 

with low capacity factors (c.f. ≤ 0.2) are assumed to be non-baseload (Diem, 2009; Diem & Quiroz, 2012; 

Rothschild & Diem, 2009). While the non-baseload output emission rates are not referred to as marginal 

emissions rate in eGrid, their use and applicability is similar, i.e., both are appropriate for estimations of 

reduced emissions from energy efficiency and renewable energy projects. As reference, maps showing the 

WECC, CAMX, and PG&E territory are shown in Figure 18 in Appendix.  

Table 2. Comparison of GHG emissions factors in units of average, marginal, or non-baseload CO2 or CO2e 
Area: data source (source) units 

(metric tons of ? / MWh) 
2007 2008 2009 2010 2011 

CO2 (avg) 0.309  0.299   CAMX: eGrid (US EPA, 2011, 2012a) 
CO2e (avg) 0.310  0.300   
CO2 (“non-baseload”) 0.474  0.451   CAMX: eGrid (Diem & Quiroz, 2012; US 

EPA, 2011) CO2e (“non-baseload”)   0.452   
CO2 (avg)  0.244    CAMX: Plexos® (Mahone, et al., 2009) 
CO2 (marginal) 0.490     
CO2 (avg) 0.462     
CO2 (marginal) 0.464     

WECC: eGrid (Siler-Evans, et al., 2012) 

CO2 (marginal, avg of 2006-2011) 0.486 0.486 0.486 0.486 0.486 
WECC: eGrid (hr avg, (OpenEI 2011) CO2 (avg)  0.369    
WECC: eGrid (peak hr.ly avg, OpenEI) CO2 (avg)  0.345    
PG&E area: PG&E (Bruso, 2011) CO2 (avg) 0.288 0.291 0.261 0.254 0.254 
CA bldgs: Plexos® (Mahone, et al., 2009) CO2 (marginal)  0.535    
Note: “non-baseload” assumed to be equivalent to marginal. 
 
Figure 12 graphically shows the various emission factors. The emission factor for natural gas is inserted 

for comparison purposes. 

 
Figure 12. Comparison of emission factors, non-baseload grouped with marginal (note y-axis starts at 0.2). 
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To summarize, the marginal emissions range is 0.451 to 0.535, and the average emissions range is 0.244 

to 0.369. Assuming the “real” emissions factor is somewhere within this range, the minimum of 0.244 

and maximum of 0.535 have been used in the calculations to derive the range for potential benefits.  

Determining “avoided grid generation” 
For every unit of energy the Jail generates energy onsite, it displaces the same amount in utility purchases 

and an even greater amount of generation at the power plant. This avoided grid generation takes into 

account the losses in transmission and distribution (T&D). The Greenhouse Gas Protocol: Guidelines for 

Quantifying GHG Reductions from Grid-Connected Electricity Projects by WRI outlines the following 

formula for determining avoided grid generation (Broekhoff, 2007):  

 

GENproj,t = St / (1-L) 
Where: 

GENproj,t = over time period, t, total grid generation avoided, for project proj;  

St = over time period, t, total electricity savings; and 

L = average T&D loss in territory reported as a fraction. 

 

St is calculated from the time series metered data. L varies by time period (on peak, mid peak, or of peak, 

season, and year) and distance from generation. For simplicity, a loss factor of 1.109 (loss rate of 9.83%) 

loss is assumed for this analysis (Wong, 2011)8.  

Natural gas emission factor 
Unlike electricity generation, there is little variation in natural gas emission factor since it is the actual 

fuel being combusted for electricity (or heat) generation. An emission factor of 0.508 metric tons per 

MWh is used for analysis based on the estimate from (US EIA, 2013).  

Avoided NG purchases 
The yearly avoided natural gas purchases is calculated as follows:  

 

NGavoided = (FCNGpurchased * 0.60) - (FCenergygenerated / 0.0293) 
 

                                                      
8 Depending on the type of analysis, different loss factors may be more appropriate. According to table ES-1 of (Wong, 2011) 
and accompanying text, 1.109 can be used as the factor for avoided cost calculations for DER/DR. Since the savings from PV 
will occur mostly on peak, the 1.109 factor corresponding to a loss rate of 9.83% for the PG&E territory is deemed more 
appropriate in this analysis than, for example, the 7.8% loss used by CARB for its in-state California-wide emissions reduction 
calculations.  
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where: 

NGavoided = avoided NG purchases, in therms; 

FCNGpurchased = NG purchased for FC, in therms; 

0.60 = total efficiency of FC; 

FCenergygenerated = electricity generated by FC, in MWh; and  

0.0293 = therm to MWh conversion factor 

The cost of PV and FC 
The PVs (and other efficiency improvements that were put in place at the same time) were approximately 

$9,000,000 in 2002. Assuming a 20 year life and 3% rate, the PVs cost approximately $587k per year. 

The fuel cell cost $3,500,000 in 2006.  Assuming a 15 year life and 3% rate, the FCs cost approximately 

$421k per year. Together at $1,008k per year, these costs are to be compared to the value of avoided 

generation for electricity and avoided purchases for natural gas, avoided carbon emissions, and the cost of 

carbon under the cap and trade program.  

The cost of carbon 
The first two cap and trade auctions in California took place in November 2012 and February 2013. The 

settlement prices for 2013 allowances, $10.09 and $13.63 from the two auctions are used as proxy for the 

value of carbon for this analysis. The auction and settlement results are in Table 3. The percentage not 

purchased by covered entities is the percentage purchased by opt-in entities. The Jail would be considered 

an opt-in if it were to participate in cap and trade.  

Table 3. Results of the first two cap and trade allowance auctions (California Air Resources Board, 2012, 
2013a) 
 2012-Nov 

auction 
2013-Feb 
auction 

reserve $10.00 $10.71 
settlement price $10.09 $13.62 
allowances available (millions) 23.1 12.9 
% sold 100% 100% 

2013 
allowances 

% purchased by covered entities 94% 88.15% 
    

reserve $10.00  
settlement price $10.00  
allowances available (millions) 39.5  
% sold 14%  

2015 
allowances 

% purchased by covered entities 91%  
    

reserve  $10.71 
settlement price  $10.71 
allowances available (millions)  9.6 
% sold  46% 

2016 
allowances 

% purchased by covered entities  100% 
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Data and analysis limitations  

Equipment not performing at rated power and meter malfunctions 
The performance of the PVs and FCs vary through out the 5-year time frame. The 1.2 MW PVs have 

historically output at a max rate of 600 kW, about half of rated, and the 1 MW FCs has had long stretches 

of down time. In addition, the metering equipment at the jail has been at times unreliable. For example, 

for more than half a year in 2011, the readings for FCs were unavailable.  Thus, it is unclear if the FCs 

were operating at the time and how much they were generating. The analysis looks at the avoided 

purchases based on metered performance and data at hand, inclusive of the under-performance and meter 

malfunctions.  No attempts were made to reconcile or fix these types of data deficiencies.  

Weather and temperature variability 
The peaks in demand may be caused by extreme weather or temperatures. Unless otherwise noted, the 

analysis assumes the weather for these five years are typical and the savings are typical as well.  

Existing Load shifting or shedding and demand response behaviors 
The analysis assumes that the Jail’s utility purchases take into account PG&E’s high demand charge 

during summer peak hours, lowest in 2008 at $10.51/kW and highest in 2009 at $12.62/kW.  In other 

words, the Jail may be purchasing less energy during certain hours due to load shifting or load shedding 

as well as due to onsite generation, but the analysis cannot account for these savings. 

Emissions from natural gas consumption  
The avoided emissions calculations are based on electricity only. The natural gas purchases and 

associated emissions are not considered.  

Efficiency measures installed between 2007 and 2011 
The Jail introduced several energy efficiency measures during the years of the analysis. These included 

retrofitting of toilets, showers, and values, and also retrofits of both indoor and outdoor lighting (cite 

matt’s cheat sheet). The savings (both $ and carbon avoided) of these efficiency measures are aggregated 

in with the energy savings from the installation of the DG equipment and cannot be easily separated.  

Billing cycles not aligned with calendar months 
The utility billing cycles are not aligned with the calendar months, and the number of billing days vary 

between 15 and 40 days per bill. No efforts were made to shift the dates of the billing cycles to match 

calendar months. All calculations of avoided savings are based on calendar months or on annual basis.  
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Results and conclusions 

Avoided electricity generation and avoided natural gas purchase 
Figure 13 compares the yearly avoided generation results of installed PV and FC at the Jail with the 

purchases. Both the avoided and purchased natural gas values have been converted from therms to GWh 

to facilitate comparison and presentation on the same graphic with electricity. The avoided generation for 

electricity is the onsite PV generated values multiplied by the 1.109 T&D loss factor, and for natural gas 

is the avoided purchases for domestic hot water due to FC waste heat utilization.  

Years 2007 and 2008 are similar; the avoided values are approximately 16% of the total yearly energy 

requirements. The best performing year, 2010, saw 5.975 GWh avoided, which was enough to offset close 

to 19% of total energy requirements. The second best year, 2009, had 5.891 GWh avoided, which offset 

over 20% of total energy requirements (the total requirements were lower in 2009). The worst year, 2011, 

was caused by the fuel cells’ subpar performance; avoided generation was around 11% of total energy 

requirements.  

 

 
Figure 13. Avoided generation at the Jail 
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Avoided carbon emissions 
Using the avoided generation values from the previous section, annual low and high estimates for avoided 

carbon emissions were calculated using emission factors of 0.244 (lowest of the average emission factors) 

and 0.535 (highest of the marginal emission factors) metric tons of CO2/MWh for electricity and 0.508 

metric tons of CO2/MWh for natural gas, see Figure 14. Note that since there is only one emission factor 

estimate for natural gas, the low and high estimates are the same. Not surprisingly, the years with higher 

avoided generation also have higher avoided emissions, and vice versa.  

 
Figure 14. Avoided carbon emissions at the Jail 

Estimates for value avoided carbon emissions 
Estimates for the value of avoided carbon emissions were calculated by multiplying the low and high 

(0.244 and 0.535) emission estimates from the previous section with the low and high ($10.09 and 

$13.62) cap and trade settlement prices, see Table 4. The lowest estimate of the value of avoided carbon 

emissions is the product of the lower emissions rate and the lower carbon price, shown in column e, and 

the highest estimate is the product of the higher emissions rate and the higher carbon price, shown in 

column h.  



 19 

 
Table 4. Estimated values of avoided carbon based on low and high cap and trade settlement prices 

value of avoided emissions 
($, rounded to thousand) 

 avoided emissions 
(metric tons CO2/MWh) 

$10.09 / metric ton $13.62 / metric ton 
 Cost of PV+FC 

($, rounded) 
low 

(0.244) 
high 

(0.535) 
low 

(0.244) 
high 

(0.535) 
low 

(0.244) 
high 

(0.535) 
a. b. c. d. e. f. g. h. 

2007  $1,008,000  2,099 2,432  $21,000   $25,000   $29,000   $33,000  
2008  $1,008,000  2,272 2,605  $23,000   $26,000   $31,000   $35,000  
2009  $1,008,000  2,704 3,022  $27,000   $30,000   $37,000   $41,000  
2010  $1,008,000  2,783 3,061  $28,000   $31,000   $38,000   $42,000  
2011  $1,008,000  1,596 1,908  $16,000   $19,000   $22,000   $26,000  

Total  $5,040,000  11,453 13,028  $116,000   $131,000   $156,000   $177,000  
Note: the low and high emission rates apply for electricity avoided (PV) and that a 0.508 emission factor, not shown, applies to 
natural gas (FC).  
 

Conclusion: participation in cap and trade unlikely 
While the Jail is not a covered entity under the California cap and trade program, it can elect to be an opt-

in participant. However, its low annual emissions rate translates to rather insignificant earnings relative to 

its utility costs (Table 1), and so participation in the program would be unrealistic.  
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Appendices 

Prior paper on cap and trade 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PG&E E‐20 TOU Tariff, primary voltage 
The time-of-use tariff for the Jail is shown in Table 5 below.  Note that the rates shown exclude fees, 
taxes, and surcharges, and the fixed costs ($26.83/day through December 2007 and $32.85/day through 
December 2011).  
Table 5. PG&E E-20 tariff for 2007 through 2011 (PG&E, 2013b) 

  Summer 
only 

Max Peak 
demand 
($/kW) 

Part-
Peak 

demand 
($/kW) 

Max 
demand 
($/kW) 

Summer 
only 

Max Peak 
energy 

($/kWh) 

Part-
Peak 

energy 
($/kWh) 

Off-Peak 
energy 

($/kWh) 

Jan  $0.83 $4.57  $0.08300 $0.06865 
Feb  $0.83 $4.57  $0.08300 $0.06865 
Mar  $0.80 $5.04  $0.08266 $0.06832 
Apr  $0.80 $5.04  $0.08266 $0.06832 
May $11.88 $2.72 $5.04 $0.12385 $0.09183 $0.06527 
Jun $11.88 $2.72 $5.04 $0.12385 $0.09183 $0.06527 
Jul $11.88 $2.72 $5.04 $0.12385 $0.09183 $0.06527 
Aug $11.88 $2.72 $5.04 $0.12385 $0.09183 $0.06527 
Sep $11.88 $2.72 $5.04 $0.12385 $0.09183 $0.06527 
Oct $11.88 $2.72 $5.04 $0.12385 $0.09183 $0.06527 
Nov  $0.80 $4.85  $0.08267 $0.06833 

2007 

Dec  $0.80 $4.85  $0.08267 $0.06833 
Jan  $0.63 $5.48  $0.07682 $0.06759 
Feb  $0.63 $5.48  $0.07682 $0.06759 
Mar  $0.64 $5.84  $0.07667 $0.06743 

2008 

Apr  $0.64 $5.84  $0.07667 $0.06743 
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May $10.51 $2.43 $5.85 $0.12896 $0.08754 $0.06966 
Jun $10.51 $2.43 $5.85 $0.12896 $0.08754 $0.06966 
Jul $10.51 $2.43 $5.85 $0.12896 $0.08754 $0.06966 
Aug $10.51 $2.43 $5.85 $0.12896 $0.08754 $0.06966 
Sep $10.51 $2.43 $5.85 $0.12896 $0.08754 $0.06966 
Oct $11.43 $2.63 $5.85 $0.14081 $0.09525 $0.07554 
Nov  $0.64 $5.85  $0.08176 $0.07178 

 

Dec  $0.64 $5.85  $0.08176 $0.07178 
Jan  $0.67 $6.18  $0.07904 $0.06869 
Feb  $0.67 $6.18  $0.07904 $0.06869 
Mar  $0.67 $6.60  $0.08787 $0.07675 
Apr  $0.67 $6.60  $0.08787 $0.07675 
May $12.62 $2.90 $6.60 $0.15366 $0.10295 $0.08097 
Jun $12.62 $2.90 $6.60 $0.15366 $0.10295 $0.08097 
Jul $12.62 $2.90 $6.60 $0.15366 $0.10295 $0.08097 
Aug $12.62 $2.90 $6.60 $0.15366 $0.10295 $0.08097 
Sep $12.62 $2.90 $6.60 $0.15366 $0.10295 $0.08097 
Oct $12.62 $2.90 $6.60 $0.15405 $0.10334 $0.08136 
Nov  $0.67 $6.60  $0.08826 $0.07714 

2009 

Dec  $0.67 $6.60  $0.08826 $0.07714 
Jan  $0.74 $6.68  $0.08943 $0.07899 
Feb  $0.74 $6.68  $0.08943 $0.07899 
Mar  $0.74 $7.52  $0.09048 $0.08004 
Apr  $0.74 $7.52  $0.09048 $0.08004 
May $12.10 $2.80 $7.52 $0.15228 $0.10453 $0.08391 
Jun $12.02 $2.78 $7.12 $0.15228 $0.10453 $0.08391 
Jul $12.02 $2.78 $7.12 $0.14958 $0.10197 $0.08140 
Aug $12.02 $2.78 $7.12 $0.14958 $0.10197 $0.08140 
Sep $12.02 $2.78 $7.12 $0.14958 $0.10197 $0.08140 
Oct $12.02 $2.78 $7.12 $0.14958 $0.10197 $0.08140 
Nov  $0.72 $7.12  $0.08794 $0.07753 

2010 

Dec  $0.72 $7.12  $0.08794 $0.07753 
Jan  $0.82 $7.45  $0.08585 $0.07664 
Feb  $0.82 $7.45  $0.08585 $0.07664 
Mar  $0.80 $7.95  $0.08718 $0.07800 
Apr  $0.80 $7.95  $0.08718 $0.07800 
May $10.98 $2.57 $7.95 $0.14160 $0.09939 $0.08128 
Jun $10.98 $2.57 $7.95 $0.14160 $0.09939 $0.08128 
Jul $10.98 $2.57 $7.95 $0.14160 $0.09939 $0.08128 
Aug $10.98 $2.57 $7.95 $0.14160 $0.09939 $0.08128 
Sep $10.98 $2.57 $7.95 $0.14160 $0.09939 $0.08128 
Oct $10.98 $2.57 $7.95 $0.14160 $0.09939 $0.08128 
Nov  $0.80 $7.95  $0.08718 $0.07800 

2011 

Dec  $0.80 $7.95  $0.08718 $0.07800 
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NREL/openEI hourly emission factors by month 
Figure 15 shows hourly emission factors as calculated by NREL and shown in openEI for 2008. The 
hours during which the PVs are most useful are also the hours when the emission factors tend to be lower. 
The average emissions using this method is 0.369 metric tons/MWh. Blue vertical lines block off the peak 
demand hours. Figure 16 shows the emission factor variation for the peak hours only, and the average for 
peak hours is 0.345 metric tons/MWh.  
 

 
Figure 15. Comparison of monthly hourly emissions factors from openEI (OpenEI, 2011).  
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Figure 16. Comparison of monthly hourly emissions factors from openEI, peak hours only (OpenEI, 2011).  
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Figure 17. Data cleaning and calibration performed by Thiemann prior to the work performed in this 
analysis (Thiemann, 2013) 
 
Table 6. Summary table of the Jail’s yearly onsite generation (PV and FC), avoided generation, and PG&E 
purchases (all values in MWh) 

 2007 2008 2009 2010 2011 

 Onsite 
gen. 

Gen. 
avoided 

PG&E Onsite 
gen. 

Gen. 
avoided 

PG&E Onsite 
gen. 

Gen. 
avoided 

PG&E Onsite 
gen. 

Gen. 
avoided 

PG&E Onsite 
gen. 

Gen. 
avoided 

PG&E 

Jan 720 799 532 658 730 607 375 416 811 553 614 578 29 33 996 

Feb 422 468 693 682 757 480 345 383 728 561 622 453 58 64 933 

Mar 656 727 546 288 319 984 594 659 605 634 703 495 67 75 989 
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Apr 629 698 582 637 707 589 570 632 595 505 560 598 104 115 932 

May 791 877 524 693 768 637 677 751 569 533 591 605 119 131 988 

Jun 783 868 543 622 690 618 705 782 525 612 678 574 119 132 1009 

Jul 700 777 715 577 640 828 733 813 576 417 462 819 319 354 925 

Aug 772 856 648 782 867 624 735 815 621 397 441 765 794 880 452 

Sep 784 869 590 228 253 1111 690 765 637 260 288 917 459 509 767 

Oct 420 465 857 312 346 989 581 645 661 176 195 1048 95 105 1079 

Nov 52 57 1191 53 59 1154 576 638 545 336 372 753 78 86 989 

Dec 336 373 947 38 43 1215 631 700 525 90 100 1008 393 436 713 

Totals 7064 7833 8367 5571 6178 9836 7212 7998 7400 5072 5625 8613 2633 2920 10774 
 
Table 7. Specification of the Jail PV system (HU = housing unit) (Dierckxsens, 2009) 

 
 
 

 
Figure 18. Left to right: WECC territory, CAMX subregion, and PG&E territory (white area only) (US EPA, 
2012b) 
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