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Building Energy Efficiency in India: Compliance Evaluation of Energy Conservation
Building Code

Sha Yu, Meredydd Evans, Alison Delgado

Pacific Northwest National Laboratory

Introduction

India is experiencing an unprecedented construction boom. The country doubled its floorspace
between 2001 and 2005 and is expected to add 35 billion m? of new buildings by 2050 (Shnapp
and Laustsen, 2013). Buildings account for 35% of total final energy consumption in India today,
and building energy use is growing at 8% annually (Rawal et al., 2012). Studies have shown that
carbon policies will have little effect on reducing building energy demand (Chaturvedi et al.,
2014; Yu et al., 2014). Chaturvedi et al. (2014) predicted that, if there are no specific sectoral
policies to curb building energy use, final energy demand of the Indian building sector will grow
over five times by the end of this century, driven by rapid income and population growth. The
growing energy demand in buildings is accompanied by a transition from traditional biomass to
commercial fuels, particularly an increase in electricity use. This also leads to a rapid increase in
carbon emissions and aggravates power shortages in India. Growth in building energy use poses

a challenge for the Indian government.

To curb energy consumption in buildings, the Indian government issued the Energy
Conservation Building Code (ECBC) in 2007, which applies to commercial buildings with a
connected load of 100 kW or 120kVA. Previous studies estimated that the implementation of
ECBC could help save 25-40% of energy, compared to reference buildings without such energy-
efficiency measures (IEEMA, 2007; Tulsyan et al., 2013). However, the impact of ECBC
depends on the effectiveness of its enforcement and compliance. Currently, the majority of
buildings in India are not ECBC-compliant. The United Nations Development Programme
projected that code compliance in India would reach 35% by 2015 and 64% by 2017 (UNDP,
2011). Whether the projected targets can be achieved depends on how the code enforcement

system is designed and implemented.



Although the development of ECBC lies in the hands of the national government — the Bureau of
Energy Efficiency under the Ministry of Power, the adoption and implementation of ECBC
largely relies on state and local governments. Six years after ECBC’s enactment, only two states
and one territory out of 35 Indian states and union territories formally adopted ECBC and six
additional states are in the legislative process of approving ECBC (BEE, 2013). There are several
barriers that slow down the process. First, stakeholders, such as architects, developers, and state
and local governments, lack awareness of building energy efficiency, and do not have enough
capacity and resources to implement ECBC. Second, most jurisdictions have not yet established
effective legal mechanisms for implementing ECBC; specifically, ECBC is not included in local
building by-laws in most jurisdictions or incorporated into the building permitting process.
Third, there is not a systematic approach to measuring and verifying compliance and energy
savings, and thus the market does not have enough confidence in ECBC.

Previous studies and reports have addressed the first and second barriers. Kumar et al. (2010),
Rawal et al. (2012), and Williams and Levine (2012) identified implementation strategies to
improve capacity and remove institutional barriers. The study by Yu et al. (2012) and the
Administrative Staff College of India and the Natural Resources Defense Council (2012)
provided suggestions on motivating stakeholders and implementing ECBC at the state level. Yu
et al. (2013) and the Shakti Foundation (2013) proposed using third-party inspectors to help
states build capacity and roll out ECBC implementation rapidly. However, none of the previous
studies provides solutions on how to evaluate ECBC compliance and associated energy savings.
Compliance evaluation is critical. It helps build confidence in the private sector and facilitates
deployment of energy efficiency technologies. In addition, compliance evaluation can help roll
out implementation, as state and local governments can prioritize areas for enforcement and

develop incentives and penalties based on evaluation results.

Energy codes achieve energy savings only when projects comply with codes, yet only a few
countries measure compliance consistently. China and the U.S. appear to be two countries with
well-developed evaluation systems, which over time, if applied consistently, will likely help
raise compliance. The United States recently developed methodologies measuring compliance
with building energy codes at the state level. China has an annual survey investigating code
compliance rate at the design and construction stages in major cities. Like many developing



countries, India has only recently begun implementing an energy code. International experience
on code compliance may provide ideas on building strong compliance assessment into India’s
code system from the outset. In this paper, we examine lessons learned from the U.S. and China
on compliance assessment and provide information on options for conducting compliance
evaluation, which could help national, state, and local governments in India to improve

compliance and speed up ECBC implementation.

Importance of Code Compliance Evaluation

Studies have shown that robust enforcement and high compliance rate is critical to achieving
intended energy savings and that improvement in the stringency of energy codes does not matter
when the compliance rate is low (Harper et al., 2012; Nordeen, 2013; Stellberg, 2013; Yu et al.,
2014). Effective compliance and enforcement unlock deeper energy savings, reduce costs,

increase building resale value, and minimize environmental impact.

This paper focuses on compliance evaluation, which refers to a set of processes and procedures
through which factual information is provided, assessed, and checked to determine whether
buildings effectively meet respective energy code requirements. Compliance evaluation can play
a key role in building trust among stakeholders and instill confidence in the market to deploy and
invest in energy-efficient building technologies. It is crucial to develop a common methodology
for compliance evaluation for purposes of accountability and credibility of the codes program.
Compliance evaluation can also help state and national governments track the progress of ECBC

implementation.

Compliance evaluation is critical to designing effective policies, because it allows policy makers
to make improvements to programs over time based on hard data. Comparison between Denmark
and Sweden provides a sharp focus on the importance of evaluation in policy making. Denmark
has robust evaluation of most of its energy efficiency programs and has made a concerted effort
to learn from its evaluations in developing policy and long-term strategy. For example, on the
issue of building energy codes, Denmark’ has adjusted its compliance procedures over time to

improve compliance; as a result, energy consumption per unit of floorspace in all of its buildings

! Appendix A briefly describes the compliance system in Denmark.

3



has declined greatly in recent years. Sweden, in contrast, has not conducted substantial
evaluation, and its results in terms of building energy performance, while noteworthy, have not
been as robust. New buildings in Sweden today may be less efficient than they were in the late
1980s, even though the requirements are more stringent today (DEA, 2012; Evans and Yu, 2013;
GBPN, 2013; McCormick and Neij, 2009; SBi, 2008; SEA, 2012, 2013).

As India just started its energy code implementation, conducting compliance evaluation can help
Indian policy makers to identify potential problems in ECBC implementation and make
improvements accordingly. Compliance evaluation will also help India achieve its intended

energy savings and emissions reductions through ECBC.

It is also important to note that compliance evaluation is different from regular compliance
checks that are used to enforce energy codes. Compliance checks are part of the code
enforcement procedures; code officials or third-party inspectors check and verify if a single
building complies with the requirements of the codes at the design and construction stages and
then issue building permits. In contrast, compliance evaluation assesses the overall compliance
rate of all buildings and may involve using statistical methods instead of checking every single
building. Compliance evaluation can identify major issues in code compliance based on large
building stocks and survey results and help policy makers prioritize areas for improvements.
Another difference is that compliance checks are usually conducted during the building’s design
and construction, and compliance evaluation is often used in a retrospective way to assess if

buildings are code compliant (Figure 1).
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Figure 1. The cycle of energy code development and implementation

Although compliance checks and compliance evaluation are different, they share steps that
determine if the building is code compliant. Box 1 lists the basic steps in compliance checks, and
many of these steps are also used in compliance evaluation, including review of building plans
and specifications; evaluation of products, materials and equipment specifications; review of
tests, certification reports and product listings; review of supporting calculations. In addition to
using evaluators to inspect buildings based energy code requirements, compliance evaluation
also analyzes data collected from individual buildings and generates an overall compliance rate

at the national or state levels.

Box 1. Basic compliance check steps in energy code enforcement
e Review of building plans and specifications

e Evaluation of products, materials and equipment specifications
e Review of supporting calculations
¢ Inspection of the building and its systems during construction

e Review of tests, certification reports and product listings for installed
materials

e Evaluation of materials substituted in the field
e Inspection immediately prior to occupancy

Source: (DOE, 2013).




Energy Code Compliance Evaluation in the U.S.

Like India, in the United States, adoption and enforcement of energy codes falls under the
purview of states and localities. As building energy codes in the U.S. become more stringent, the
U.S. building energy program started to focus on compliance and developed a plan to achieve
90% compliance with the model energy code by 2017, which requires active training and
enforcement programs as well as annual measurement of the rate of compliance. Many states,
territories, and jurisdictions are creating plans and mechanisms to measure and improve
compliance with their energy codes. To support these efforts, the U.S. Department of Energy?
developed a guide to help state and local jurisdictions to measure and report energy code

compliance, supplemented by an online tool to generate statistically representative samples.

Assessing compliance

Compliance evaluation proposed in the U.S. follows statistical methods, meaning only a
sampling of buildings are assessed for the compliance evaluation. In addition, the U.S. approach
does not calculate actual energy savings or energy use intensity of the buildings; it only checks if
the building is constructed in accordance with building energy codes adopted by the state and
local jurisdictions (PNNL, 2010).

»3 (Evaluation Methodology)

DOE’s 2010 report “Measuring State Energy Code Compliance
provides specific guidelines to help states measure code compliance rates, and it divides
compliance evaluation into four steps. First, the state needs to obtain the evaluation
checklists*.for both residential and commercial buildings based on the version of the energy
codes implemented in the state (Appendix B). Different code provisions are weighted based on

their impacts on building energy consumption, namely high impact (Tier 1), medium impact

2The U.S. Department of Energy’s role, defined by statutory requirements, supports energy efficiency in buildings
by developing and implementing model codes and standards, and provides technical assistance to states and
localities in their process to adopt and enforce energy codes.

% This report is available at
https://www.energycodes.gov/sites/default/files/documents/MeasuringStateCompliance.pdf.

* Appendix B provides sample checklists for ASHRAE Standard 90.1, which ECBC is based on. For the complete
checklists and instructions, please visit the U.S. Building Energy Codes Program
https://www.energycodes.gov/compliance/evaluation/checklists.
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(Tier 2), and low impact (Tier 3). Second, the state needs to determine which buildings® in the
state to inspect. The U.S. Building Energy Codes Program provides an online tool to generate a
statistically significant number of buildings to inspect for residential new construction,
residential renovations, commercial new construction, and commercial renovations. Factors to
consider in sampling include building type and size, location by county and climate zone, and
other factors. Third, the state sends out evaluators to inspect buildings according to energy codes
requirements and fill checklists. Finally, the state analyzes the collected data from individual
buildings and generates an overall state compliance metric based on statistical methods. The
compliance rate could be calculated for individual buildings, building groups, and at the county,
state, and national levels. These breakdowns are important because knowledge of the associated

compliance rates or gaps at large can improve policy design and implementation.

DOE’s Evaluation Methodology underscores the importance of ensuring that a state strikes a
balance across building use, ownership and design when sampling their buildings. Thus,
representative building samples will include both energy-intensive building use types, such as
hotels and other lodging, in addition to less-energy intensive buildings such as storage buildings.
Likewise, a representative sample will include buildings with different ownership types to reduce
the likelihood of bias in determining compliance. For example, in the United States, schools are
more likely to be owned and operated by state and local government and are therefore more
inclined to be in compliance with state and local codes, both because the owner has a vested
interest in the ownership and operating costs, and because it is under greater public scrutiny
(PNNL, 2010). Thus, a sample with more of these types of buildings could skew the results

towards increased compliance.

Steps to implement code compliance assessments

Since the Evaluation Methodology was published in 2010, DOE has taken steps to make further
improvements to the methodology and also provided supplemental resources to assist states in

® DOE recommends a sample size of 44 buildings. However, DOE also recognizes that this recommended sample
size may be more or less for some populations in some states, depending on the degree of new commercial building
construction in the state. For example, additional building samples may be required for very large commercial
buildings (larger than 250,000 ft?). DOE also takes into account simple versus complex buildings. Because the
complexity of a building is closely tied to building size, DOE recommends that states include in their samples
commercial buildings that are distributed equally within three major building size strata (small: up to 25,000t in
conditioned floor area, medium: 25,000ft* — 60,000ft, and large: 60,000ft* — 250,000ft?), unless a state has limited
amount of new construction in any one of the building size stratum.
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raising compliance levels. In particular, DOE piloted the compliance methodology across several
U.S. states, and the experiences of those pilot studies have led to a number of recommendations
and potential changes to the DOE methodology. In particular, the pilot studies revealed that
(EERE, 2013):

e Consistency is challenging to achieve across studies and among individual evaluators.
For this reason, additional guidance and instructions on DOE compliance checklists,
evaluator training and quality assurance of gathered data is essential.

e The checklists developed by DOE were valuable tools for local evaluators. State and
local staff involved in code compliance during their normal course of code enforcement
could also benefit from these checklists.

e Software tools (COMcheck and REScheck) based on trade-off and prescriptive-based
compliance approaches demonstrated a strong correlation with higher compliance rates.
Notably, documentation produced by software tools help to address prevalent barriers to
compliance, such as lack of training, lack of resources and lack of compliance
information on plan submissions.

e Data sources for generating sample sets are not always accurate and, in some cases, are
not available. State compliance evaluation studies are also costly.

e Access to buildings under construction was a major problem in some locations. Early
engagement of state and local governmental agencies is imperative to ensure their

cooperation.

The pilot studies illustrate the fact that one size does not fit all. In all the cases that DOE
evaluated, deviations from the DOE methodology related to cost and/or time considerations. As a
result, DOE is developing additional procedures that can address alternative approaches with
these common barriers in mind (EERE, 2013). Alternative approaches include: post-construction
evaluation, evaluation of a subset of compliance requirements, second-party evaluation (i.e.,
evaluation conducted by local government officials), spot-check evaluation, and trade-off and
performance compliance approaches. The pilot studies show the importance of offering flexible
mechanisms that can be tailored to local conditions. At the same time, it is important to
acknowledge the trade-offs associated with using alternative approaches that may reduce the
statistical significance of the results of code compliance evaluations, and to account for these



trade-offs when assessing code compliance at the national level. The studies also served to
increase dialogue with local jurisdictions, educate and heighten awareness about energy codes to

building departments, and helped identify and execute training needs.

DOE has also made improvements to its sample generator tool and compliance software tools to
make the process of code compliance and evaluation more seamless (GPO, 2013). On August
2013, DOE also soliciting public input on the 2010 Evaluation Methodology to assist in
assessing compliance with building energy codes at the local, state, and national levels (GPO,
2013).

Code compliance evaluation in the U.S. just started recently and there is not a reported national
compliance rate. However, pilot studies have shown that compliance evaluation is critical to
improving overall code enforcement (Harper et al., 2012; Nordeen, 2013), and the U.S. may

achieve its 90% compliance goal by 2017 by rolling out full-scale compliance evaluation.

Compliance Evaluation in China

China is the world’s largest market for new construction, adding 0.4 to 1.6 billion square meters
of floor space annually (Evans et al., 2010). In response to this rapid growth, China has
introduced several initiatives over the past few years to enhance energy efficiency in its buildings
industry. The Chinese energy codes consist of three options for compliance: first, a prescriptive
path which contains detailed specifications for individual components, second, an alternative to
the prescriptive approach allowing trade-offs between envelope components, and third, a
performance path that requires that the energy consumption of the design features of the
proposed new building does not exceed energy consumption of a reference building. Chinese
codes are mandatory at the national level, but local governments can adopt codes that are more
stringent. In support of the national requirements, China has established a multi-step protocol for
enforcement of their building codes, including energy codes. Often, third parties are intimately
involved in the enforcement of building codes during the construction of a project (Evans et al.,
2010). They perform the first level check to verify that the design and construction is aligned
with the codes. A second level check is performed by quality control and testing stations that

review the documents submitted by third parties and do some of their own checks.



Annual compliance assessment

Besides the checks included in each construction project, since 2005, the Chinese Ministry of
Housing and Urban Development (MOHURD) has commissioned around ten survey teams every
year to conduct an inspection of randomly selected medium and large buildings in urban areas in
31 provincial territories (Shui and Nadel, 2012). The inspection is mandatory for residential new
construction over 50,000 square meters and for commercial new buildings with a total
investment of over 30 million yuan (~ $4.9 million®). (Evans et al., 2010; MOHURD, 2011; Shui
and Nadel, 2012). Compliance with building energy codes is one of the focal points of the annual
inspection check. Unlike the compliance check in the U.S., the annual construction inspection in
China also involves enforcement. If a building does not meet requirements of corresponding
energy codes, it will receive notice to correct the problem within a certain period of time. This

practice, to some extent, also leads to skewed results in compliance rates.

Cities that are selected for inspection are required to provide an inventory of the construction
projects that have completed the drawing inspection stage. The inspectors, which include
MOHURD officials, building energy code experts, or local code management and enforcement
officials from alternate jurisdictions, verify whether relevant national and local building energy
efficiency policies and regulations have been implemented. They also check whether compliance

with mandatory items in design standards has been met.

The compliance evaluation of Chinese codes enforcement also involves sampling and checklists.
Different from the U.S. approach that state and local jurisdictions evaluate compliance, the
Chinese takes a top-down approach. MOHURD assembles 10 evaluation teams, and each team
conducts compliance evaluation in two to three provinces’. Four large municipalities (i.e.
Beijing, Shanghai, Tianjin, and Chongging) and the capital city of each province are always
included in the national compliance evaluation. The evaluation team also randomly selects® one
additional prefecture-level city and one additional county-level city in each province for
compliance evaluation, and rural areas are not included in the evaluation. In each city, the
evaluation team randomly picks several projects to assess project documentations or conduct on-

site inspections. However, the number of projects evaluated is quite small. For example, in 2011,

®1 Chinese Yuan = 0.16 US dollar.
" There are 31 provinces and territories in China.
& There is no public documentation explaining how the cities are randomly selected.
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the inspection team only selected 12 buildings for compliance evaluation (six for design

evaluation and six for construction inspection) in a prefecture-level city, and only six buildings
were selected in a county-level city. Checklists used in compliance evaluation in China are also
developed based on requirements in energy codes. However, the Chinese checklists weigh each

item equally and do not differentiate requirements based on their impacts on building energy use.

Acceptance code

In addition to the energy codes themselves, inspectors refer heavily on China’s Code for
Acceptance of Energy Efficient Building Construction to verify compliance. Introduced in 2007,
the 70-page long Code for Acceptance attempts to raise the bar in code enforcement by making
compliance with building energy efficient requirements mandatory for the final approval of a
construction project (Evans et al., 2010; Shui and Nadel, 2012). The Code for Acceptance
addresses construction quality, testing and documentation for the building envelope, HVAC
systems, lighting, monitoring and controls. For every building component included in the Code
for Acceptance, there is a list of specifications that the item must meet and a description of the
inspection method (Evans et al., 2010). The guidelines in the Acceptance Code make compliance
of certain design elements an integral step in a construction project that may have otherwise
proceeded unchecked. For example, manufacturers seldom provide the results of thermal
resistance tests for their products, but the Acceptance Code requires the construction supervisor
to test samples of the material, many times sending them to a test lab. Since the Code of
Acceptance was adopted, China has experienced improved compliance rates in large urban areas
(IEA, 2013), demonstrating the value in its coordinated and multi-layered enforcement system.

Results and areas for improvement

In terms of information disclosure, MOHURD releases the nation-wide compliance rate on its
website and lists provinces with good performance. The compliance rate during the 2011
inspection for the design stage is 100% and for the construction stage is 95.5%. However, the
compliance rate is not representative at the national level for several reasons. First, China’s
compliance assessment system has been tested only on a relatively small scale, making it
difficult to estimate a national compliance rate with high confidence. Only about 9% of China’s
total prefecture-level cities and 7% of total county-level cities are inspected (Shui and Nadel,

2012). Second, cities in the survey are not randomly selected and more evaluations are conducted
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in large cities and metropolitan areas. Third, only a small portion of buildings is inspected in the
selected cities and the relatively small sample size is not representative of the general population.
Fourth, as the compliance rate is estimated based on medium and large projects in urban areas, it
does not represent the compliance status in suburban and rural areas or in small buildings.
Finally, MOHURD lacks a well-documented and transparent methodology for compliance
evaluation®, and this leads to inconsistency in data collection and evaluation (Evans et al., 2010;
Price et al., 2011; Shui, 2012; Shui and Nadel, 2012). Inconsistencies in data collection have also
been reported; reasons for this may be the lack of solid material testing system and incomplete

protocols for building simulation (Evans et al., 2010; Shui and Nadel, 2012).

Although the Chinese system is not perfect and does not represent all buildings, along with the
acceptance code, it did help improve compliance and energy performance of Chinese buildings,
at least in urban areas. For medium and large buildings in urban areas, the compliance rate for
the design stage doubled in the past six years and the compliance rate at the construction stage
also improved significantly. Compared to the U.S., China has a shorter history and less
experience in energy codes development and implementation, but much more building
construction. It is more effective for China, as well as other developing countries, to establish a
functioning compliance evaluation system in major cities at the early stage of code

implementation than waiting for years to develop a full-fledged compliance evaluation system.

Lessons Learned on Compliance Evaluation

Compliance evaluation is essential to helping countries achieve better compliance rates and
informing policy makers about progress in code implementation. Besides the U.S. and Chinese
approaches, there are multiple ways to conduct compliance evaluation and states and countries

can design the program based on their own needs.

Surveys of energy performance of individual or groups of buildings. Even if compliance is
not directly measured, baseline efficiency evaluations may be used to estimate compliance rates.

Studies of energy efficiency programs often provide information on code compliance. For

% Since there is not an official MOHURD document we can refer to, most information presented in this paper was
obtained from personal communications and previous studies.
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example, the State of Arkansas conducted an energy survey in 100 new homes to determine
energy performance of current building practices. With a focus on assessing energy consumption
of homes, the survey included a blower door test and a heating and cooling load analysis, which
helps builders and prospective buyers compare estimated utility costs with the costs associated
with meeting the energy code. The information collected in this survey would also help the State
Energy Office improve both code compliance and energy performance. Similar studies have
been conducted in other states to determine energy savings as well as code compliance through
on-site inspections. (Brown, 1999; Misuriello et al., 2010; Xenergy, 2003).

Assessments of energy savings in simulated buildings. Studies have compared model
predictions, based on the design alone, with building designs and prototypes to decide if the
building meets the energy standards. Many European countries take this approach to estimating
energy savings and impacts of building energy standards. However, affected by behaviors and
operations, actual energy use is likely to differ from model predictions. The Swedish study
shows that the difference could be up to 250% (Karlsson-Hjorth, 2013). To improve the results, a
few jurisdictions in Sweden and France have done small evaluations that compare actual energy
use to the rated energy use that the building should attain based on its code compliance

documents. Australia links it to periodic energy audits after the construction is completed.

Surveys of developers, architects, inspectors, or builders. When funding is limited for more
complete evaluation, or in earlier implementation stages, states or countries can use simple
surveys to assess the number of compliant buildings or how the compliant process went. In other
cases, these surveys are used to supplement information obtained from plan reviews and field

inspections to conduct in-depth analysis to identify major problems in code implementation.

These approaches, compared to methods used in the U.S. and China, are less expensive and
resource-intensive, but there are also problems associated with these simple approaches. One
major issue is that the small sample size used in these surveys and assessments is not
representative and the results are often not statistically robust to generalize to all buildings.
Although random sampling from all buildings in a jurisdiction is the ideal way to assess
compliance rate, many jurisdictions often lack resources and capacity to conduct the analysis in
this way, especially when on-site inspections are required. To make it feasible, most existing

studies use stratified sampling and focus on areas of highest building activity and large buildings
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with greater impacts on energy use and emissions (Misuriello et al., 2010). Another problem is
that some studies take a simple approach that only reviews building designs. However, there
might be inconsistency between building plans and actual constructions, as indicated by Epstein
et al. (2005) and Khawaja et al. (2007), and the modeled energy use based on designs are likely
to differ from the actual energy consumption. Third, since these studies are conducted by local
jurisdictions and use different methodologies, it is difficult to make a reasonable comparison
across jurisdictions on their code enforcement efforts. It is also important to note that the result
of compliance evaluation — compliance rate — varies by methodologies used, and compliance rate

should be interpreted based on their methodologies.

Given these limitations, the U.S. and China aim to develop comprehensive methods for
compliance evaluation, based on some key components that are essential to evaluating code

compliance.

1. A statistical approach™ to evaluating and estimating compliance rates. Developing a
robust and statistically sound method is important for compliance evaluation. In addition,
to better use results for analysis, the methodology and results need to be released in a
transparent manner.

2. Detailed compliance checklists for evaluators and code officials to measure and
decide on whether the building complies with codes. In addition, compliance checklists
could identify and highlight areas that are particularly problematic, which help policy
makers to allocate resources in future policy development and implementation (Appendix
B).

3. Priorities in compliance evaluation. The U.S. classifies codes requirements by their
impacts, and prioritizes areas for evaluation and improvement based on impacts on
energy consumption. China is developing its codes system and lacks capacity to enforce
energy codes at a large scale, and therefore, the initial compliance evaluation focuses on
major cities.

4. A consistent methodology. The studies in both the U.S. and China found that

consistency is challenging to achieve across studies and individual evaluators. A solid

1% The Chinese program was not originally designed to be statistical. Although the current Chinese results are still
not statically representatives, as the program evolves, MOHURD starts to enlarge sample size and pay attention on
statistical robustness.
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methodology, transparent reporting system, clear guidance and instructions on
compliance checklists, and training of inspectors can help achieve consistent results.

5. Robust compliance software. Software tools (i.e. COMcheck and REScheck in the U.S.
and PKPM-Energy in China) contributed to higher compliance rates. Documentation
produced by software tools provides compliance information to code officials and
inspectors upon plan submissions. It also helps address prevalent barriers to compliance
such as lack of training and lack of resources.

However, neither country directly measures energy or CO, savings from energy code
implementation. Reductions in energy use and emissions are the ultimate goal for the
development and implementation of energy codes. However, it is more difficult and costly to
measure building energy use than to assess the compliance rate. Although neither country
measures and verifies actual energy savings at present, they may add this component as the
system of compliance evaluation gets mature. The City of Tokyo started to measure actual
energy consumption and emissions from buildings since 2010, as it started the cap-and-trade
program (Yu and Evans, 2013). Experience in Tokyo may help India and other countries evolve

towards an outcome-based system (Appendix C).

Policy Recommendations on ECBC Compliance Assessment

Developing a compliance evaluation system would help the Indian government show the benefits
of ECBC and build momentum for future implementation. Based on evaluation results, the
Indian government can develop policies to target particular problems and improve ECBC
implementation. Compliance evaluation also encourages the private sector to actively participate

in energy code implementation.

As discussed above, compliance evaluation can be conducted by state/local jurisdictions or the
national government. However, in either case, to ensure consistency in results, the methodology
should be developed at the national level. The Bureau of Energy Efficiency (BEE) could develop

a system and methodology for compliance evaluation.

The evaluation methodology needs to define statistical methods for sampling and estimation,

such as how to select representative buildings based on building type and size, location,
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ownership, and climate condition. For example, the compliance evaluation needs to assess
enough samples in both energy-intensive buildings such as hospitals and hotels and less energy-
intensive buildings like office buildings. Sampling also needs to consider the size of buildings, as
compliance status of large and small building might be different. In addition, building ownership,
whether it is a government facility or private commercial buildings, are also likely to affect their

compliance behaviors.

To have a robust evaluation system, ECBC compliance checklists are also needed. Since ECBC
is developed based on the ASHRAE Standard 90.1, ECBC compliance checklists could be
developed based on the U.S. checklists (Appendix B). ECBC checklists could also weigh
requirements based on their impacts, and there are some studies of Indian buildings that can help
identify high-impact requirements and provisions (Manu et al., 2011; Rawal et al., 2012).
Moreover, compliance checklists and other supporting materials can also benefit ECBC

enforcement.
The list below summarizes the categories that can be included in ECBC compliance checklists**:

e General information of the building: basic information of the building (name, address,
floor area, state/city/jurisdiction, climate zone, building type (e.g. office, school, hotel,
hospital, etc.), building ownership (e.g. state-owned, local government-owned, national
account, or private), inspection date, and the responsible evaluator;

e Project type: new building, addition, or renovation;

e Selected compliance approach: prescriptive, trade-off, or performance;

e Code version: ECBC (if so, whether compliance software is used) or above-code program
(e.g. Leadership in Energy & Environmental Design);

e Compliance status: compliant, not compliant, not observable, or not applicable;

e Plans review verification: record of values and parameters found during plan review;

e Field verification: fillings of observed values based on field inspection, checks against
values provided during plan review, and determination of compliance.

The state can tailor the standard evaluation methodology to its needs. The state or local
governments may amend ECBC or develop localized interpretations of ECBC that might result

Y This list is developed based on the compliance checklist of the U.S. Building Energy Codes Program.
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in modifications to ECBC requirements. Therefore, compliance checklists need to be climate
zone specific or state specific. Moreover, most states only have limited capacity to enforce
ECBC and can start from high-impact provisions and expand to full-scale ECBC implementation
later.

Since Rajasthan is the first state to adopt ECBC, there are a few ECBC-compliant buildings in
the state. Rajasthan can lead the effort in assessing the compliance rate, such as developing
compliance checklists and evaluation methodology. Having compliance assessment can help the
state to identify priority areas for improvement. For example, if most ECBC-compliant buildings
are private commercial buildings in Rajasthan, the state can then provide incentives for public
buildings to comply with ECBC or strengthen ECBC enforcement in the public sector.

Compliance evaluation requires coordination between state and local governments, as urban
local bodies may collect compliance data while the state government analyzes data. Moreover,
the state can list and compare compliance results among local jurisdictions and generate peer
pressure for local jurisdictions to improve their performance. Municipalities with good
compliance rates could also be rewarded. Compliance evaluation at the state level also requires
coordination with BEE, as it shows in case studies that consistency in methodology is important
to produce comparable results.

Compliance evaluation at the national level can be rolled out and implemented in the following
steps. The initial stage of compliance evaluation can target methodology development and
compliance evaluation in pilot regions and states. Then, national and state governments need to
provide training and build capacity on compliance evaluation. Since the majority of trainings for
evaluators overlap with conventional codes training, adding compliance evaluation into code
implementation roadmap will not bring too much burden to the system. After the success in pilot
states, compliance evaluation can be rolled out at the national level. There could be incentives to
encourage state to conduct compliance evaluation. For example, the state’s compliance rate
could be used as one criterion to select states that receive the grant and assistance from BEE and
other organizations. Finally, since ECBC is linked with the Energy Conservation Act, which sets
targets for energy use intensity, beyond simple compliance evaluation, BEE could also develop a

system to measure and verify actual energy and emissions savings induced by ECBC.
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Conclusions

Building energy codes are one of the most cost-effective tools to achieve energy efficiency in
buildings. The key to realizing their full benefits is strong enforcement and compliance. Studies
have shown that robust enforcement and a high compliance rate are critical to improving the
energy performance of buildings and unlocking deeper energy savings. Both the U.S. and China
have comprehensive compliance evaluation programs, and some key components of these
programs include robust and consistent methods for compliance evaluation, applicable checklists
of code requirements, and balances between deep energy savings and comprehensive coverage of
building stocks. India can use these lessons learned from other countries to develop its own
compliance evaluation approach. This requires the development of robust methodologies and
technical support documents at the national level, as well as support and implementation at the
state and local levels. Moreover, India has an opportunity to move beyond the existing efforts in
the U.S. and China and measure actual energy savings and avoided CO, emissions through
ECBC implementation. How to measure actual energy savings in buildings is not discussed in
this paper and can be studied in the future work; cases such as the Tokyo Cap-and-Trade

program (Appendix C) sheds light on the potential design of the system.

Experiences from the U.S., China, and India in measuring compliance rate will help design a
robust system elsewhere to ensure effective implementation of building energy codes, which in

turn leads to reduction in building energy use and associated emissions.
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Appendix A Code Compliance in Denmark

Denmark was among the first countries to adopt building energy codes in 1961 and has for years
had fairly strict energy requirements in its building regulations (GBPN, 2013). Its current
methodology for assessing code compliance was redefined when implementing codes based on
the EU Energy Performance Building Directive (EPBD) in 2006. Since then, Denmark has
significantly tightened its energy requirements and developed new inspection schemes,
effectively modifying the way it calculates code compliance rates (SBi, 2008). The stricter
requirements are also a product of Denmark’s national target, which calls for using 75% less

energy in buildings by 2020 relevant to 2008 (GBPN, 2013).

Denmark’s current building code, which includes energy regulations, is the Danish Building
Regulation 2010 (BR10). What makes the changes introduced since 2006 by the Danish
particularly distinctive and ambitious is the incorporation of an energy performance target for
new buildings as part of the mandatory code. BR10 is a performance-based code that requires a
mandatory energy frame calculation in order to establish maximum energy demand for non-
residential buildings (71.3 + 1650/A kWh/m?/pa) (GBPN, 2013).'? The code covers all thermal
envelope requirements and energy-using efficiency standards in the calculation, including,
heating, cooling, ventilation, hot water, lighting (only non-residential), heat recovery and
conversion and distribution losses. The energy performance target applies to all new types of
buildings heated to at least 15°C. At the time of applying for a new building permit, the
developer must document that a new building complies with the energy target (SBi, 2008). In
addition, Denmark introduced a new energy labeling scheme that requires that all new buildings

obtain an energy label before the owner or developer acquires a use permit.

To facilitate compliance with the new requirements, the Danish Building Research Institute
(SBi) developed the compliance software, SBi Direction 213 (Sbi, 2008). The calculation
program helps architects and energy consultants predict (simulate) energy consumption in the
design phase. However, the software and accompanying manual also include guidelines for
demonstrating that a building meets the energy requirements set out by the building code and is
thus used for documenting that a building complies with the new requirements. In particular, the

latest code and supporting policy incorporates many progressive aspects including, mandatory

12 BR10 also has energy mandates for residential buildings.
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computer modeling, air-tightness testing for all buildings, bioclimatic design considerations,
renewable energy included in the calculation, well established boiler and HVAC testing systems

and voluntary low energy classes (GBPN, 2013).
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Appendix B Sample Checklists for ASHRAE Standard 90.1

The U.S. Building Energy Codes Program uses the compliance checklists to support energy code
compliance checks and evaluations and to validate compliance through enforcement processes.
Separate checklists are included for each climate zone and each building type (i.e. commercial
and residential buildings). The checklists can be customized by state and local jurisdictions to
adapt to the state’s amendments to the model code. The checklists are divided into stages
corresponding to traditional building inspection stages, including plan review, footing/foundation
inspection, framing/rough-in inspection, plumbing rough-in inspection, mechanical rough-in
inspection, mechanical rough-in inspection, rough-in electrical inspection, insulation inspection,

and final inspection.

Appendix B lists several sample checklists for AHSRAE Standard 90.1-2007. The full checklists
used by the U.S. Building Energy Codes Program are available at
https://www.energycodes.gov/compliance/evaluation/checklists.
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Eh Score Store

Commercial Building Data Collection Checklist
ANSUASHRAENESHA Standard 90.1-2007

Bullding 1D: Climate Zons:

Duafs: Mamea of Evaluatorjs):

Bullding Contact joptional): Nams: Phioma: Emiall;

Bullding Name: Addregs: Condifionsd Floor Araa; LY
Shate: County: Jurisdiction:

Compllance Approach (check al that apply): (] Prescrptve Ovradeon [(Jremomancs

Compliance Softwars [If uead): Abows-Code Program:

Bullding Use: [ omes
[ Retaisancantis

Bullding Ownership:[[] State-cwned

[ wWarehouseisiorage
[JHigh-Fisa Reskdential

[JEdusationsSchool []Lodging'HotaliMoiel
[JHealthzare

[OrestawantDiningFast Food
[Pusiiz AzsembiyiRaligious [ Other

[ Local Govermment-owned[ ] Mational Account [[Specuative [|Private  []Other

Foundaflon Typs: [] Selow-Grads O =tat [JFioor Cwer Unconditioned Space
Project Typs: [ me=w Eulkding [ Existing Buikiing Addrion [[] Existing Bulding Rencwation  valuation (If Renovation)-F
Tl Plan Reviaw Complles? Comments/Assumptions
Saction #
422 Plans andior specifications provice all Information with which compliancs can be getemmined |[] Complies
PRI for the bullding envelope and delneate and documant where exceptions 1o the standard are  |[] Does Mot Comply
claimed. Performance compliance approach submittad for bulldings with verical fenestralion | ot Dbservable
area ~40% of SKyIgNt area =%, [ Mot Applicatie
422 642 | Plans, spaciications, andior calcuiations provide all information with which compllance can | Complies
[PR2] b= determingd for the mechanical systems and equipment and delineate and document [J Does Mot Comply
‘whanz E:Emmrﬁ-‘"}m standard are clamed. D Mot Dosersabls
[ Mot Apphcabie
422 744 Plans, spectlications, andior caleulations provide all infarmation with which compliance can [ Complies
[FRAp be debermined for the service water heating systems and equipment and delineate and [ Does Mat Comply
gocument whane excantions 1o the standand are clamed. [ Mot Cosereabis
[ Mot Applcabie
4323 Plans, speciications, andior calculations provide all information with which compliance can |[J Complies
[FRap be debzrmined for the lighting and electrical systems and equipment and delineats and [ Does Mat Comply
gocument whare exceplions 10 he standand are clamed. Infomaton prowvided should Include [ Mot Coservabie
Interior and Exterior IgNHNg powWSr CHCUISHONS, WaTagE O DUIDE 3nd Dal3sts, ANSTMMER | Mot Applicable
and control devices.
6724 Detalied Instruciions for HWAC sysiems commissioning Included on Me plans or [ Comglles
[PRS] spaciications for »=50,000 5. [ Does Mat Comply
[ Mot Coserdabia
[ Mot Applcabie
B.4.11, Fesgar conneciarns sized In accortance with approved plans and baanch circults stzed for [ compiies
BA12 miaxirum drop of 3%, [ Does Mot Comply
[FREF [ Mot Coserdabis
[ Mot Applicabie
additional Commentaisssumpiions:
72512012 [ 1 [Fign mpact mer 1) | 2 {medm imgact mier z) | 3 [Low impact (mier 3) Page 10f 12
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General building information only required if different than above

Building ID:
Date: Mame of Evaluators):
Building Contact {optional): Mame: Phone: Email:
Building Mame: Address: Conditioned Floor Area: #
Compliance Approach (check all that apply): (] Prescriptive OTrade-of O Perfermancs
Compliance Software (if used): Above-Code Program:
s0.4.2007 Footing | Foundation Inspection Flans Verified | Field Verifed Complies? | Comments/Assumptions
5533 Below-grade wall insulation R-value. R- R- [1 Complies
Foiy’ [ Does Mot Comply
[ Mot Obsersable
[ Mot Applicable
5812 Below-grade wall insulation installed per If compiles: [ Complies
[Foay manufactuner’s instructions. DGB_-Dd [] Does Mot Comply
LI Fair [ Mot Observable
L Paor [ Mot Apphicable
5535 Slab edge insulation R-value. R- R- [ Complies
1
[FO3] [] Unheated | [] Unheated g &ff‘j::: C";’I‘W
rvable
[ Heated [ Heated ] Mot Appiicable
5812 Slab edge insulation mstalled per manufacturer's If compiles: [ Complies
[Fos)' instructions. 0 Good [ Does Mot Comgpiy
OFair [] Mot Observable
OPoor [] Mot Applicable
5535 Slab edge msulation depthilength. ft ft [ Complies
[Fos) [ Does Mot Comgply
[ Mot Obserdable
[] Mot Applicable
5817 Exterior insulation protected against damage, [ Complies
[Foa) sunfight, moisture, wind, landscaping and equipment [ Does Mot Comgly
maintenance activities. [J Mot Observable
[ Mot Applicable
58173 Insulation in contact with the grownd has <=0_3% ] Complies
[For' water absorption rate per ASTM G272, [ Does Mot Comgly
[ Mot Obserdable
[] Mot Applicable
6.3.2. 8441,  Piping. ducts and plenum are insulated and sealed R- R- O Complies
G442 when installed in or under a slab. [J Does Mot Comply
[Foe [ Mot Observable
[] Mot Applicable
G438 Freeze protection and snow/ice melting system [ Complies
[FORP sensors for future connection to controls. [J Does Mot Comgply

[ Mot Obsersable
[ Mot Applicable

Additional Comments/Assumptions:

07i2eRmz2
Viersion 3.0

| 1 |High Impact (Tier 1)

| 2 | Medium Impact (Tier 2)

| 3 |Low Impact (Tier 3)
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General building information only required if different than above

Building 1D:
Diate: Mame of Evaluator]s):
Building Contact {optional): Mame: Phone: Email:
Building Name: Address: Conditioned Floor Area: i
Compliance Approach [check all that apply):[] Prescriptive OTrade-osF OPerformanecs
Compliance Software (if used): Above-Code Program:
- . Plans Verified Field Verified _ -
?1'2“’; Insulation Inspection Value Value Complies? CommentsiAssumptions
5431 All sources of air leakage in the bulding thermal [ Complies
M1y ervelope are sealed. caulked, gasketed or weather [ Does Mot Compily
stripped to minimize air leakage. [] Mot Observable
[] Mot Applicable
5531 Roof R-walue. For some roof systems, verification R- R- [1 Complies
M2y may need to occur during Framing Inspection. [] Above deck | [] Above deck [ Does Mot Comply
[ Metal ] Metal [ Mot Observable
A h [] Mot Applicable
[ At [ Asic
5812, Roof insulation installed per manufacturer's Hf compiles: [ Complies
5813 instructions. Blown or poured loose-fill insulation s [JGood [ Does Mot Comply
[INay installed only where the roof slope is <=3 in 12, OFair [ Mot Observable
[OFoor [] Mot Applicable
5531 Skylight curbs insulated to the lewel of roofs with R- R- [ Complies
[IN4T® insulation above deck or R-5. [ Does Mot Comply
[ Mot Observable
L] Mot Applicable
55311 High-albedo roofs meet solar refiectance of 0.70 and | SR SR [ Complies
[INS]E thermal emittance of 0.75 or SR of 32 =Rl =q1 [ Does Mot Comply
D— — [ Mot Observable
[ Mot Applicable
5532 Above-grade wall insulation R-value. R- R- [ Complies
O O Dumiens
0 Metal O Metal E Nn: Applk::IeE
O Steel O Steel
[J Wood [ Wood
5812 Above-grade wall insulation installed per I compiles: O Complies
[INTT manufacturer’s instructions. DG-n_od [ Does Mat Comply
OrFair [ Met Observable
[OFoor [] Mot Applicable
£E534 Floor insulation R-value. R- R- [ Complies
u
[INE] (] Mass [ Mass [ Does Mot Comply
7] Steel [ Steel E - ﬁ::&'ﬂe
[ Wood [ Wood
5812 Floor insulation installed per manufacturer's If comapiles: [ Complies
[ instructions. 0 Good [ Does Mot Comply
O Fair [ Mot Observable
OFeor [ Mot Applicable
58.1.1 EBuilding envelope insulation is labeled with R-value or [ Complies
[INfOPE insudation certificate providing R-value and other [ Does Mot Comply
relevant data. [] Mot Observable
[ Mot Applicable
5314 Eawes are baffled o deflect air to above the [ Complies
[NT1 insulation. [ Does Mot Comply
[ Mot Obsenvable
[ Mot Applicable
58.15 Insulation is nstalled in substantial contact with the If comaiies: ] Comnplies
AN1ZP inside surface separating conditioned space from [0 Geed [J Does Mot Comply
unconditicnal space. O Fair [ Mot Observable
[OFoor [] Mot Applicable
58156 Recessed equipment installed in building envelope [ Complies
MN13R assemblies does not compress the adjacent [ Does Mot Comply
insulation. [] Mot Observable
[ Mot Applicable
07252012 | 1 |High Impact (Tier 1) | 2 | Medium Impact (Tier 2) | 3 |Low Impact (Tier 3) | Page 8 of 12
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General bullding information only required if different than above

Building 1D:
Diate: Name of Evaluatoris):
Building Contact {optional): Mame: Phone: Email:
Building Name: Address: Conditioned Floor Area: it
Compliance Approach (check all that q:pl-_.r]:DF'lescxipth:E O Trade-off [ Performance
Compliance Software (if used): Above-Code Program:
90.1-2007 - : —_— i =
Zection £ Final Inspection Comg ? ns
5433 Weatherseals installed on all loading dock cargo doors in Climate Zones 4-8. [ Complies
FHT [ Does Mot Comgly
[ Mot Observable
[] Mot Applicable
64311 Heating and cooling to each zone is controlied by a thermostat control. [ Complies
[FIZF [ Does Mot Comply
[] Mot Observable
[ Mot Apphicable
54312, Temperature controls have the following features: dead band controls, setpeint overlap [ Complies
6432, resfrictions, off-howr controds, automatic shutdown, setback controls. [ Does Mot Comply
g-:-g§-1 [ Mot Observable
e Mot icable
64332 o Apl
[FI3¢
64333 Systems with air capacity >10,000 ofm include optimum start controls. [ Complies
[FHF [] Does Mot Comply
[ Mot Observable
[ Mot Applicable
8435 Heat pump controfs prevent supplemental electric resistance heat from coming on when not | Complies
[FIsP neaded. [ Does Mot Comply
[ Hot Obsenvable
] Mot Apphicable
6437 When humidification and dehumidification is provided to a zone simultanecus operation is not O] Complies
[Fle] possible. [ Does Mot Comply
[ Mot Obserable
[ Mot Apphicable
8721 Fumish HVAC "as-built” drawings submitted within 20 days of system acceptance. [ Complies
FIE [J Does Mot Comply
[ Mot Obsernable
[] Mot Applicable
6722 Fumish O&M manual for HVAC systems. [ Complies
FIafF [ Does Mat Comgly
[ Mot Obsenvable
] Mot Applicable
6723 An air and/or hydronic system balancing report is provided for HYAG systems serving zones (] Complies
[Fiay =5,000 f* of conditioned area. [ Does Mot Comgly
[] Mot Observable
] Mot Applicable
6724 Verify HYAC control systems have been tested fo ensure proper operation, calibration and [J Complies
[Faop adjustment of controls_ [ Dioes Mot Comply
[] Mot Observable
[] Mot Applicable
7443 Public lavatory faucet water temperature not greater than 110 °F. [ Complies
FHAP [ Does Mot Comply
[ Not Obsenable
[ Mot Apphicable
TL44 Controls are installed that limit the operation of a recirculation pump installed to maintain [ Complies
Fnap temperature of a storage tank. [ Does Mot Comply
[ Mot Observable
[ Mat Apphicable
T451 Pool heaters are equipped with on/off switch and no contnuously bumning pilat light. [ Complies
[FHap [ Does Mot Comply
[ Mot Observable
[ Mot Applicable
OF252012 i I . - 2 P, 11of 12
/2520 [ 1 [High Impact (Tier 1) | 2 | Medium Impact (Tier 2) | 3 |Low Impact (Tier 3) | age
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Appendix C Tokyo Cap-and-Trade Program®
Background

Energy use and CO, emissions from the building sector in the metropolitan Tokyo area have
grown rapidly in the past two decades. From 1990 to 2006, energy consumption in residential
and commercial buildings increased 21% and 46%, respectively, while energy use in the
industrial sector declined over 40% and transportation energy use increased less than 1%. In
2006, the building sector accounted for 62% of energy consumption and 63% of CO, emissions
in Tokyo. The Tokyo Metropolitan Government (TMG) projected that the energy use and CO,
emissions from the building sector would continue to grow at least in the near term. To respond
to this trend, TMG launched the Tokyo cap-and-trade program in April 2010 based on the Tokyo
Metropolitan Environmental Security Ordinance (TMG, 2012a); this is the first program in the
world that explicitly includes the buildings sector in emissions trading. The facilities to which
the cap applies consist of large-scale industrial facilities and commercial buildings consuming
more than 1,500 kiloliters of oil equivalent per year. In fact, around 80% of facilities covered by

the program are commercial buildings.

The overall target of the Tokyo cap-and-trade program is to “reduce greenhouse gas emissions to
25% below the 2000 levels by 2020” (TMG, 2010). The program sets two compliance periods
(2010-2014 and 2015-2019), and aims to reduce emissions by 6-8%** and 17%, respectively,
compared to 2000. Facilities can bank their surplus when their actual emissions are less than the
allowances in a given compliance period, but they cannot borrow allowances from a future
compliance period. The five-year compliance period provides companies some flexibility and

enables them to reduce energy use and CO, emissions steadily through planned investments.

Facilities covered by the program have mandatory emissions reduction obligations during the
five-year compliance period. They are required to report and publish their annual emissions and
emissions reduction plans; third-party agencies verify their annual emissions reductions. During
the first year of implementation, commercial buildings reduced emissions by 11% in comparison

to the base-year emissions (TMG, 2012a).

13 Appendix C is adapted from the following report: Yu, S. and Evans, M. 2013. Post-Occupancy Performance:
Lessons Learned from Global Experience, PNNL-22304. Pacific Northwest National Laboratory; Richland, WA.
' The program requires that compared to the base year, commercial buildings reduce emissions by 8% or more and
industrial facilities reduce emissions by 6% or more during the first compliance period (2010-2014).
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Private Sector Involvement

The program has brought in various stakeholders, especially building tenants and top
management of the real estate sector. TMG started mandatory emissions reporting and voluntary
emissions reduction in 2000. This has raised awareness among stakeholders in the past decade; it
has also made most stakeholders familiar with emissions reporting and reduction measures.
However, when the cap-and-trade program was announced in 2007, there was strong opposition
from the private sector. To motivate stakeholders, TMG built an inclusive stakeholder
consultation process, involved stakeholders in the program design, addressed their concerns and
reached consensus among business groups™; the strong leadership and commitment from TMG
also contributed to the success of the program (Nishida and Hua, 2011). In addition, utilities in
Tokyo collaborated with TMG and provided energy data from large buildings; TMG used energy
use and emissions data collected since 2000 to show stakeholders the energy-saving and
emissions-reduction potential, and this helped convince most stakeholders (personal

communication with TMG?).

To reduce actual energy consumption in buildings, the program needs collaboration between
building owners and tenants. Tenants have the responsibility to cooperate with owners to reduce
emissions and are required to submit energy-saving plans to TMG. Before launching the
program, TMG held seminars for tenants to share experiences of energy efficiency improvement
and help tenants understand the benefits. In addition, the cap-and-trade program covers all large
commercial buildings in Tokyo, so tenants of large buildings could not choose to exempt from
the program (TMG, 2012b).

Link with Building Energy Code and Compliance Mechanism

The Tokyo cap-and-trade program is backed by the Tokyo Metropolitan Environmental Security
Ordinance, which was amended in 2008 and set mandatory energy efficiency requirements for
newly-built large commercial buildings. These energy-saving requirements are used as

prerequisites for new buildings participating in the cap-and-trade program. For existing

Y For example, through the discussion with developers, the roles and obligations of tenants in the program were
strengthened. Another example is that the Tokyo Chamber of Commerce and Industry turned from opposition to
active participation after realizing that the program could benefit small business.

1 PNINL held a conference call with the TMG Bureau of Environment in February 2012; this discussion helped us
understand the Tokyo cap-and-trade program in detail.
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buildings, baseline emissions are set by using actual emissions data in three consecutive years

prior to the program.

The Measurement Law of Japan mandates that electricity and gas suppliers use effective
measurement gauges and install energy meters to monitor building energy consumption, and
large commercial buildings are also required to have sub-metering to monitor power
consumption. Therefore, the actual energy use and emissions of covered facilities are monitored
and measured on an annual basis based on data from metering, sub-metering and utility bills. In
addition, to help facilities verify their base-year emissions and report the current year emissions,
TMG has collaborated with energy suppliers to send facilities their energy use data in the

previous years.

Although the compliance period is five years, TMG requires building owners to report energy
consumption’ to TMG, and to report and publish emissions data as well as plans for energy
efficiency improvements annually. TMG also uses third-party agencies to conduct energy audits
and verify emissions reported by building owners; third-party verifiers need to register with
TMG and renew their licenses every three years. If facilities do not fulfill the reporting and
publication obligations, they will be penalized with fines and public notification of violations.
Similarly, third-party verifiers will be penalized if their obligations are not fulfilled.

The program sets an absolute cap on emissions, and covered facilities have a mandatory
obligation to keep their emissions within their allowances. TMG will do a compliance
assessment after completing the five-year compliance period. If facilities fail to stay within their
allowances'®, they will be penalized with fines, public notification of violations and surcharges

in proportion to their emissions over the cap.
Program Impacts

The Tokyo cap-and-trade program uses both “carrots and sticks” to ensure compliance; this
resulted in high compliance rate and actual emissions reduction. The Tokyo cap-and-trade

program requires covered facilities to submit and publish their emissions and emissions

o Energy consumption data of covered facilities are reported to TMG; because these data are business sensitive,
TMG only uses them for verification and program design improvements, and does not disclose them.

'8 The permitted allowances are the combination of facilities’ own allowances and additional allowances they
purchase.
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reduction plans annually. By March 2012, 1,159 out of 1,348 covered facilities submitted the
report for the first year of the program (TMG, 2012a). 64% of the 1,159 facilities have reduced
emissions by 8% and more, and 26% of these facilities achieved emissions reduction of 17% or
more. A total of 5,764 energy-saving measures have been taken to improve energy efficiency and
reduce emissions. This resulted in deployment of energy efficiency equipment, improved energy
management and behavior change of building tenants. Table 1 includes detailed information on

these measures.

Table 1. Major Energy Efficiency Measures Implemented under the Tokyo Cap-and-Trade

Program
Number
of
Category Mmeasures Examples
deployed
e Upgrading air-conditioning equipment
HVAC e Reviewing and adjusting air conditioner operating hours
systems 1,602 e Reviewing and adjusting operation schedules of fans in
garages
e Introducing adequate natural ventilation
Lighting e Using LED, high frequency, or high luminance lighting
and power | 1,436 e Placing control devices such as motion sensors
systems e Turning off lights when not using rooms
e Upgrade to high-efficiency transformers
Heat e Upgrading chillers
sources 897 e Automatically reset temperature controls by return water
temperature
Equipment e Upgrade to energy-saving vending machine
and 302 e Stopping hot water supply to washroom except winter
appliances
e Developing energy-saving management plan (including
General tenants)
management 275 e Offering energy consumption data to tenants
e Energy-saving education for employees
e Applying building energy management system

(Source: TMG, 2012a)

35




Lessons Learned

Effective program design to ensure energy savings and emissions reduction. The program
requires an absolute cap in addition to an intensity target. The program requires mandatory
emissions reductions; it also uses comprehensive methods to measure and monitor compliance

and sets stringent sanctions for violations.

Comprehensive mechanism to measure compliance. The five-year compliance period gives
building owners some flexibility to make planned investments, but the progress towards
compliance is tracked on an annual basis. The program requires mandatory reporting and
publication of emissions data for all covered facilities and uses third-party agencies to verify
actual emissions. This helps facilities, TMG and the public to track compliance progress and
enforce energy efficiency measures in a timely manner. In addition, the program uses actual
energy use to set baselines and calculate annual emissions; this helps building owners understand
the real effect of improving building energy efficiency. Finally, a comprehensive compliance
assessment is required at the end of the compliance period and severe sanctions will be applied

for noncompliance.

Broad and effective stakeholder outreach and educational program. To gain broad support,
TMG hosted a series of stakeholder consultations and addressed stakeholders’ concerns in the
program design. In addition, the program gained high-level political support and support from
top business executives. Finally, the program is developing a business environment in which

energy efficiency investment is valued by the private sector.
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