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ABSTRACT 
 

Despite the importance of the building sector in achieving deep cuts in greenhouse gas 
emissions both rapidly and cost-effectively, this “potential” remains just that – and emerging 
carbon markets have failed thus far to catalyze additional investment. The Pacific Carbon 
Exchange is working toward the creation of an Energy Efficiency Credit (EEC) market, which 
will be applicable to an expanded California Renewable Portfolio Standard (RPS). This energy 
efficiency market will allow utilities to meet part of their RPS obligations by purchasing EECs 
earned by building owner/operators, developers and buildings service providers through their 
investment in building energy efficiency technologies. By lowering energy consumption in 
buildings below a given baseline determined by building energy consumption models for new 
construction and major retrofits, owner/operators can earn EECs (one EEC = 1 MWh saved) that 
could be traded on the open-market against the expanded RPS. Utilities will have the opportunity 
to purchase these credits, alongside renewable energy credits (RECs) and apply them against the 
expanded RPS. Set-asides of allowance allocations will be made through the Air Resource Board 
specifically for the purpose of providing for these energy efficiency credits and to prevent 
double-counting of these emissions under capped sectors. This energy efficiency credit market 
system could potentially create hundreds of thousands of green construction jobs in the moribund 
construction industry in California, as well as reduce GHG emissions by as much as 40% in 
some building sectors. It could be applicable nationwide, and the quantification methodology 
being developed would be extensible for international application under the UN Clean 
Development Mechanism. 

 
Introduction 
 

The single greatest challenges of our generation are global energy consumption and the 
climate change caused by this consumption - a now virtually indisputable fact. On the front line 
of this energy and climate crisis are the single greatest consumers of energy in the developed 
world - buildings. Buildings in the U.S. account for more than 48% of the energy consumed in 
the United States, placing the architecture, engineering and construction (AECO) industry on the 
front lines for leadership in solving the problem.1 Like all great challenges the human species has 
encountered in its existence, we have faced and transcended these challenges through investment 
in technological innovation. The above tests are no different. These challenges present an 
exciting opportunity for public policy, markets, and private investment in the U.S. to respond in 
concert with new solutions. Private capital investment has played an outsize role in the last 30 
years in building the technology edge enjoyed by American startups in high-technology, biotech, 
and transportation. That opportunity is now presenting itself anew with the sustainable building 
movement and the rapid integration of energy efficiency technologies in much of the new 
construction occurring around the world today. 

                                                 
1 U.S. Census Bureau, 2007 U.S. Statistical Abstract, Washington, 2007 
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This paper proposes that California adopt policy that would create a system for tradable 
energy efficiency credits, much like the system for tradable renewable energy credits currently 
under consideration in the California State Assembly, to be used for compliance with the 
California Renewable Portfolio Standard. We believe that the buildings sector is the part of the 
climate change equation with the greatest potential for significantly reducing greenhouse gas 
emissions through the integration of energy efficiency technologies. Based on an existing 
computer modeling platform widely accepted in the AECO sector for quantifying building 
energy modeling and compliance under California Title 24, the energy efficiency market model 
discussed in this paper will create a basis for calculating additional energy-efficiency gains in 
building energy performance above business-as-usual efficiencies in building designs under 
current California building codes.  

We project a potential market for energy efficiency credits in California and the western 
region to be approximately $1-2 billion dollars, based on energy efficiency cost data provided to 
us from the utility sector and the CPUC. Utilities are currently spending between $20-40 dollars 
per MWh on energy efficiency programs with mixed results. There is significant appetite within 
the electricity sector to address energy efficiency costs through the RPS for this reason. It is our 
belief that activating an energy efficiency market where AECO service providers will be 
incentivized to create new business models around revenue streams generated by the trading of 
EECs will significantly scale the investment in and installation of energy-efficiency technologies 
into existing buildings and new building construction projects. These new business models will 
substantially lower costs for the utility sector to encourage energy efficiency investment, and will 
lower capital costs to owner/operators and developers through the creation of new sources of 
asset value and financing, creating a wave of building energy-efficiency technology investment 
and new green construction jobs never before seen in the AECO sector. It is the role of 
investment and emerging environmental commodities markets in the development of this new 
technology sector that we discuss in this paper. 
 
Existing Policy 

 
In September 2008, The California Public Utilities Commission (CPUC) released its 

Long Term Energy Efficiency Strategic Plan, outlining the CPUC’s approach to addressing 
energy efficiency savings in the state for 2009 and beyond.2 The CPUC has committed over $3 
billion dollars to fund a number of energy efficiency programs as part of this strategic plan. 
These programs are a combination of consumer and commercial rebates for the installation of 
energy efficiency technologies in buildings, tax-incentives for the same, and loan programs 
allowing homeowners to finance energy efficiency retrofits of their homes with loans tied to their 
property tax bill.3 One such example rebate allows commercial property owners and residential 
homeowners to receive a rebate of $400 dollars toward the testing and sealing of HVAC systems 
ducts, a service that typically will cost thousands of dollars to execute. The property tax loan 
program was signed into law last year as AB 811, creating a financing mechanism for energy 
efficiency retrofits attached to the real property.  The difficulty with many of these programs is 
they do not necessarily reduce cost of capital investment in these technologies, nor do the myriad 

                                                 
2 Grueneich, Comm. Dian M. California Long Term Energy Efficiency Strategic Plan. (California Public Utilities 
Commission, San Francisco, 2008) 
3 Crabb, Bryan. “Memorandum – AB 811 Contractural Assessments: Energy Efficiency Improvements.” 2008  
http://docs.cpuc.ca.gov/published/Report/80173.htm 
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and complicated list of local and state line-item rebate/tax incentives adequately scale the 
investment and installation of energy efficiency technologies in buildings. 

We believe a more effective approach to scaling energy efficiency technology investment 
is through a combination of market economics and new renewable portfolio standard (RPS) 
policies. The renewable portfolio standard is a regulation that requires the increased production 
of energy from renewable energy sources, such as wind, solar, biomass, and geothermal. Another 
common name for the same concept is renewable electricity standard (RES), which is currently 
being contemplated as national policy as part of comprehensive climate legislation now being 
considered by Congress. The California RPS was initially signed into law in 2002, and stated 
that 20% of all electricity generated in the state had to be from renewable sources by 2017. In 
2008, Gov. Arnold Schwarzenegger raised the CA RPS target to 33% by 2020 (Executive Order 
5-14-08). According to the Center for Resource Solutions and the California Air Resources 
Board, there are currently 29 states in the US with renewable portfolio standards. Fourteen of 
those RPS states also have provisions for tradable renewable energy credits (RECs).4 California 
currently does not allow for the trading of unbundled RECs. Utilities must meet their RPS 
requirements with load firming and shaping rules or the direct purchase of renewable electricity 
from independent sources.  

The tradable renewable energy credit is a complimentary policy instrument to the RPS 
that enables an open market for the trading of the environmental attribute of renewable electricity 
separate, or unbundled, from the electricity itself. In states like Connecticut, Massachusetts, and 
New Jersey, open renewable electricity markets allow the trading of RECs – the environmental 
attribute of renewable energy equal to 1 MWh of renewable electricity generated by wind, solar, 
biomass, or other renewable sources.5 These RECs can be generated by independent energy 
producers (IEPs) who invest in wind, solar, or biomass generation and are sold to utilities for use 
in compliance with their state’s RPS. Utilities can purchase these RECs from the market, 
complementing their own efforts, and offering an alternative for their investment dollars in 
achieving their RPS obligations. REC markets also provide renewable generation capacity 
options to load serving entities (LSEs), who would otherwise be unable to invest in the building 
of renewable generation themselves on a timeline fast enough to meet RPS requirements. 
Tradable RECs allow utilities to support the building of renewable electricity generation 
capacity, independent of the utility itself by providing IEPs with supplemental revenue sources.  
These help justify the immense investments required to build renewable generation projects. 

In addition to existing tradable REC markets, there are also comparative energy 
efficiency credit market models currently working in the European Union (UK, Italy and France) 
and in the United States. Here in the US, “white-tags” are being traded in Connecticut, 
Pennsylvania, and Nevada against each of these state’s individual renewable portfolio standards.6 
White-tags are a tradable financial instrument equal to one-megawatt hour (MWh) of energy 
saved, comparable to a renewable energy credit (1 REC = 1 MWh of renewable energy 
generated). The most significant difference between the white-tags systems in these states and 
this paper’s proposed energy efficiency market is how these credits are issued and traded. White-

                                                 
4 Hamrin, Dr. Jan, Dr. Edward Vine, Amber Sharick. The Potential for Energy Savings Certificates as a Major Tool 
in Greenhouse Gas Reduction Programs. (Center for Resource Solutions, San Francisco, 2007) 
5 Raphaely, Adam. “United States Markets - Renewable Energy Credits.” TFS Green 2009. 
http://www.tfsgreen.com/united-states-markets/renewable-energy-credits.php#REC-back 
6 Hamrin, Dr. Jan, Dr. Edward Vine, Amber Sharick. The Potential for Energy Savings Certificates as a Major Tool 
in Greenhouse Gas Reduction Programs. (Center for Resource Solutions, San Francisco, 2007) 
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tags, as implemented in the Connecticut energy efficiency program, are equivalent to one 
MWh/credit, but are measured as energy not generated at the facility, rather than energy saved 
through energy efficiency technologies downstream in individual buildings. Utilities in these 
white-tags markets are required to purchase a minimum amount of credits to meet the energy-
efficiency portion of their renewable portfolio standard – for example, Connecticut utilities must 
meet 3% of their RPS in 2009 through white tags, 4% in 2010. The market in CT is limited to 
utilities, and the certificates expire after one-year. 

The white-tag model puts ultimate responsibility on the utility sector to meet the energy 
efficiency percentage requirement without adequately incenting the private sector and AECO 
industry to make the huge scale energy efficiency technology investments needed to 
substantively mitigate GHG emissions through energy efficiency in buildings. This difference is 
critical – in order to create a market of sufficient scale to adequately affect real reductions in 
energy usage by millions of buildings in California and billions of square feet of floor space7, 
market incentives to utilize EECs as a revenue generator and cost-reducer must be openly 
available, as should the market be openly available to all who might wish to participate. 

Gov. Schwarzenegger signed the groundbreaking Global Warming Solutions Act (CA 
AB32) in 2006 creating the legislative foundation for a cap-and-trade system in California 
beginning January 1, 2012. Underlying any energy efficiency credit system must be basic cap-
and-trade policy creating the market underpinnings for a tradable credits system. ACEEE 
analysis has shown that energy efficiency gains would be up to 15% stronger if an EEC market 
and RPS were combined with a carbon cap-and-trade system.8 A cap-and-trade model is the only 
market-based solution that is directly tied to emissions reductions through a progressively lower 
cap on allowed emissions.  

Cap-and-trade has generally been directly associated with carbon allowance and offset 
trading, but also applies to other asset types such as RECs and EECs. The first cap-and-trade 
program in history was a result of the Clean Air Act of 1990 and dealt specifically with acid rain 
emissions (sulphur dioxide – SOx). Cap-and-trade is markedly different from a simpler carbon 
taxation approach, which is a straight-through cost to business, not tied directly to emissions 
reductions (as there is no cap on emissions as part of a carbon tax scheme), and devoid of direct 
market-incentives for clean energy and energy efficiency investment. Through a market-based 
system tied to a cap on emissions, such as cap-and-trade, policy-makers are able to create 
adequate market incentive, in the form of a clear emissions price signal, to shift investment away 
from artificially cheap fossil-fuel consumption and toward energy-efficiency, clean energy 
research and development, and the building of renewable energy generation capacity. Business 
as usual will always favor cheap oil, gas and coal, especially when the price of GHG emissions is 
left out of that cost equation.  

 
Our Approach 

 
It has been widely acknowledged that hitting the CA RPS target of 33% by 2020 will be 

difficult to achieve through renewables generation alone. That is why California must create new 
policy initiatives to address the demand side of the RPS equation. The creation of a tradable 
Energy Efficiency Credit (EEC) market, a sister credit to the REC, which would be applicable to 

                                                 
7 U. S. Dept. of Energy, Building Technologies Program, Washington, 2010 
8 American Commission for an Energy Efficient Economy, “Why Efficiency?” Energy Efficiency Works, April 
2009, http://energyefficiencyworks.org/why-effiency 
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the expanded California RPS, is just such an initiative. This EEC credits system would allow 
utilities to meet part of their RPS obligations by purchasing EECs earned by building 
owner/operators, developers and AECO service providers (ASPs) through their investment in 
building energy efficiency technologies. By lowering energy consumption in buildings below a 
given baseline determined by building energy consumption models for new construction and 
major retrofits, owner/operators can earn EECs (one EEC = 1 Mwh saved) that can be traded on 
the open market. Utilities will have the opportunity to purchase these credits, as they do 
renewable energy credits (RECs), and apply them against the expanded CA RPS.  

Energy Efficiency Credits (EECs), like white-tags currently being utilized here in the 
United States in Connecticut and elsewhere, are a financial instrument comparable to Renewable 
Energy Credits (RECs). In the case of new construction, an EEC is created by the difference 
between the Title 24 baseline for a target building project and the lower energy output achieved 
by the installation of energy-efficiency technologies in the new building project, beyond what is 
required by building codes. In the case of existing building retrofits, EECs would be issued for 
the difference between a building average consumption over the last three years and its 
consumption, while occupied, after retrofit. The difference is measured in energy saved per year; 
each MWh mitigated below the baseline renders a single energy-efficiency credit (1 MWh = 1 
EEC). Each building project will have a crediting period, during which credits are issued, 
matching the actual energy saved. The crediting periods will be dependent on a number of 
criteria tied to the aggregate value of energy efficiency measures installed within the building, 
and can range from 5 to 10 years. This means a newly constructed building including energy 
efficiency technology features such as efficient lighting systems, HVAC, co-generation, low-
carbon materials, etc. saving 687,000 kWh/year might generate 687 EECs each year for 10 years 
post-occupancy. These credits, once earned, could then be traded on open environmental 
commodities markets.  

Set-asides of initial carbon allowance allocations will be required to prevent double 
counting of the related energy savings/emission reductions under capped sectors. Because the 
utility sector falls under the carbon GHG cap, utilities will be applying multiple modes of trading 
under cap-and-trade aimed at increasing cleaner sources of generation, for example switching 
fuel stocks from coal to natural gas, and reducing energy demand. To prevent the inadvertent 
double counting of reduction tons (those achieved through fuel switching vs. those achieved 
through energy efficiency savings), a set-aside of the initial allocation of permits to the utility 
sector will be required. This will allow utilities to use a portion of their allocation for compliance 
with the RPS through energy efficiency markets, which will likely be cheaper than carbon 
markets alone. The set-aside prevents those tons reduced through energy efficiency savings from 
also being counted as tons reduced from the resulting lowering of electricity demand. 
 

Energy Efficiency Credit Life Cycle 
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This is a key requirement for energy efficiency markets to work in concert with CO2 
reductions markets. There are a number of factors extant as a function of the complexity of 
power markets that call for a set-aside requirement. California’s power markets are a 
disaggregated mix of investor-owned utilities (IOUs), load-serving entities (LOEs), electric 
service providers (ESPs), municipal power cooperatives, and out-of-state generators/distributers. 
Some parts of the market are vertically integrated, which in a tradable energy efficiency market 
would result in a LOE being able to use carbon allowances, offsets, RECs and EECs 
interchangeably for compliance purposes. It would be possible for a ton of CO2e to be counted 
twice as avoided emissions (ton reduced by an energy efficiency measure) and as reduced 
emissions (ton reduced by drop in demand for electricity production). In this case, the ton 
resulting from avoided emissions and credited as an EEC would need to be deducted from the 
individual carbon cap and used against RPS obligations. By deducting the avoided emission ton 
from a set-aside pool of allowances, double-counting of the ton is avoided and the energy 
efficiency measure is properly awarded.9 

According to the Building Owners and Managers Association (BOMA), as much as 30% 
of a building’s energy consumption is lost through inefficient materials, systems, and 
construction methods. According to the US Dept. of Energy, once operating, buildings consume 
68% of all electricity generated by the grid – 30% of this number by lighting (much of it 
antiquated and inefficient) and 40% by HVAC systems (much of them equally older generation, 
inefficient systems consuming 2.14 quadrillion BTUs of fuel oils and natural gas).10 This energy 
efficiency credit market system will spark huge investments in energy efficiency retrofits of 
buildings in California and create hundreds of thousands of green construction jobs in the 
moribund construction industry in California, as well as reduce GHG emissions by as much as 
40% in some building sectors by replacing aging, highly inefficient lighting, HVAC, glazing, 
and management systems. This EEC market model would be applicable nationwide and make 
California and the western region a clear leader and innovator in energy efficiency and GHG 
emissions reductions policy. 

The AECO industry sector would have substantial incentives along the supply chain of 
design, engineering, construction, and building services to create new business models 
incorporating an EEC market into their revenue projections and service models. AECO service 
providers (ASPs) would be able to approach building owner-operators and real-estate developers 
with the proposition of construction and retrofitting of buildings with energy efficiency 
technologies at low to no cost to the owner/developer. ASPs would be able to build their revenue 
and compensation models on the stream of EECs that would be rendered by the project. These 
EECs might potentially be more valuable to ASPs than current direct cost models that are 
heavily negotiated by owner/developers at the front end of building/retrofit projects. Cost has 
classically been the principal impediment to incorporating energy efficiency technologies in 
buildings due to their long payback periods and difficulty in determining return on investment. 
Tradable EEC markets would remove that cost pressure from the owner/developer and incent 
ASPs to evolve their business models. 
 

                                                 
9 Rezessy S., Bertoldi P., Voogt M. “Bringing End-use Energy Efficiency to the European Emissions Trading 
Scheme – Outlook for the Third Trading Period”. In conference proceedings of the 2008 ACEEE Summer Study on 
Energy Efficiency. Vol. 8. Washington D.C., USA. 
10 U.S. Dept. of Energy, 2007 Report On Industrial Energy Consumption, Washington, 2007 
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Measurement Protocol 
 

The foundation of any energy-efficiency credit market will need to be based on a sound 
building energy-efficiency quantification protocol and our current thinking is that such a protocol 
should rely on building energy simulation modeling, coupled with post-construction / post-
occupancy performance monitoring over time. We propose that this protocol be centered on a 
methodology being developed that is based on calibrated building energy simulations utilizing 
the widely used eQuest/DOE-2.2 building energy simulation software platform developed by the 
State of California for use modeling CA Title 24 building code energy efficiency requirements 
for new buildings construction. 

DOE-2 was originally developed by Lawrence Berkeley National Laboratory in the early 
1980’s (Version 2.0), with continued development through 1993 (Version 2.1E). DOE-2.2 is the 
most up-to-date version of DOE-2 that is now maintained by a private company, J.J. Hirsch and 
Associates (JJH).  In the late 90’s, JJH developed eQuest, a graphical interface and modeling 
environment that makes DOE-2.2 easy to use and accessible to non-specialists. DOE-2 is the 
most widely used building energy simulation program in the world, and has been the basis of 
most performance-based building energy standards in the United States, China, and at least 10 
other countries, as well as being used for voluntary “Green Building” rating systems such as the 
US Green Building Council’s Leadership in Energy and Environmental Design (LEED).  

DOE-2 itself is an engineering program, with a text-based input and output procedure. It 
requires as input a description of: 

 
• The physical building and its space conditioning system 
• Its internal conditions (e.g., schedules for occupancy and lighting) and operations  (e.g., 

thermostat schedules) 
• Hourly weather conditions (e.g., temperature, humidity, wind speed, and solar radiation). 
 

Baseline energy consumption of the benchmark building is calculated by the calibrated 
simulation model. For new buildings, the benchmark building can be a building of the same size 
and shape but with energy measures that are either based on the code (for locations where code 
compliance is good), or typical of the building stock (for locations without codes or where code 
compliance is poor).  For building retrofits, the benchmark building can be the building in its 
pre-existing condition, especially if utility bills are available for calibration. A computer 
simulation will then be performed by project participants to estimate electrical and thermal 
energy savings, and to calculate emissions reductions. 

The calibrated simulation required by the methodology is used to calculate electrical and 
thermal energy savings (from which energy efficiency credits can be derived), by comparing 
baseline energy use with project energy use, which are simulated by running the model with the 
proposed project activity building characteristics under the same operating schedules and interior 
conditions as the benchmark. The methodology-specific user interface for running the DOE-2 
building simulation model provided with this methodology may be used. 
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Table 1:  Emissions Sources Included in or Excluded From the Project Boundary 

 
The main advantage of using a building energy simulation model to determine energy 

savings is that the operating conditions can be held constant, allowing determination of changes 
in energy use resulting from building mitigation efforts. The simulation model produces as 
output the energy consumption, as well as the indoor conditions, of the building. Using the 
program, however, requires in-depth knowledge about how buildings are constructed and 
operated, as well as training. The large amount of inputs can also produce large variations in the 
results, as different users make differing assumptions. 

There have been several efforts to make DOE-2 easier for non-specialists to use by 
providing it with a graphical user interface, of which eQuest has been the most successful and is 
therefore now used for the overwhelming majority of LEED Green Building certifications. In 
addition to making the DOE-2 program easier to use, a graphical user interface such as eQuest 
can also make compliance calculations easier to do and more consistent, by insuring the 
modeling methodology, including the internal conditions and operating schedules, and how the 
reference building is defined, is correctly followed. 

Source Gas Included? Justification / Explanation 

Baseline 

Electricity 
generation 
to supply 
buildings 

CO2 Yes Major source of GHG emissions 
CH4 No  

N2O No  

Thermal 
energy 
generation 
to supply 
buildings 

CO2 Yes Major source of GHG emissions 
CH4 No  

N2O No  

Industrial 
gases in 
HVAC 
systems 

Refrige
rants 
that are 
GHGs 

No To be discussed 

Project 
activity 

Electricity 
generation 
to supply 
buildings 

CO2 Yes Major source of GHG emissions 
CH4 No  

N2O No  

Thermal 
energy 
generation 
to supply 
buildings 

CO2 Yes Major source of GHG emissions 
CH4 No  

N2O No  

Industrial 
gases in 
HVAC 
systems 

Refrige
rants 
that are 
GHGs 

No To be discussed 
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This methodology to determine greenhouse gas emissions reductions utilizes many of the 
same techniques first developed to verify building energy code compliance using whole-building 
energy simulations, including the definition of standard operating conditions, and the use of a 
computer-based benchmark building. The key difference from energy code compliance 
calculations, however, is that the benchmark building needs to be calibrated to the actual energy 
consumption within the local building sector. Calibration is not so important for energy code 
compliance, which is only concerned with relative energy performance, but it is critical for 
correct estimation of the amount of greenhouse gas emissions reductions or energy savings.  
 
Verification & Monitoring 
 

Measurement, verification and certification will be critically important to create a robust 
market in energy efficiency where the quality and veracity of credits must stand to the most 
rigorous standards. A crucial aspect of this proposed methodology is to establish a verification, 
project and credit issuance protocol and, finally,  a monitoring and credit tracking system.  Just 
as a building’s energy usage is dependent not only on the building itself, but also on how it is 
used and operated, so too can building energy simulations produce large variations in building 
energy use depending on the discretion of the user. The key to the proposed methodology is to 
establish rules for producing a benchmark building that are objective and consistent with actual 
energy consumption data, and then embed these rules within the eQuest program and track 
building systems performance over time.  

Monitoring requirements post-construction and post-occupancy will be required to 
continue to assess the efficacy of energy efficiency technologies included in the building and the 
performance of those measures over the project’s crediting period. Monitoring will be critical in 
determining the net value of energy efficiency credits rendered by the new construction or 
retrofit project for the duration of the crediting period. Monitoring will likely be administered by 
running annual building models based on actual energy consumption and weather data for the 
year. Monitoring requirements will be fully drafted once initial modeling development outlined 
in this section has been completed. 

Once projects have been verified, certified, and valid energy efficiency credits issued to 
project owner/developers, a framework will also need to be in place to track the life-cycle of 
these credits from issuance to retirement as a compliance instrument. Therefore a framework, 
much like a similar registry established to verify and certify carbon offset projects and resulting 
offset credits, must be established. This will necessarily include the establishment of an energy 
efficiency building project and EEC credit tracking registry. In the State of California, the 
California Public Utilities Commission (CPUC) and the California Energy Commission (CEC) 
will likely establish the regulations for the formation of this market framework. This regulatory 
framework will also likely include the creation of an organization that will verify and certify new 
construction and retrofit projects for the creation of energy efficiency credits like the California 
NGO, Climate Action Reserve (CAR), and its carbon offset registry. This new organization will 
establish the necessary protocols based on the eQuest/DOE building energy performance models 
discussed above to verify and certify new construction and building retrofit projects as eligible to 
render EECs for trade on environmental markets. Credits themselves would likely carry the 
following attributes: 
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•  Title to credits would be granted to the owner of the building project  
•  Projects would need to be completed by the start date of the EEC market 
•  Range may need to be set on credit prices 
•  Credits will have individual serial numbers and vintages 
•  Certification and verification required to generate credits 
•  Credits will not expire and may be banked 
•  Project technology types will include, but not necessarily be limited to lighting, HVAC 

systems, building envelope, energy co-generation, building management solutions, water 
management solutions, building integrated renewables. 

•  Purchase and trading of EECs will be open to general market interests and not limited to 
any specific player or industry sector. 

 
Certified credits would be issued individual serial numbers, much as carbon reduction 

tons (CRTs) are issued serial numbers in the CAR system, then customer accounts would be 
credited with those serialized EECs to a registry – in the case of EECs we recommend that they 
be tracked by the Western Renewable Energy Generation Information System (WREGIS), the 
same registry which currently tracks renewable energy credits (RECs) in the West. The registry 
ensures project integrity and keeps track of the energy efficiency credits throughout their 
lifecycle. It tracks each credit from project construction, through verification and issuance, 
trading between counter-parties, and finally, to retirement when they are submitted for 
compliance to the Air Resource Board and/or the CPUC. 
 
Case Study – Four Times Square, New York, NY 

 
Four Times Square is a 48-story high-rise comprising over 1.6 million square feet of floor 

space in mid-town Manhattan. Four Times Square was completed in January of 2000 as part of a 
larger project to redevelop 42nd Street. The architecture firm that designed the building, New 
York-based Fox & Fowle, is one of the earliest pioneering US firms in large-scale green building 
projects. Four Times Square was developed by the Durst Corporation and participated in New 
York State Energy & Development Agency’s (NYSERDA) Technical Assistance Services and 
New Construction program pilots for sustainable building.11 

Four Times Square was designed from the beginning to be a cutting-edge sustainably 
designed and constructed building incorporating state-of-the-art energy efficiency building 
technologies to reduce energy and building operating costs by 10-15% below norms for a New 
York City office building. A comprehensive energy efficiency strategy was employed throughout 
the building’s living systems, including lighting, HVAC (heating, ventilation and air-
conditioning), building envelope, and waste management systems. Some of the systems included 
are: high-performance, low u-value window/building envelope, fluorescent and LED lighting 
fixtures with occupancy sensors and a centrally controlled lighting management control system, 
high-efficiency, CFC/HCFC free natural gas-fired absorption HVAC system using variable- 

                                                 
11 NYSERDA. “One of Midtown Manhattan’s Newest Skyscrapers is One of Its Greenest.” 2000 New York State 
Energy & Development Agency 
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speed electric drive pumping units, building integrated photovoltaic systems, domestic hot water 
systems heated by two 200 kW fuel cells12 (which also assist in building heating), and low water-
use plumbing fixtures.13 

Four Times Square’s energy consumption and footprint were modeled using DOE-2 
building simulation models. DOE-2 was used to maximize the energy efficiency strategies 
employed in the design and construction of the building. The results are very instructive of how 
DOE-2 and the EEC market would be used together to execute the market system described in 
this paper. Data available post-occupancy for Four Times Square help demonstrate how the EEC 
system would function and behave, as outlined by this working example of an actual functioning 
building.  

The total budget for Four Times Square was $170/sq ft, totaling $272 million dollars. The 
energy efficiency technology systems incorporated in this building accounted for approximately 
$5.1 million dollars of the overall construction budget, or just under 2% of the initial capital 
expenditure.14 This number does not include high efficiency window glazing incorporated in the 
building envelope budget line items, nor the building-integrated photovoltaic systems which 
would not be eligible for energy efficiency credits. Though high-efficiency glazing systems do 
significantly contribute to a building’s energy efficiency performance, payback periods would 
not directly apply to building envelope, the cost of which is normally depreciated over the useful 
lifetime of the building. 

Post-occupancy, 4 Times Square uses almost 40% less energy than the same building 
built to New York State Energy Code. Its annual electricity consumption is 20,841 MWh/year 
below that baseline and annual energy cost-savings are $1,760,000.15 At that rate of energy 
consumption, the building would generate 20,841 energy efficiency credits per year. If we 
assume that these credits would be rendered for a protocol duration of ten years, this project 
would net 208,410 EECs to the owner/operator and other stakeholders. At a hypothetical price of 
$15-20/EEC16 (based on a reasonable discount to current energy efficiency expenditures per 
MWh by the utility sector) on the environmental markets, those EECs would generate between 
$3.1-4.2 million dollars of additional income, in addition to the $17.6 million in ROI generated 
by annual cost savings below baseline. This creates an estimated pay-back period on the upfront 
capital investment in energy efficiency technologies incorporated into Four Times Square of 1-
1.5 years, well below the minimum three year payback periods commonly cited by the Building 
Owner’s and Managers Association as the threshold for making energy efficiency technology 
investments in buildings.17 

 

                                                 
12 Snoonian, Deborah, P.E. “Green Grows Up.” Architecture Record Innovation. Nov 2004. 42-49 
13 Kaplan, Daniel ed. Lessons Learned Four Times Square. (Earth Day New York, New York, 2000) 
14 Kaplan, Daniel. “Four Time Square.” 2000 http://www.cleanaircounts.org/ 
resources%20package/A%20book/Estar%20buildings/Case%20Study%20-%20Four%20Times%20Square.htm 
15 Gordon, Andrew. “Four Times Square, New York City.” Buildings for the 21st Century. U.S. Dept. of Energy 
2001. 
16 Market pricing for an energy efficiency credit is based a wide number of policy and market factors including 
compliance obligation float size, penalty costs as defined by policy, banking and borrowing definitions, compliance 
periods, and supply and demand as defined by the EEC market. This is a detailed and complex discussion that will 
not be addressed in depth in this paper. 
17 Millan, Naomi. “HVAC Systems.” Facilitiesnet. 2008 http://www.facilitiesnet.com/hvac/article/writing-good-
hvac-specifications--10087 
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Unresolved Issues  
 

Unresolved issues for creating an energy efficiency market in California come down to 
legislative and regulatory initiatives required to create the basis for an energy efficiency market. 
California law must first be passed to create the legal underpinning for creating credits that can 
be used by covered entities to meet their obligations under the California RPS.  Once this legal 
foundation has been set, regulatory agencies including the California Public Utilities 
Commission and the California Energy Commission must then agree upon the rules and 
regulations for the certification, verification and monitoring of building energy efficiency 
projects and their resulting credits. In addition to this legal foundation, a regulatory agency 
framework must be created to regulate an energy efficiency market. This framework would 
include rules-making by the CPUC and CEC for the conduct of the compliancy market, and the 
formation of a registry such as WREGIS (Western Renewable Energy Generation Information 
System) must be designated or created to serialize, track and retire energy efficiency credits 
created by building projects and used for RPS compliance. 

Set-asides to prevent double-counting of emissions reductions in the capped utility sector 
is also a critical issue that must be resolved at the California Air Resources Board in conjunction 
with the CPUC and CEC. Metrics will need to be agreed that equate MWh saved in the energy 
efficiency system with GHG reductions achieved as a result of that demand mitigation. These 
metrics will, of course, depend on the type of fuel, or the mix of fuels involved and reduced by 
the energy efficiency savings. 

Detailed legal ownership issues must also be addressed, especially in relation to 
ownership or even percentage of an EEC when government funds were used through utility 
rebate or loan programs to help pay for energy efficiency investments. This will create 
potentially complex formula that will have to be considered by the energy efficiency registry 
when verifying, certifying, and rewarding EECs to qualifying building projects.  

Once the legal and regulatory framework are put in place, a robust, liquid, transparent 
and open trading market must be encouraged to foster the vast wave of energy efficiency 
investments in California’s buildings that will ensue. This market will create the incentive for 
capital investment in energy efficiency in buildings, the certainty required to support the 
financing that will be needed to spark these construction projects, and a new class of green 
construction jobs that result from this huge surge of investment capital in energy efficiency. 

Finally, this paper only addresses the buildings sector for energy efficiency as it is our 
belief that the largest gains in energy efficiency are available in this arena. We also believe that 
the largest, most scalable potential energy efficiency credit markets will be derived from energy 
efficiency technology integration within the billions of square feet already existing in California 
and beyond. This paper does not address energy efficiency mitigation in industrial and 
transportation sectors where there are many opportunities to incorporate efficiency projects 
within an EEC marketplace. Industrial energy efficiency technologies such as green-house gas 
waste stream separation and sequestration, energy co-generation, and low carbon intensity fuels 
are all legitimate, important sources of energy efficiency gains. Through policies like AB32 and 
the California Low Carbon Fuel Standard (LCFS), these technologies can be integrated in the 
GHG emissions reductions and energy efficiency mix. 
 

8-361©2010 ACEEE Summer Study on Energy Efficiency in Buildings



References 
 
U.S. Census Bureau, 2007 U.S. Statistical Abstract, Washington, 2007 
 
U.S. Dept. of Energy, 2007 Report On Industrial Energy Consumption, Washington, 2007 
 
U. S. Dept. of Energy, Building Technologies Program, Washington, 2010 
 
American Commission for an Energy Efficient Economy, “Why Efficiency?” Energy Efficiency 

Works, April 2009, http://energyefficiencyworks.org/why-effiency 
 
Hamrin, Dr. Jan, Dr. Edward Vine, Amber Sharick. The Potential for Energy Savings 

Certificates as a Major Tool in Greenhouse Gas Reduction Programs. (Center for 
Resource Solutions, San Francisco, 2007) 

 
Crabb, Bryan. “Memorandum – AB 811 Contractural Assessments: Energy Efficiency 

Improvements.” 2008  http://docs.cpuc.ca.gov/published/Report/80173.htm 
 
Rezessy S., Bertoldi P., Voogt M. “Bringing End-use Energy Efficiency to the European 

Emissions Trading Scheme – Outlook for the Third Trading Period”. In conference 
proceedings of the 2008 ACEEE Summer Study on Energy Efficiency. Vol. 8. 
Washington D.C., USA. 

 
Raphaely, Adam. “United States Markets - Renewable Energy Credits.” TFS Green 2009. 

http://www.tfsgreen.com/united-states-markets/renewable-energy-credits.php#REC-back 
 
Musier, Reiner. “US Mandatory REC Markets – An Established Environmental 

Infrastructure.” (APX, Inc., Santa Clara, 2006) 
 
Grueneich, Comm. Dian M. California Long Term Energy Efficiency Strategic Plan. 

(California Public Utilities Commission, San Francisco, 2008) 
 
Detering, Paul. “Unbundled CA REC Market Could Help More Solar Projects Pencil Out.” 

Renewable Energy World. 2009 http://www.renewableenergyworld. 
com/rea/news/article/2009/07/unbundled-ca-rec-market-could-help-more-solar-projects-
pencil-out 

 
Slessor, Catherine. “Building Green.” Architecture Record. Aug 2006. 74-105 
 
Snoonian, Deborah, P.E. “Green Grows Up.” Architecture Record Innovation. Nov 2004. 42-49 
 
Ard, Evan ed. “California: An Environmental State of Uncertainty.” Evolution Market Brief. 

Edition 36. October 8th, 2009  
 
Kamins, Sara and Jack Stoddard. “California’s Renewable Portfolio Standard.” 2008 

California Public Utilities Commision, San Francisco.  

8-362©2010 ACEEE Summer Study on Energy Efficiency in Buildings



Kaplan, Daniel ed. Lessons Learned Four Times Square. (Earth Day New York, New York, 
2000) 

 
Millan, Naomi. “HVAC Systems.” Facilitiesnet. 2008 

http://www.facilitiesnet.com/hvac/article/writing-good-hvac-specifications--10087 
 
NYSERDA. “One of Midtown Manhattan’s Newest Skyscrapers is One of Its Greenest.” 

2000 New York State Energy & Development Agency 
 
Kaplan, Daniel. “Four Time Square.” 2000 http://www.cleanaircounts.org/ 

resources%20package/A%20book/Estar%20buildings/Case%20Study%20-%20Four% 
20Times%20Square.htm 

 
Gordon, Andrew. “Four Times Square, New York City.” Buildings for the 21st Century. U.S. 

Dept. of Energy 2001. 
  

8-363©2010 ACEEE Summer Study on Energy Efficiency in Buildings




