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Abstract

This paper explores the role of quantification in energy effi-
ciency policy and research, and advocates for modernizing
quantification practices. Efficiency policy rests on numbers and
stories about these numbers, which together shape problems
as suitable for human action and guide what solutions seem
desirable or possible. This occurs on many levels, from practi-
cal definitions of energy efficiency to long-term policy goals.
Drawing on policy sciences and the philosophy of statistics, we
show why something as basic as quantification merits a closer,
social sciences-based, look.

Energy is used in diverse, complex, and dynamic ways, and
configurations change constantly over time. Numerical summa-
ries and protocols for judging efficiency always reduce and sim-
plify. They are generally poor at conveying change and relation-
ship. So it is crucial to attend to what numerical summaries and
protocols do - what they express, standardize, and hide - and
consequences thereof. The paper analyses some current ener-
gy metrics to illustrate the difference that “how you measure”
makes. In turn, the stories associated with efficiency quantifica-
tion provide schemas of what efficiency means and how it can (or
did) happen. These stories develop to “stick” politically, but often
incorporate little of the complexity of relationships and interac-
tions that are the hallmark of society and energy systems within.
These over-simplifications are especially problematic in the era
of climate change, climate change policy, and internationalism.

The paper suggests improvements to how metrics are used
and interpreted, and underscores the need for more intense

scrutiny of quantification practices and better recognition of
the limits of quantification. There is no perfect metric, but there
is a need to more fully understand what they do, and to create
policy visions and causal stories that better recognize diversity,
interaction, and the role of people in creating and changing
energy use, versus just as buyers and users of efficient hard-
ware. These new stories and aesthetics of quantification can
help bridge gaps between what policy now aims to control and
what would make more difference. This paper explores the role
of quantification in energy efficiency policy and research, and
advocates for modernizing quantification practices. Efficiency
policy rests on numbers and stories about these numbers,
which together shape problems as suitable for human action
and guide what solutions seem desirable or possible. This oc-
curs on many levels, from practical definitions of energy ef-
ficiency to long-term policy goals. Drawing on policy sciences
and the philosophy of statistics, we show why something as ba-
sic as quantification merits a closer, social sciences-based, look.

Introduction

The problems, solutions, and evaluation of energy efficiency
rest in quantitative expressions of energy use. Obviously so: the
original heart of energy efficiency policy is engineering, and as
Salais (2012) comments, governance is increasingly quantita-
tively based.

In everyday work in the field of energy efficiency, energy
use metrics appear relatively objective. Differences between
one form of expression of energy use and another may be no-
ticed but have the flavour of technical details — a by-product
of necessary standardization, but not of much general inter-
est. In fact the topic of energy metrics has been called “lethally
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dull” (Ueno 2010). Despite the ubiquity of quantification in
the energy efficiency field - the estimates we derive, claim, and
quote — there has not been much social scientific (or even sta-
tistical) attention to the social, subjective, and reductive nature
of numbers in expressing, potentiating, and evaluating energy
efficiency,’ nor to the statistical quality of these estimates. How
are energy efficiency expressions defined and derived? How do
they convey and shape activities of a complex world? What are
the unintended consequences of this communication — what
do these expressions see and what do they miss? How are they
accidentally or deliberately misconstrued to favour particular
narratives about value and progress? And what is the general
scientific quality of the number generating and analytical pro-
cesses with respect to the goals and claims made for them?

In the earlier years of energy efficiency research and govern-
ance, policies focused on increasing the efficiency of relatively
isolated elements — insulation, furnaces, etc. — in fairly re-
stricted geographic areas or contexts. This piecewise attention
has since evolved to address larger systems, such as of entire
houses or commercial buildings, a bigger and more diverse set
of end uses and situations, including wildly different ways of
doing whether across individuals or across countries. More
schematically, it has set sites on addressing crossover between
supply and demand (e.g. load curves and renewable supply)
and interactions between sectors, such as transportation ver-
sus residential buildings. Most importantly, it has also been
reoriented to address aggressive policy goals aimed at reducing
total societal greenhouse gas emissions versus the more rela-
tive nature of energy efficiency per se. This moves the game to
a more societal rather than end-use platform. The increases in
scope, depth, and scale brings the importance of interactions
and path-dependency (Labanca and Bertoldi 2013) into view,
as well as cross-cultural cross-social challenges for defining, le-
gitimating, and managing the nature of the energy services that
energy use delivers. The shift of attention from relative to ab-
solute savings also means coming to better terms with the fact
(or experience) that end use efficiency as commonly defined
is often associated with higher energy use overall (Harris et al.
2010), and that energy “wants” often appear unlimited. Neither
of these are fundamental problems if the goal is efficiency per
se, but they matter much more if the goal is absolute reductions
of energy use or energy-related emissions.

The anthropologist Leslie White wrote that “on all levels
of reality ... phenomena lend themselves to description and
interpretation in terms of energy, and argued that societies
with higher and more efficient energy use were more advanced
(White 1943). Though White’s take on cultural evolution now
appears old-fashioned or politically incorrect, it highlights how
very “social” energy metrics can be. Statistical descriptions of
energy efficiency reflect visions of social good and progress, as
Hacking (1983, 1990) argues for statistical descriptions of pop-
ulations in general. If the purpose of energy efficiency policy is
to lower societal energy use with consideration to well-being

1. This is not to imply that the details of standards-making are apolitical, as they
are clearly of interest to market and other stakeholders, and it is well-recognised
that there will be winners and losers in this metricisation. But there is at best narrow
attention to the practical effects of these details in terms of what gets built, sold,
and done.
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and other societal values, then metrics are fundamental to cap-
turing this purpose.

The paper first presents a short background on the history
of statistics and sociological and anthropological interpreta-
tions of quantification, standardization, and the causal fram-
ing of policy problems. It then turns to some of the general
characteristics of energy intensity metrics, as one major type of
energy quantification. The core of the paper presents examples
illustrating dilemmas that occur in defining efficiency and de-
scribing energy use in the real world. The final sections of the
paper generalize across these examples, summarize some cur-
rent challenges, and offer recommendations that can contrib-
ute to progress toward a more modern, more probing, system
of quantification and non-quantification suitable to the global
multi-disciplinary problems of environmental sustainability.

Statistics, commensuration, and power

The field of statistics originated in state-led efforts to describe
and count the populace for purposes of tax collection and es-
timating military resources. These first such assessments were
over two thousand years ago, while modern efforts became
widespread in the eighteenth century, closely linked with the
bureaucracy of the state (e.g., Hacking 1990). Historians of sta-
tistics describe these censuses as far more than a neutral act.
Rather they are a way of defining and controlling a population,
evoking power through counting and categorizing. From here
the field of mathematical statistics developed, first focusing on
characterizing people and then covering other topics (e.g. en-
vironmental characteristics), devising techniques for inference
and compact descriptions of qualities, quantities, relationships,
diversity, uncertainty and so on, which otherwise might be
amorphous, undefined, or incommunicable. This quantifica-
tion and accompanying statistical analyses make the abstract
and diffuse into something visible, comparable, and evaluable.
In so doing it also reifies certain elements of the world, ignores
others, and helps define deviance and normality, sometimes
contentiously so (Anderson 1990, Desrosiéres 1991).

The point of this diversion is to make strange the now very
normal process of quantitatively describing the world and
the flows within it. Sociologists have pointed to the “increas-
ing emphasis of quantification in modern science and policy”
(Espeland and Stevens 2008:402) and argued quantification
has become “the heart of state power” (Espeland and Stevens
2008:417, Salais 2012). The concern in this paper is not the ren-
dition of power per se but rather how quantification and statis-
ticalisation operate with respect to pursuing energy efficiency
and greenhouse gas emissions reductions. This quantification
provides a “grammar” (Espeland and Stevens 2008) of energy
efficiency, so to speak, but a simple one in which only certain
things can be seen and said, and where variability is typically
hidden by averages. This grammar pairs with institutional lexi-
cons of efficiency such as outlined by Lutzenhiser (2014).

The process of quantification of the world is especially inter-
esting in the case of energy use because of energy’s ubiquitous
nature, the invisibility of energy flows, and the need to evaluate
energy use with respect to some measures of social value, be it
a square foot of a house, a passenger-kilometre of transporta-
tion, or the energy sustainability of a city. That is, energy ef-
ficiency metrics and standards require an overall assessment
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of what work was rendered by energy and judgements about
whether this use was efficient. Through numbers and associ-
ated rules (e.g., test protocols or standards) there are mecha-
nisms to describe what is normal, what is good, what is the
minimum acceptable level officially allowed, and what is patho-
logically “wrong” (and thus needs to be corrected or is instead
considered so uncontrollable that it should be ignored). This
standardization, in turn, influences the character and form of
the homes, buildings, cars, etc. built, in general having a level-
ling effect (Shove and Moezzi 2002, Timmermans and Epstein
2010).

Deborah Stone (1989) comments that it is a truism of
policy sciences that difficulties become problems only when
they become seen as amenable to intervention. Thus policy
problems and general solutions to these problems go hand in
hand. Solutions, Stone argues, rest on some image or narrative
of a cause, setting up policy action to pursue proposed repairs
and to attribute responsibility. This causal narrative moves
explanations from fate to a matter of human agency (Stone
1989). In the case of energy efficiency, “market barriers” and
“market failures” have long been posed as the generic cause of
economically-inefficient levels of efficiency, legitimating par-
ticular actors to fix (Stone 1989) these problems. The ration-
ale for applying energy efficiency to address climate change,
however, needs to reach beyond these market explanations, as
many of the most important costs (global air pollution, glob-
al effects, vulnerability, etc.) are external to individualized
cost-benefit analysis.?

As noted above, societal energy use is clearly a highly com-
plex system (or system of systems) (Labanca and Bertoldi
2013). From a social scientific point of view, any energy use
can be seen to be created or shaped by a tangle of circumstanc-
es, interactions, trade-offs, evolutions, etc. These complexities
are difficult to see and address through data collection, be-
cause there are so many moving parts, so much interaction,
so many different ways of doing things, and so many different
nodes, with the nature of interactions differing from one node
to another. However, complex arguments do not have much
leverage in policy-making. Rather, “complex causal explana-
tions are not very useful in politics, precisely because they
do not offer a single locus of control, a plausible candidate to
take responsibility for a problem, or a point of leverage to fix
a problem. Hence, one of the biggest tensions between politi-
cal science and real world politics” (Stone 1989). It may be
increasingly necessary to bring this tension into view, given
the nature of climate change and its effects: global, unevenly
distributed, unpredictable, and highly path-dependent. This
requires sophisticated versions of energy efficiency liaised with
efforts that transcend energy efficiency’s traditional purview
(e.g., societal resilience, land use planning, coordinating sup-
ply and demand).

Energy efficiency and policy research is just beginning to
take on the importance of stories in shaping what the field does
and what it should do. Much of the attention has been on sto-
ries to intended to persuade end users to act in different ways,
not particularly relevant to the topics covered in this paper.

2. Certainly it is possible to frame climate change as an market failure for which
market solutions are available (e.g., The Stern Review).
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But there has been on how energy efficiency policymakers and
researchers use stories to describe and defend (e.g., the “hero
stories” described by Janda and Topouzi 2013), what current
efficiency metrics and indicators convey, or the using stories
to learn about complex processes that standard technical and
quantitative lenses on energy use might miss but are difficult
to observe first-hand (Janda and Topouzi 2013, Moezzi et al.
2014).

Numbers used in energy efficiency policy generally come
along with stories or proto-stories, such as the causal narra-
tives noted by Stone, the hero stories analysed by Janda and
Topouzi, general mental models such as homo economicus or
properly concerned citizens, and most fundamentally, the idea
that increasing the technical efficiency of hardware helps solve
climate change. Given the challenges faced and an increasing
acknowledgment of the need for complexity in describing and
intervening in societal energy use, the simple stories currently
favoured may be a disservice to achieving the nominal goals of
energy efficiency and climate change policy.

One of the aspirations behind this paper is to work toward
exploring opportunities for developing pairings of narratives
and numbers that do a better job of developing a multi-layered
approach to energy sustainability. Ideally this approach could
help support more precise and localized improvements, bet-
ter see important interactions amongst various components of
energy systems (e.g., a dark side of standardization; see Shove
and Moezzi 2002), expose the multi-dimensionality of changes
(e.g., building energy efficiency might also affect air quality,
occupant well-being, and longer-term pathways of technology
development), and balance the narrowness of numbers with
a more realistic social layer that can get at some of the what,
why, and how that create both desired change and less-desired
unintended consequences. While only scantly developed in this
paper, a folkloristic perspective on traditional narrative high-
lights the importance of story structure and organisation (Dun-
des 1962), as well as the innate appeal of somewhat complex
stories or models (e.g., outcomes differing by actor or situation,
path-dependency) as opposed to aphorisms, which are often
not very believable or interesting. Eidelson (1997) discusses
a variety of examples of complexity theory in social and be-
havioural sciences, and Baskin (2008) argues draws parallels
between storytelling and complex adaptive systems.

Figure 1 is schematic of the four main elements discussed
above. Energy use, in all its complexity, is central. This energy
use can be described by a combination of numbers and stories
about (or interpretations of) these numbers, represented as the
two triangles at the figure’s base. The policy triangle is on the
top. Research floats over all four elements. While research and
experimentation may be able to probe complexity and treat
energy use with some intricacy, policy is in a harder position,
since understanding is not doing, doing is always political, and
policy instruments are blunt. This paper, in overview, probes
aspects of how stories and numbers about energy use currently
work together, and how they might work better, to help im-
prove policy effectiveness in the future.

The concepts of energy efficiency quantification and num-
bers evoked in the discussions above have been admittedly
vague. This paper is not able to do justice to a fuller treatment
of numbers in energy efficiency, which include (a) metrics for
energy efficiency; (b) metrics of evaluation;(c) the process of
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Figure 1. Triangulating energy use for policy applications.

data collection; (d) statistical analysis; and (e) “rhetorical” and
false numbers (Lampland 2010). Most of the analysis will focus
on metrics for energy efficiency, in particular pertaining to the
examples described in the examples below.

Energy intensity metrics
To be used in policy, thermodynamic and other physical defi-
nitions of energy efficiency have to be translated to notions of
social output (Patterson 1996). Often this is done through an
energy intensity metric, which express efficiency as the ratio
of energy use relative to a measure of social utility. There are
many dimensions of seemingly simple expressions of energy
intensity. Table 1 lists some of these dimensions. Energy-based
numerators (first row of table) are paired with denominators
that reflect some social output (second row of table). These
ratios may be aggregated (e.g., per capita) or calculated as in-
dividual units (e.g., energy use per occupant in a house). Dis-
tributions across individuals can be summarized statistically,
e.g., as averages, or benchmarked relative to some percentile of
performance. Data are drawn from various sources such as sur-
veys or regulatory filings, and they may often be model outputs
rather than direct measurement. Values can also be adjusted
for various factors toward comparability, such as weather-nor-
malization, or calculated relative to a counterfactual, such as
in technical and behavioural savings potential. Each element
in this array of intensity inputs has various types and degrees
of uncertainty, often unknown and unexpressed. Any metric
on energy efficiency may have a complex pedigree. By nature,
people themselves are not often directly included.
Quantifying energy efficiency frames a process and reduces
its complexity to fit that frame. Energy use per unit floor area,
for example, does not capture house size, total energy use, how
a house is used, or air quality and comfort. In standards, some
of these aspects are conditions of the definition, e.g., that at least
in theory, certain air quality will be achieved. This conditioning
of course is part of the elaboration in standards-making and.
converting “qualities into quantities” (Salais 2012).
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lllustrations of energy efficiency metrics

EXAMPLE 1: 1S ENERGY USE TRENDING UP OR DOWN?

Whether energy use is trending up or down over time is a basic
question, one that at first seems easy to answer anywhere that
supply or consumption are tracked. But in fact it is easy to ar-
rive at either answer with nearly the same set of data or with
various choices about what fuels to count, what standardiza-
tion to use (e.g., per capita, weather-adjusted), or how to define
sectoral boundaries. Figure 2 shows annual U.S. residential sec-
tor energy use between 1960 and 2011 per million people for
two different measures of energy use: net energy use (which
excludes losses from electricity generation) and total energy
use (which includes generation losses and so is higher). These
two options for measuring residential energy give very differ-
ent pictures of consumption trends: net energy use per million
capita shows a satisfying and continuing decline between the
mid-1970s and 2011, while the fotal energy use per capita is
nearly the same in 2011 as it was in 1975.

In describing residential energy use trends in a news brief,
the US. Energy Information Administration featured the
declining net energy use trend (per household), attributing
this decrease in energy use to improved efficiency despite the
increasing size of houses and the proliferation of electronics
(EIA 2012). But the increasing total energy use trend is a more
complete picture for the energy used by the residential sector.
Savings are relative to a counterfactual anyway, so this claim
does not mean that efficiency did not save energy. Rather even
in this simple case, it is easy to legitimately tell quite different
stories with data that appear to be measuring nearly the same
thing. Experienced energy data analysts know the difference
between net and total energy use, but many observers would
not. Rather, authoritatively published data become facts
(Espeland and Stevens 2008), sometimes substituting for much
more general conclusions (e.g., “energy use is going up.’).
This typically happens without accounting for the conditions,
assumptions, and uncertainties, which are substantial for many
of the types of data used in energy efficiency.

The choice of net energy use in the example above isn’t
wrong. The missing energy between the net and total energy
use line can be allocated to the industrial or generation sectors.
But net energy use is not a very good diagnostic for trends in
total energy use by households. In this case, the major source of
conflation is the fact that electricity has become an increasingly
important household fuel over these six decades, some of it
through changing fuels for space and water heating, and some
of it for the proliferation of devices that were uncommon or
did not exist at all.> On the one hand, the claim that energy
use per household has decreased can be seen as defensible
opportunism that helps protect the industry from critics. On the
other, the fact that these sorts of stories persist with apparently
little debate suggests that there is something disquietingly lax
about the level of scientific debate, even that challenge may be
unwelcome. This non-debate limits the ability of the energy

3. The share of electricity in residential energy use increased from 26 % to 70 %
between 1960 and 2011, so the trend lines are not parallel. Also, the ratio between
total energy used for electricity and retail electricity sales gradually declined by
12 % over the five decades shown in the figure: from 3.5 in 1960 to 3.1 in 2011
(i.e., generation losses have decreased over time).
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Table 1. Dimensions of energy efficiency and consumption metrics.

Dimension Examples
Numerators: Energy or Site electricity use
emissions units Total primary energy use

Computed GHG emissions

Denominators: Units of output | Per household

Per square metre

Per person

Gross Domestic Product

Statistical qualities Average
Individual
Distributional (e.g., median)

Data source Census, survey, etc.
Simulated, modelled
Empirical measurement of various sorts

Adjustments Weather-normalized
“Typical” usage (e.g., asset ratings, or "market basket" approach)
Factorial decomposition

Realm Single-family only
Program participants only
Year
80

70

Total Energy Use

60

50

Energy Use Per Million People (trillion btu)

40
A
Net Energy Use
30
20
10
0 T T T T T T T T T T
1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010

Figure 2. U.S. residential energy use 1960—2011 for total vs. net energy use per million capita (EIA 2014).
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efficiency industry to address the level of complexity of the real
world in ways that could actually help better shape and pursue
policy goals.

As to expressing trends in general, there are all sorts of op-
tions for what data to show: expressing trends in one fuel only
(e.g., electricity only rather than accounting for most or all
fuels), expressing total energy use in a geographic area when
say, industrial energy use has been transferred to another
geographic location, the choice of certain starting and ending
points, etc. The Energy Information Administration warned:
“Caution is warranted in the interpretation of residential ener-
gy-intensity indicators since the magnitude and direction of the
energy-intensity indicator changes are dependent on the choice
of the demand indicator” (EIA 1995). It is not uncommon to
find conflicting stories about energy use trends, consumption
estimates, etc., published by the same institution or by vari-
ous reputable scholars. For example, a debate about whether
a sample of LEED-certified U.S. commercial buildings “saved
energy” yielded a number of different answers (Gifford 2008,
Newsham et al. 2009, Scofield 2009, Turner and Frankel 2009).

It would be an omission to not mention the political aspects
of energy efficiency indicators, trends, and other energy quan-
tifications. There is politics of what numbers are presented and
how: in particular, there is a bias toward presenting data in a
light that suits desired narratives. Often the data analysts and
statisticians who are best acquainted with the conditions, as-
sumptions, and weaknesses of their estimates are not the ones
with final authority to see what gets published and how it gets
interpreted. Understandably so, as the livelihood of institutions
often depend on quantifying past successes, promising future
successes, and underscoring the need for them. This process is
clearly difficult to control, while the problems it raises may be
bigger than imagined (Moezzi and Bartiaux 2007).

EXAMPLE 2: MEASURING RESIDENTIAL ENERGY EFFICIENCY: WHERE ARE
THE PEOPLE AND WHAT DO THEY NEED?
Consider the problem of measuring the energy efficiency of
a house in order to compare it to other houses. This arises in
developing building energy codes, in assessing the efficiency of
existing homes, and in benchmarking actual energy consump-
tion of occupied homes. The most basic expression for these
comparisons is energy use per house. Houses vary greatly in
terms of what they provide, such conditioned floor area, and
where they provide it (e.g., in the south of France versus Fin-
land). Various methods are used to adjust for the most obvious
of these differences, such as weather normalization. Likely the
most common method of standardizing house-level energy use
is to figure energy use per unit floor area of total or conditioned
space From an engineering perspective, the per-unit-floor-area
metric is a straightforward and reasonable approach to com-
paring space-conditioning use, which is (and this is a major as-
sumption about what houses should do) presumed to be a core
service making the entire house habitable at any moment. The
per-floor-area metric is ignorant of occupants and occupancy.
Simulation modelling routinely predicts energy use in new
homes based on assumed occupancy and occupant behaviour,
though these assumptions do not necessarily capture actual be-
haviour even on average (Lutzenhiser et al. 2015).

From the perspective of tracking absolute levels of energy
use or greenhouse gas emissions, normalizing by floor area
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has the weakness of failing to capture total energy use. Fur-
thermore, per-floor-area energy intensity metrics put bigger
houses at an advantage with respect to lowering energy inten-
sity (Prahl 2000; Ueno 2010; Wilson & Boehland 2005). This is
both because space conditioning energy use is generally lower
per square foot due to reduced losses through the envelope, and
because (holding other energy-using activities equally), energy
consumption from other end uses are distributed over a greater
area. In one simulation study, a 2,694-square foot [250 square
meters] house had a 30 percent lower energy intensity per
square foot than a 1,700-square foot [168 square meters] house
- even though the larger house was estimated to use 38 percent
more energy (Ueno 2010). The bigger house is thus consider-
ably less energy-intensive but more energy-consuming than
the modest-sized house. Total energy consumption per house
“overflows” the per-square-foot efficiency metric, an Achilles’
Heel from the perspective of reducing total energy use. This
also does not mean that efficiency is necessarily the cause of
bigger houses, though it is possible that it does encourage in-
creased size (Ueno 2010).

One alternative to a per unit floor area energy intensity metric
for a home’s energy efficiency is a “per occupant” energy inten-
sity metric. This is a way of integrating people into the expres-
sion of energy efficiency. Figure 3 shows the results for electric-
ity consumption per person (horizontal axis) versus electricity
consumption per square foot (vertical axis) for a sample of Cali-
fornia single-family homes. The correlation between per-per-
son and per-floor-area measures is 0.36.* There is clear positive
relationship between the two measures, but the relationship is
not very strong. As can be seen from the figure, many houses
that are quite efficient with regards to a per square-foot metric
are among the least efficient houses from the perspective of a
per-occupant metric, and vice versa. To illustrate this point fur-
ther, the quartile ranking of each household was determined for
both the distributions of both the “per-person” and “per-square
foot” metrics of annual household energy use. For natural gas,
for example (not shown), nearly 10 percent of households were
in the top quartile of the per-person distribution, but the bot-
tom quartile of the per-floor-area distribution. Similarly, nearly
10 percent of the top quartile of the per-floor-area distribution
were in the bottom quartile of the per-person distribution. This
is about what would expect if the relationship between the per-
person measure and the per-square-foot measure were statisti-
cally random. In short, describing energy efficiency in terms of
a per-person energy intensity metric can give a much different
picture of a home’s “energy performance” than a description
based on a per-unit-floor-area energy intensity measure.

For many policy applications, specifying efficiency bench-
marks by number of occupants isn't viable. In particular there
are no occupants in a house before it is built. But for under-
standing the energy use of existing houses, a per-occupant met-
ric invites a different perspective for assessing efficiency than a
per-floor-area metric. It better reflects the fact that what people
do, and what they are assumed to need, matters. We don’t know
what would happen if a household that is now low-consuming
with respect to the per-unit-floor-area metric moved into a

4. The analysis based on the California subsample of the U.S. Energy Information
Administration’s Residential Energy Consumption Survey (RECS) for 2009.
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Figure 3. Comparison of electricity use per person vs. electricity use per square foot for single-family California residences (based on EIA

RECS 2009 data).

house that was high-consuming by this metric. The point is not
to judge whether occupants behave “correctly,” but rather to
provide a perspective that invites more attention to a broader
way of defining and achieving energy efficiency. The basic sto-
ries that accompany these two metrics are different, each sug-
gesting somewhat different questions and somewhat different
paths forward.

As discussed earlier, one recommendation from applying a
systems perspective to energy use is to evaluate actual perfor-
mance on multiple levels and compare this to predicted energy
use. In this case, that would include looking at actual energy
use in addition to modelled energy use. To what degree are
houses obtaining the levels of energy performance that models
predicted for them based on nominal efficiency features and
construction characteristics? And if there are systematic biases
or large errors in some cases, why? A second level of evaluation
could include looking at performance from a different angle.
A per-person metric is more aligned with the total energy use
of “the housing system” than is a per-unit-floor-area metric,
which more closely targets efficiency as an independent matter
of technology improvement.

EXAMPLE 3. MODELLING AS AUTHORITY

Models are everywhere in energy analysis, including the devel-
opment of standards and codes, building design, unit end use
consumption estimates, savings potential estimates, evaluation
results, and even the fundamental nature of savings (i.e. Nega-
watts). Models are used because there is often no other choice,
but many of the assumptions therein are hidden, and the fact
that some modelled data have high levels of uncertainty and
little empirical backup may be unrecognized by most observ-
ers (e.g., Unit Energy Consumption estimates; see Lutzenhiser
et al. 2015) Even when modelling estimation can be roughly
compared to empirical data, this is often not done. There has

recently more attention to the difference between modelled en-
ergy use compared to actual energy use in residential and com-
mercial buildings. Though we know of no systematic review of
these comparisons, the general impression is that correlation
between modelled and actual energy use is often fairly low (e.g.,
Halladay 2012, Stein and Meier 2000), modelled energy savings
for upgrades to residential buildings may tend to overestimate
actual savings (e.g., Brown 2012, Lancaster et al. 2012), and
buildings designed to be low-energy may not perform that way
(e.g., Karresand 2012). The point here is not to complain that
modelling is not good enough, but rather to call attention to the
potential importance of paying attention to what accounts for
the difference between actual and predicted energy use, even
where modelled energy use is correct on average. These gaps
may contain a wealth of information, as well as improvements
that can be made by “middle actors” (Parag and Janda 2014,
Brown et al. 2012). Energy use models might in general be seen
as perspectives on problems, rather than surrogates for them,
to use terminology introduced by Strauch (1975).

For another example of why these differences matter, con-
sider the case of regulatory energy efficiency definitions. These
definitions are often based in energy test procedures that rely
on assumptions about how the product will be used (Meier and
Hill 1997). If actual use is much different than these assump-
tions, actual energy use of the installed product might be quite
different as well. This can bias aggregate savings estimates, but
beyond inaccuracy, a product or building that is “energy ef-
ficient” under one set of usage conditions may not be so en-
ergy efficient under different condition. The precision of the
definition of what energy efficiency is and how to achieve it has
consequences. For example, some Australian researchers ar-
gue that home energy efficiency rating systems can antagonize
lower-energy designs for cooling, and make it more difficult to
encourage “free-running” buildings (Kordjamshidi and King
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2009; Williamson 2010). That is, a house that does not need a
mechanical air conditioner can provide lower energy use, and
perhaps comfort that is least as good, as one that does not.

Discussion

Energy efficiency numbers are not as solid as we think they
are or as we use them. Metrics frame social activities, prob-
lems, and solutions in particular ways. Some of what they do
not capture, what falls out of their framing, is important, and
some of what they count and encourage might only appear to
solve problems (Brown 2010). In addition to the subjective and
partial nature of how current conventions quantify energy use
and energy efficiency, measuring the energy flows in real world
processes is difficult statistically. Quantities are uncertain, and
these uncertainties are rarely acknowledged or estimated. From
a statistical perspective, analysis often proceeds with more
confidence, and less critical evaluation, than warranted. This is
conventional and pragmatic — acknowledging uncertainty and
providing alternative interpretations is counter to the clean,
clear, explanations favoured in policy causation and solution
stories. As the scope, scale, and geographic and cultural spread
of energy efficiency efforts expand from their more limited
origin of energy efficiency as a physical property of isolated
processes or material, to addressing goals for extraordinary re-
ductions in greenhouse gas emissions the need to interrogate
the framings of efficiency metrics has grown. The following list
summarizes the main conclusions of this analysis and recom-
mendations that stem from it.

1. Quantification reduces the complexity of real world process-
es. This reduction and standardization is the very point of
quantification, to render certain qualities of processes more
visible, comparable, diagnosable and manageable. In privi-
leging certain qualities of any process, other considerations
fall outside of the frame entirely (e.g. what people are really
doing as opposed to what might be assumed or what is aver-
age, and non-energy considerations such as vulnerability, re-
silience, air quality, equity, etc.). Some aspects are so embed-
ded in the frame that they can’t be seen or questioned (e.g.,
assumptions about what services are required). In planning,
data analysis, and even in public-facing information such as
energy labels,’ it may be useful to routinely present the re-
sults of multiple metrics. For example, a house energy label
might include modelled energy use per unit floor area, to-
tal “asset” energy use, and observed energy use if available.
An analysis of trends in energy use might consider several
perspectives (e.g., electricity use, total energy use, interac-
tions with other sectors, etc.). And finally the qualities that
are often just assumed to be satisfied (e.g., good air quality,
not too much noise) need more attention to be brought into
parity. The emphasis here is less on elaborate compact de-
scription (such as in giant sustainability indicator sets) but
on understanding what’s happening and directing attention
to developments that might be problematic.

5. See Ueno (2010) for a discussion of how this idea might work for home energy
labels. There is reason for scepticism that the public “wants” more elaborate or
sophisticated energy information on their purchases and activities; in general the
policy emphasis has been on providing simple information. However some of this
simple information may not be very helpful.
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2. In focusing attention on certain aspects of energy use (and
the material configurations that set up this energy use), other
aspects or opportunities may be ignored. Further developing
the last point, quantifying processes and setting standards
with respect to these quantities has the tendency to reduce
diversity of the energy use system. These transformations
by nature are often sneaky and difficult to see. With respect
to energy use itself, standardization can also make it more
difficult to produce alternatives that use even less energy
(e.g., smaller houses that meet energy efficiency criteria or
“free running” houses, as suggested above). The metrics that
are used in policy and research should be analysed for what
they capture and what they leave out. For example, as noted
above, absolute levels of energy use are not well-captured
by the parameters of a per-square foot measure of energy
efficiency. So, for any metric, the question should be asked
how well the values that inhere in quantitative expressions
capture policy intents? Or the things that people (in all their
flexibility) value? Any measurement system of energy use
is a simplification, and inevitably, some important consid-
erations will be left out. Evaluation methods should pay at-
tention to blindness and to “overflows” (Callon 1998) both
structurally and quantitatively.

3. People are often left out of data collection, energy use met-
rics, and evaluations, so their role often remains minimized.
Quantitative expressions of energy use can only see what is
measured or modelled. Data collection is always selective,
and can only see certain things while being completely blind
to others (Anable et al. 2014, Lutzenhiser et al. 2015). Be-
cause so little data is collected on what people do, and why,
their role in shaping energy use often remains invisible, or
reduced to whether they buy or act energy efficiently (Lu-
tzenhiser et al. 2015). Modelled energy use is often based on

>«

assumptions of * “average” or “typical” users that have little
empirical basis and in any case cannot capture the variety of
actions, situations, or ingenuity. So more attention to cap-
turing these actions quantitatively (as well as qualitatively, as
argued below) can increase the ability of technologies and

policies to negotiate this diversity.

4. The role of evaluation and learning can be strengthened. One
of the general messages of sustainability science, as well as
of a complex adaptive systems view of energy use (Labanca
and Bertoldi 2013), is that progress and change need to be
assessed from a variety of disciplinary perspectives and at
a number of different levels. This should entail empirical
observation, and not just numbers but also sufficient meta-
information about these numbers, including qualitative in-
formation that helps answer “what are people doing?” and
“why?” As discussed above, models and model outputs are
sometimes imbued with such authority that differences be-
tween modelled and observed results, if noticed, might be
attributed to people doing something "wrong” - rather than,
say, problems with model assumptions, implementation, or
technology design. For example, the rebound effect is often
evoked when measured energy use exceeds modeled energy
use, with the implication that technical efficiency actually
improved but that the lower costs of energy services asso-
ciated with this increase in efficiency were welcomed with
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higher demand for said energy services. This “causation”
is indeed possible but is difficult to prove, and rests on the
tenuous assumptions that energy services are independent
of technical systems and that modeling ceteris paribus is by
nature quite accurate. A more illuminating approach would
include attention to what predictive modeling might mis-
represent or how well technological change was implement-
ed. In turn the problem is no longer just correcting what
people are doing or ignoring it as a matter of nature, but
developing more constructive applications of modeling.

5. The quality of statistical and data analyses in energy efficien-
cy is often lax. Large data sets and analysis tools are now
widely available, and figures, regressions, p-values, and tests
named for obscure statisticians can be generated with little
training. Big promises are being made for big data. Doing
high-quality data analysis is difficult and requires educa-
tion, experience, good quality tools, and institutional and
managerial appreciation of this expertise. At present, the
state of this expertise, for high quality policy-facing statisti-
cal analysis, seems poor in the United States. In combina-
tion with often intense pressures to tell a good and simple
story rather than muddy waters, and the limited quality
and availability of data anyway, many of the numbers now
used may be suspect. Put another away, carefully controlled
physical experiments aside, it is not in the nature of statisti-
cal analysis to tell simple unequivocal stories involving cer-
tainty, causation, and uniformity, while it is in the nature
of policy-support funding, reporting, and advocacy to tell
them. There are limits to how well statistical vagaries can be
made intelligible to non-statisticians.

One way to improve this situation would be to deliberate-
ly increase the presence of statisticians and well-trained data
analysts in the energy efficiency workforce. Another (more
difficult) improvement would be to encourage debate about
the quality of statistical expressions and alternative inter-
pretations. Both of these changes could help strengthen the
translation of raw data and publicly-expressed “facts” Here
more statistical leadership and some relatively open study
about how various institutions currently manage quantifi-
cation and its interpretation would be most welcome. Such
work could bring insights both in statistical and social sci-
entific practices as well as in the improved acknowledgment
and management of uncertainty and careful realism as to
data limitations (see Morgan et al. 2009) which are now
largely ignored. Finally, good statistical analysis can help
identify interesting instances of variability, and attention to
these cases may provide insight into what can be learned
and uses from these non-average situations.

6. Value complex knowledge and investigation that is not quan-
tifiable or has not been quantified. Some of the best statisti-
cians who have done applied work have stressed that num-
bers and common statistical analyses cannot see everything,
and in fact can highly misleading especially when they are
not accompanied by careful on-the-ground investigation
and analysis (Freedman 1991, 1999, 2009). An insistence
on quantification (e.g., as required to defend funding, or to
legitimize more qualitative observations) can lock out atten-
tion to this kind of knowledge. It is commonly said that “you
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can’t manage what you can’t measure.” This scientific prov-
erb is often attributed to the statistician and quality man-
agement pioneer W. Edwards Deming, who in fact said the
opposite: that it's a mistake to think that everything impor-
tant can be measured (Deming 2000). In the field of energy
sustainability indicators, one way around this has been to
combine indicators with “stories” — narratives and explana-
tions from experts in the field that explain whats behind
the indicator — what it shows and what it misses (HELIO
International, Williamson et al. 2009). This constructive
approach is quite different from reading an indicator in its
simple form and may be enough to seed better approaches.

Final Words

There is room for much more attention to practices of quantifi-
cation and story-telling in energy analysis, research, and policy,
and to find ways that quantitative and qualitative information
might complement each other to raise the game of energy poli-
cy making to better suit the challenges of global climate change.
Drawing across the observations made in the previous section,
here is the elevator pitch:

¢ Numbers about energy use may be far less reliable and more
labile than they are generally considered to be.

¢ We need much more attention to how numbers are gener-
ated, what they can mean, and what they miss. This will
require leadership and perhaps institutional change. It will
also require better recognition of the limits of energy use
quantification, given the complexity, diversity, and dyna-
mism of the world it tries to capture, and the nature of data
available, which is selective, uncertain, and often atemporal.

e We also need more attention to the relationship between
research and policy, and the two way bridge between them.
Developing appropriately complex stories to accompany
numbers may aid communication between these two realms
and ultimately the effectiveness of both.

These issues can be studied as matters of organisational and
industry practice, and are ripe for open discussion.
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