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A B S T R A C T

This research explores the wide range of measurement techniques used to evaluate innovation in businesses.
We suggest a potential method for developing theories by combining the collective knowledge of academics and
practitioners with a synthesis of prior empirical findings. There are differences in opinion among experts and
scholars regarding innovation measurement in the discourse. While some argue that analyzing the mechanisms
promoting innovation is important, others stress the significance of analyzing its results. The discussion also
touches on how much companies should develop their capacity for innovation in order to remain competitive
in the marketplace. The usefulness and validity of different metrics and tools for measuring innovation remain
controversial despite decades of research, with conflicting findings frequently appearing in published literature.
We argue that innovation is a continuous process, as demonstrated by the results of applied research and
development (R&D), which are informed by engineering practices, theoretical understandings, end-user needs,
sustainability, and environmental impact. This study adds to the current conversation by putting forth a
nuanced viewpoint that recognizes the complexity of innovation and pushes for an all-encompassing method
of measurement.
1. Introduction

According to Peter Drucker ‘‘you can’t manage what you don’t
measure’’ [1]. Innovation is the introduction of a new or significantly
improved process, product (goods and service), or a new marketing/
organizational method in business practices [2]. In nutshell, it is the
adoption of any innovative idea or practice that led to technological
advancements, improvement of processes and transformation of our
behavior to ensure eco-friendly systems and better cost-effectiveness
in the operations and outcomes [3]. But for many businesses, assess-
ing, evaluating, and benchmarking innovation skill and practice has
remained an important but challenging challenge [4,5]. Measuring the
intricate processes that could affect any organization’s capacity for
innovation is crucial for assuring optimal management in this situa-
tion [6]. The contradictory views by different scholars have further
made the debate critical between use of experience and wisdom versus
scientifically designed tools and metrics to measure innovation [7].
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Although some contend that measuring aids in the audit of structural
antecedents, procedures, and results, others contend that measurement
deters managers from taking risks in order to explore more innovative
ground-breaking ideas [8]. Evidence suggests that innovation measure-
ment impedes and even prevents innovation since it puts pressure on
the contributors to focus more on narrow objectives than a broader
vision [9–11].

The purpose of this paper is not to evaluate either the merits of
measurement metrics or their intriguing role in inhibiting innovation
efforts. But it aims to explore possibilities to conceptualize theoretical
models to guide green business practices by drawing inputs from empir-
ical literature and authors’ wisdom for further testing and validation.
In addition, it intends to review whether the social innovation metrics
can be aligned with business process innovation so that sustainability
issues associated with the quality of life and environment are ade-
quately addressed [12]. There is hardly any perfect means to fulfill
such requirements and hence we cannot rule out the importance and
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relevance of certain informal components that may aptly correlate with
cultural diversity to ensure sustainability practices in a multi-cultural
society like India. Thus, incorporating inputs through experiences and
wisdom in to designing metrics may justify the scope of application of
normative perspectives to satisfy the sense of being ‘‘good for society’’.
However, the main practical problem that we may confront is the
validity of any metrics to varied situations and contexts, although there
could be similarities in terms of resources used, technology involved,
and the type of customers are being served [13].

For this goal, two ideal forms of measurement methods have been
identified: I conversational measurement, which is based on the use
of various and ambiguous metrics, and (ii) directional measurement,
which is based on the use of a few and unidirectional measurements.
Our paradigm outlines the possible methods through which directional
and conversational measurement could influence the effectiveness of
attention, extension, and creativity. We explain how various degrees
of ambiguity, or the inability to clearly understand or discriminate
between problems and possible courses of action, may call for various
assessment approaches. The main claim is that directional measuring
is necessary in low-ambiguity settings because it enables prolonged
and continuous attentional concentration. Conversely, more ambiguous
circumstances necessitate verbal measurement. This is so that orga-
nizational members can think about various concerns and potential
courses of action. Conversational measurement engages attention in a
bottom-up approach.

The objective of this research paper is to re-examine the parameters
of eco-metrics that are related to innovation. To achieve this goal, this
study will use secondary qualitative and quantitative data analysis and
review existing research published in journals with similar agendas.
By employing these methods, the researchers aim to gain a deeper
understanding of the current state of innovation-related eco-metrics
and identify areas where further research is needed. In other words,
this paper aims to contribute to the existing knowledge on innovation-
related eco-metrics by exploring the existing literature and analyzing
relevant data.

2. Literature review

This section presents some important literature focusing on the
aspect of innovation and the related eco-metrics used to measure it in
organizations.

Environmental problems brought on by over use of natural re-
sources have prompted the need for a more sustainable, circular, and
digital future. While research on eco-innovation and the circular econ-
omy has made strides in finding sustainable solutions, the impact of
population changes, and digitalization has yet to be fully addressed.
The research by Hojnik et al. [14] investigates the implications of de-
mographic shifts and digitalization on eco-innovation and the circular
economy business practises. According to interviews with 10 Slovenian
businesses, they are adjusting to changing expectations and utilizing
digitalization to develop more sustainable goods, resulting in lower
energy usage and environmental effect. The findings shed fresh light
on the adoption of eco-innovations in the circular economy. Recent
studies have recognized green staff (an individual who lacks experience
in a specific field or activity is referred to as ‘‘green.’’) as a useful
resource for eco-innovation, although empirical research is lacking due
to the concept’s ambiguity [15,16]. The article by Schmidt-Keilich et al.
[17] investigates the potential for eco-innovation of ‘‘creative green
personnel’’ by interviewing employees from four small to medium-
sized green enterprises in Germany. According to the survey, these
employees largely contribute to corporate eco-innovation by producing
and debating pro-environmental ideas connected to eco-friendly con-
sumption at work. The findings also imply that these individuals use
their environmental expertise, networks, honesty, and business culture
of conversation to influence their colleagues’ attitudes and actions as

environmental role models and opinion leaders [17]. Growing concerns
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about environmental degradation and the need for businesses to adopt
eco-friendly practices have drawn a lot of attention to the intersection
of sustainability and business strategy in recent years [18–20]. This
has sparked investigation into the motivations behind, effects of, and
methods for measuring different facets of green business strategies
[21]. Green business strategies are being made possible in large part
by digitalization, which makes it easier to incorporate environmental
factors into organizational decision-making processes [22,23]. Through
the utilization of digital technologies like artificial intelligence (AI), in-
ternet of things (IoT), and data analytics, businesses can enhance their
environmental performance by optimizing resource utilization and low-
ering emissions [24–26]. Digitalization makes it possible, for instance,
to monitor energy use in real time, maintain machinery predictively to
reduce waste, and optimize the supply chain to lower carbon emissions
[23,24,27,28]. Thus, developing successful green business strategies re-
quires an understanding of how digitalization promotes eco-innovation
and sustainable practices [29,30]. The literature also emphasizes how
crucial human capital is to organizations’ efforts to promote sustainabil-
ity and eco-innovation [31,32]. Green staff, which consists of workers
with knowledge of renewable energy, sustainable design, and envi-
ronmental management, are essential in promoting green projects and
developing a sustainable culture [33–35]. Their expertise, abilities,
and dedication to environmental conservation aid in the creation and
application of creative green business plans [36]. Thus, it is crucial
to look at how green employees affect organizational sustainability
and eco-innovation in order to comprehend the human aspect of green
business strategies [37,38]. Furthermore, the literature emphasizes the
necessity of accurate eco-innovation metrics in order to evaluate the
success of green business initiatives and monitor environmental goal
advancement [39,40].

Alamsyah et al. [41] argue that undoubtedly most of the customers
prefer eco-friendly products, processes, and services, but that does not
mean, they are competent to measure the impact of such products
and services. On the other hand, Wu and Chen [42] propose that the
value of any eco-friendly product or process must be measured through
customers’ perception about their attributes or characteristics. As ob-
served by Sheth et al. [43] and a decade later by Sweeney and Soutar
[44], there could be some types of perceived values such as functional,
social, emotional, epistemic, conditional, and monetary, to evaluate
the worth of any eco-friendly innovation. Much later, Chen and Chang
[45] argued in favor of similar measurement options to satisfy or
address value of innovation, social expectation, environmental pro-
tection, and environmental benefit. According to Gallucci et al. [46],
eco-innovation is crucial for fostering rapid economic growth in every
nation and they have used the Grubel–Lloyd index for measuring the
socio-economic performance of an innovation and favored its inclusion
in eco-innovation scoreboard measurement. It includes 16 indicators
used for measuring performance of EU countries, and they were di-
vided into five distinct components: (1) inputs for eco-innovation (R&D
appropriations, staff and researchers and green investments in early
stages); (2) environmental innovations (companies that have imple-
mented innovation activities aimed at reducing material and supplying
energy per unit of output); (3) Resulting eco-innovation (measured
through patents, publications and media coverage); (4) Environmental
outcomes, or advantages for the environment as measured by the
‘‘productivity’’ of resources like materials, energy, and water as well as
the ‘‘intensity’’ of greenhouse gas emissions; and (5) socioeconomic out-
comes (based on performance data of ‘‘eco-industries’’, including those
relating to exports, employments and turnover). However, the Grubel–
Lloyd index has not been found to be adequately effective to measure
intra-industry trade and its impact on environment and sustainability.
In their conclusion, Gallucci et al. [46] reiterate that modern society
requires new evidence and literature approach to explore more com-
prehensive and contextually relevant indicators and matrix to measure
said impact. The model referred here was used in EU countries and
had its own limitations. Hence, it will not be unjustified to assume
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that a similar measurement model may not be effective for southeast
Asian countries, especially India. Conventional metrics, like the Grubel–
Lloyd index, may not fully capture the range of eco-innovations taking
place within companies since they largely concentrate on trade-related
aspects of environmental performance [46,47]. Consequently, there is
an increasing awareness of the shortcomings of current metrics and the
requirement for more thorough frameworks to assess eco-innovation
along various dimensions, such as organizational procedures, process
innovation, and product innovation [40,48]. Researchers can identify
gaps in the literature and develop new methodologies, like the proposed
index in the current study, to address these shortcomings and provide
a more comprehensive assessment of the impact of green business
strategies on environmental sustainability. This can be achieved by
conducting a systematic review of current measures of eco-innovation
and their limitations.

Further, Arundel and Kemp [49] observed that to measure eco-
innovation, no one method or metric is likely to be suitable. So, that
space must be kept open for research and exploration with prospective
indigenous and local perspectives. It is advocated for developing theo-
ries on the links between trade, innovation, and environment [50,51].
From the perspective of academic research, innovation measurement is
equally crucial. The most prevalent innovation metrics may include the
following such as a proportion of yearly sales, the annual R&D spend,
number of papers submitted, the percentage of sales that the whole
R&D manpower or budget represents, quantity of ongoing projects,
number of suggestions made by staff, percentage of sales for items that
were just released X years ago (s), Return on investment, Organization
capability metrics, and Leadership metrics, etc.

3. Results and discussion

Based on the understanding through literature review and authors
own professional experience, some of the most relevant and rational
eco-innovation indicators [52–60] may include the following such as
Industry R&D spending on environmental protection, percentage of
businesses using ISO14001 or EMAS, percentage of businesses with
environmental officers or goal statements, the perception of Eco inno-
vation by managers, percentage of the government budget allocated
to the ‘‘Green Tax’’, Government spending on environmental R&D
as a share of all R&D spending and as a share of GDP, utilizing
environmental grants for eco-innovative projects, Financial assistance
from government programs for eco-innovation, Demand for environ-
mentally friendly goods, Expenditures on the environment in university
and college research, Costs of waste management (landfill tariff etc.),
opinion of the executive about environmental regulation (Stringency
and transparency), Perceptions of eco-innovation, Number of attendees
and frequency of conferences and seminars on eco-innovation, the
worth of ‘‘green funds’’ provided by financial institutions to innovative
businesses, Managers’ views of the general excellence of environmental
research in academic institutions, The proportion of market incumbents
to eco-startups, Contingents’ diversification efforts and investments in
minor ventures outside of their core businesses, Eco-patents per million
populations in triadic patent families, Environmentally conscious busi-
nesses’ material productivity (TMR per capita or GDP), and proportion
of eco-innovative businesses to all businesses (may need to divide into
manufacturing and services).

Innovation is frequently assessed using metrics that emphasize rev-
enue generation, cost containment, and operational effectiveness, but
they frequently overlook the effects innovation has on the environ-
ment and ecology. By re-examining eco-metrics parameters related to
innovation, this research paper seeks to close this gap. We aim to
discover and suggest new eco-metrics for evaluating the environmental
effects of innovation through secondary qualitative and quantitative
data analysis and literature reviews of published research journals
with related agendas. Metrics like the percentage decrease in elec-

tricity use, fuel consumption for company cars, reductions in carbon
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emissions, gallons of water saved, and waste diversion are examples
of these eco-metrics. Organizations can optimize their environmental
footprint and promote sustainable business practices while reducing
environmental impact by integrating these eco-metrics into innova-
tion measurement frameworks. By offering useful advice to companies
looking to strike a balance between innovation and environmental
responsibility, this study adds to the continuing conversation about
innovation measurement and sustainability.

The research will conclude with the identification of new eco-
innovation-related metrics parameters that can be included in the
assessment and better decision making. The details of innovation that
can take place for the several reasons namely such as higher cal-
iber, the expansion of the product line, the creation of new markets,
lowered labor expenses, enhanced manufacturing procedures, fewer
materials used and lighter products Decreased environmental harm,
product/service replacement, decreased energy use, and regulatory
compliance. Green business model innovation is when a change in
business model has an impact on reducing ecological footprint in
the lifecycle context. Innovation can be incremental or entirely new.
Process of innovation can be measured as input, output/impact, and
indirect impact. Data can be collected through surveys, etc. It needs
to be measured at the organization, product, and process-level also.
Another distinguishing factor could be evaluating the development of
new products or the use of new technologies, services, and business
methods. Any innovation happening in sustainable business will influ-
ence the organization, society, economy, and environment [61]. So,
innovation metrics need to be analyzed from all these dimensions. Some
of the examples of green business include:

3.1. Green or sustainable business

Businesses that stress social responsibility, economic viability, and
environmental sustainability are referred to as ‘‘green’’ or ‘‘sustainable’’
businesses [62–64]. The companies work to maximize their beneficial
effects while minimizing their detrimental effects on the environment
and society [65,66]. It is frequently used sustainable resources, eco-
logically friendly technologies, and fair labor methods [67]. Using sus-
tainable business methods has several advantages [68]. One benefit is
that it can lessen an organization’s carbon footprint and environmental
impact, which can result in financial savings and a favorable reputation
with customers who value sustainability [69,70]. Also, as workers
frequently experience greater fulfillment when working for a company
that shares their beliefs, it can result in greater employee happiness
and productivity [71]. Finally, because these are more able to adjust
to shifting market and regulatory situations, sustainable businesses are
frequently better positioned for long-term success and growth [72,73].
In general, businesses are increasingly realizing the need to strike
a balance between economic growth and social and environmental
responsibility, which has led to a rise in the popularity of green or
sustainable company [74]. The dimensions of sustainable development
are shown in Fig. 1.

On the other hand, there are some other dimensions explained: (i)
Environmental Technologies: The following sub-dimensions are con-
sidered for environmental technologies such as technologies for con-
trolling pollution, pollution cleaning technologies and cleaner pro-
cess technologies, waste management equipment, and noise and vi-
bration control [76,77]. (ii) Organizational Innovations: The following
sub-dimensions are considered for organizational innovations such as
schemes for preventing pollution, environment auditing and manage-
ment systems, and efficient chain management minimizing environ-
mental damage [78,79]. (iii) Product and Service Innovation: The
following sub-dimensions are considered for product and service in-
novations such as new product which is environmentally improved
e.g., eco-houses and buildings, environmental service: water and waste
management, environmental consulting, etc., and less polluting and
resource-intensive services [80,81]. (iv) Green System Innovation: The
following sub-dimensions are considered for green system innovation
such as alternative systems of production and consumption that are
better than the existing systems: biological agriculture, etc. [82,83].
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Table 1
Existing metrics for organization’s perspective.

Input measures Intermediate output measures Direct output measures Indirect impact measures

Organization metrics [84–88]

R&D expenditures Number of patents Number of innovations Changes in resource efficiency
and productivity

Financial subsidies Waste management cost Number of patents Green taxes

Market demand Number of types of scientific/
academic publications

Executive opinion on
regulations

Environmental subsidies Manager’s opinion on
environmental research

Expenditure in research Material productivity

Number of R&D personnel Data on sales for new products

Government spending on environmental R&D
as a percentage of all R&D spending and as a
percentage of GDP

Frequency of Eco-Innovations workshops and
number of people attending it

Return on investment

The ratio of green start-ups to incumbents

Innovation expenditures

Share of the eco-innovative firm as a
percentage of all firms

Quantity of ongoing projects

% of sales from items that have been on the
market for x years

Number of ideas submitted
Fig. 1. Dimensions of sustainable development.
Source: Steinbrink [75].

.2. Existing metrics as per literature review

The following metrics have been identified from the literature re-
iew. Tables 1–3 show the existing metrics for organization’s perspec-
ive, social perspective and environmental perspective respectively.

.3. New metrics

The following new metrics have been identified from the literature
eview. Table 4 discusses about new metrics.

.4. Understanding of the new metrics parameters

(i) R&D Expenditure is for waste reductions, reduction in resource
se, greenhouse gases emissions, pollution Control, etc. These are more
pecific values that can be mentioned for each area. E.g., Innovation
ertaining to water reduction can incur an expenditure. (ii) Percent-

ge Productivity Change: One of the desirable features of innovation
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is to improve productivity. The amount of change in productivity
determines the success or failure of productivity change. (iii) R&D
Expenditure as a percentage of sales: Innovation is about capturing
market with the implantation of a particular idea (cash is invested).
Innovation is successful if it has better market penetration. The amount
of R&D expenditure as a percentage of sales. Usually, a 5X ratio is
considered appropriate. (iv) Novelty, Usefulness: Qualitative measures
specify whether the idea is new and useful to the end-user. Both are
qualitative measures. Novelty can be useful for patenting purposes also.
(v) Addition of several new products: the quantity of new products
added by the organization indicates the innovativeness in the product
portfolio listing of the organization. E.g., Samsung introduces many
new model numbers with a slight modification of features provided
to the end-user. (vi) Improvement in Quality: Social, Environmental,
Organization dimensions of improving quality are to be looked upon.
The social quality dimension can improve product innovation. Quality
training can improve the skills of the employee, thereby improving
team performance. (vii) Return on Investment: The effectiveness of
innovation is assessed by the returns received during the go-to-market
strategy. (viii) Actual vs. Targeted Breakeven time (BET): The success
depends on the amount of time in which the invested amount is
recovered. Faster the BET, the better the innovation. (ix) time spent by
executives on strategic innovation compared to daily tasks: It indicates
the amount of time spent on innovative activities. More the percentage,
better focus of the organization on innovation activities. (x) percentage
of sales or profits from goods or services that were only released X years
ago: This is for the launched products in the market. Revenue or profit
earned in the past X years determines whether we can continue with
the same product in the market or not. (xi) percentage of managers who
have received training in innovative concepts and techniques: Several
managers/leaders who have undergone innovation concept training.
(xii) percentage of projects involving new products, services, or strate-
gies that have executive sponsors: From an organizational perspective,
each leader or manager should be assigned to at least one innovative
idea or product/service. More the numbers better it is. (xiii) how many
managers become CEOs of new categories of businesses: Innovation in-
dicates to the creation of new products and services. Each product and
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Table 2
Existing metrics for social perspective.

Input measures Intermediate output measures Direct output measures Indirect impact measures

Social innovation [89–93]

Newness Co-patenting activities Exports of products from eco-industries

Multiple dimensions of
improvement

Triadic patents per million
population

Employment in eco-industries

Qualifying improvements Firms having
National/International
collaboration

Turnover in eco-industries

Sector neutrality Level of emergence (individuals, org, etc.)

Attitude towards
eco-innovations

Legitimacy of social needs Percentage of households having access to
broadband/ICT

Social demands’ pressing
need

Graduation rates at a doctorate level

Entrepreneurship in economies: Perceptions,
intentions, and social attitudes

Self-employed by birthplace

Citizens’ attitudes and interests toward science
and technology

Percentage of respondents that support
pursuing the development of new technology
despite the fact that it may provide an
unknown risk
Table 3
Existing metrics for environmental perspective.

Input measures Intermediate output
measures

Direct output
measures

Indirect impact
measures

Environment metrics [84,85,87,94,95]

The total value of a
green early-stage
investment

Green patents Jobs creation green
technology industry

Number of
eco-patents

Market size of green
industry

#ISO 140001
registered
organizations

Decreased material
input to production
ratio

Decreased energy
input to output

Implementation of
environment
regulations

Activeness of
renewable energy
utilization

service later require a manager/leader to handle it. (xiv) Percentage
change in the amount of waste produced and Severity level (Level 1
to 4): Pollutions level is including SO2, NOx, CO, PM10, PM2.5, CHG,
Toxins and Run-off. The amount of change between the old level and
the new level of pollution, toxins, or run-off. If the percentage change
is negative, it means there is a positive impact on the environment and
vice versa. (xv) Percentage reduction of electricity usage: Reduction in
electricity usage, less the cost in the generation of electricity using fossil
fuels, etc. (xvi) Percentage change in fuel consumption for company
vehicles: Reduction in electricity usage, less the cost in the generation
of electricity using fossil fuels, etc. (xvii) Percentage carbon emissions
reductions: Reduction in carbon emissions. Fewer carbon emissions,
better for the environment. (xviii) Gallons of water saved: Reduction
in water consumption is better for the environment. (xix) Percentage
change in properties of water quality namely: it includes Acidity (pH)
and Dissolved Solids. More acidity and dissolved solids, more it will

be harmful to human beings. (xx) Particulate matter turbidity: More
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the turbidity, more harmful to human beings. (xxi) Increased waste
diversion: More the turbidity, more harmful to human beings. (xxii)
Amount of labor and material cost reduced: Lesser material and better
quality of material help in reducing the price and passing its value to
the customer.

With the help of this study, we aim to examine various measuring
techniques and suggest a prospective theory-building procedure based
on previously published empirical data as well as our own expertise
and knowledge. We think that innovation is a continuous process that
is demonstrated by the results of applied R&D that are informed by
theoretical knowledge, engineering standards, and knowledge of what
can be advantageous for the environment and end users as well as
sustainable. Many metrices have been identified from the previous
literature and identified in this study. Metrics for innovation are crucial
for assessing the effectiveness and impact of green business strate-
gies. Some important metrics we should think about to environment
and sustainable development. The carbon footprint reduction statistic
calculates how much greenhouse gas emissions a company has cut
thanks to its environmentally friendly business practices. This can
entail lowering energy use, moving to renewable energy sources, or
putting in place sustainable transportation alternatives. By recycling,
composting, or using other techniques, a corporation can reduce the
quantity of garbage that ends up in landfills. This can be discovering
ways to reuse materials or minimizing packaging waste. The water
conservation indicator calculates how much water a business has saved
by employing water-saving techniques such installing low-flow fix-
tures, using drought-resistant landscaping, or putting in place water
reclamation systems. The renewable energy use metric calculates what
proportion of an organization’s energy needs are fulfilled by renewable
energy sources like solar, wind, and hydropower. The percentage of
a company’s goods that are manufactured using sustainable materials,
are made to be recyclable, or have a lower environmental impact is
measured by sustainable product development. The extent of employee
involvement in the company’s green activities is measured by employee
engagement. Participation in volunteer activities, sustainability train-
ing, or employee-led green teams are a few examples. The degree of
customer involvement in the business’s green activities is measured
by customer engagement. These could include client comments on
environmentally friendly items, client purchases, or client involvement
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Table 4
New metrics.

Input measures Intermediate output measures Direct output measures Indirect impact measures

Organization metrics

More specific metrics:
R&D Expenditure for:
a. Waste reductions
b. Reduction in resource use
c. GHG emissions
d. Pollution Control, etc.

Percentage productivity change

R & D Expenditure in comparison to the
number of sales

Novelty (Qualitative)

Usefulness Number of new products added

Improvement in quality

Return on investment

Actual vs. Targeted breakeven time
(BET)

Percentage of executive time spent on
innovation compared to daily tasks

Percentage of sales or profits from goods
or services that were released in the last
X years

% of managers trained in innovation
concepts and techniques

% of projects involving new products,
services, or technologies that have
executive sponsors

How many managers become CEOs of
new categories of businesses

Environment metrics

Percentage change in the amount of
waste produced and Severity level (Level
1 to 4)
1. Pollutions

a. SO2
b. NOx
c. CO
d. PM10
e. PM2.5
f. CHG

2. Toxins
3. Run-off

Reduction in electricity use as a
percentage

Change in percentage of fuel usage for
company vehicles

Percentage reductions in carbon
emissions

Gallons of water saved over time

Percentage change in properties of water
quality namely:
1. Acidity(pH)
2. Dissolved solids
Particulate matter turbidity

Increased waste diversion

Amount of labor cost reduced

Amount of material cost reduced
in environmental causes. Companies can monitor these KPIs to gauge
their progress toward sustainability objectives and spot areas where
their green business practices need to be strengthened.

4. Theoretical and practical implications

By incorporating environmental considerations into the conceptual
framework, the process of conceptualizing and theorizing innovation
metrics for green business practices advances the field of innova-
tion theory [96,97]. This integration deepens our understanding of
innovation as a complex process that includes environmental sustain-
ability in addition to technological and economic aspects [98,99]. The
study closes the gap between innovation theory and sustainability
6

discourse by measuring innovation using environmental metrics [98,
100]. It emphasizes how crucial it is to take into account ecological
effects in addition to conventional innovation performance metrics,
promoting a more comprehensive understanding of organizational in-
novation processes [101,102]. Measuring models are enhanced by the
creation of innovation metrics specific to green business practices,
which provide additional factors and perspectives for evaluating in-
novation performance [103,104]. By improving measurement models’
comprehensiveness and validity, this expansion gives academics and in-
dustry professionals’ stronger instruments for assessing and comparing
innovation projects [105,106]. Research on sustainability, innovation
studies, environmental science, management theory, and other fields

may all provide insights into the conceptualization process [100,107].
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Through the cross-fertilization of concepts and methods, this inter-
disciplinary approach enriches theoretical frameworks and promotes
creative thinking in both the academic and practical spheres [108,109].

Organizations looking to match innovation efforts with environmen-
tal sustainability objectives can benefit from the conceptualization of
innovation metrics for green business practices [97,110]. Organizations
can allocate resources and efforts towards sustainable development
initiatives that promote eco-friendly innovation by identifying and
prioritizing key environmental metrics [111,112]. Organizations can
assess how well they integrate environmental considerations into their
innovation processes in a systematic manner thanks to the devel-
opment of standardized innovation metrics [98,113]. Organizations
can monitor their progress toward sustainability goals and promote
continuous improvement by benchmarking against industry peers and
best practices [114,115]. The availability of customized innovation
metrics makes it easier for managers and other decision-makers to make
data-driven decisions by giving them practical information about how
innovation projects will affect the environment [116,117]. In order to
ensure alignment with sustainability objectives, this helps organizations
to make informed decisions about the allocation of resources, invest-
ment priorities, and strategic direction. The ability of organizations
to communicate their sustainability efforts to stakeholders, such as
investors, customers, regulators, and the general public, is improved
through the clear and transparent measurement of environmental per-
formance metrics [118,119]. Strong reporting systems build brand
reputation, promote trust, and show an organization’s environmen-
tal stewardship commitment [120,121]. By identifying and rewarding
projects that have a positive environmental impact, green innovation is
encouraged when environmental metrics are included into innovation
measurement frameworks [103,122]. This encourages staff members
to provide concepts and solutions that tackle environmental issues
and cultivates an innovative culture that places a high priority on
sustainability [123,124].

5. Conclusions, limitations and scope of future opportunities

The study investigates the different methods of measurement and
propose a future theory-building process based on our own experience
and knowledge as well as previously published empirical data. We
believe that innovation is a constant process that is exemplified by the
outcomes of applied R&D that are guided by engineering standards, the-
oretical understanding, and understanding of what can be sustainable
and beneficial for the environment and end users. Numerous metrics
have been identified in this study and in earlier literature. Innovation
metrics are essential for evaluating the impact and efficacy of green
business initiatives. A few crucial metrics for the environment and
sustainable development that we should consider. The research consti-
tutes a noteworthy advancement in the assimilation of environmental
factors into innovation theory and practice. Further insights into the
dynamics of green innovation processes can be gained through the
creation of innovation metrics specifically designed with environmen-
tal sustainability in mind. Through clarifying the connection between
innovation and environmental performance, organizations are able
to comprehend the mechanisms that propel eco-friendly innovation
endeavors with greater depth. The development of green innovation
metrics emphasizes how important it is for businesses to coordinate
their innovation initiatives with more general sustainability objectives
[125]. Organizations can more accurately evaluate their contributions
to sustainable development and environmental stewardship by incorpo-
rating environmental factors into innovation measurement frameworks.
The suggested innovation metrics provide organizations looking to op-
erationalize green business practices with useful advice. Organizations
can systematically assess their environmental performance, pinpoint
areas for development, and monitor their progress toward sustainability
goals by using standardized measurement tools. By providing incen-
tives for environmentally friendly innovation initiatives, the adoption
7

of green innovation metrics holds the potential to stimulate positive
environmental impact. Organizations can encourage a culture of en-
vironmental responsibility and help to mitigate climate change and
resource depletion by recognizing and rewarding sustainability-driven
innovation.

The intricacy and contextual specificity of environmental issues may
pose difficulties for the development of standardized innovation met-
rics for environmental sustainability. The generalizability of suggested
metrics may be limited by the need for customized approaches to
measurement in various industries, geographical areas, and organiza-
tional contexts. It could be difficult to apply green innovation metrics
if data on environmental performance is not readily available or of high
quality. Accessing pertinent data sources, guaranteeing data accuracy,
and setting up baseline measurements for comparison can be challeng-
ing for organizations. Researcher and practitioner collaboration across
disciplinary boundaries including innovation studies, environmental
science, and management theory is essential to the conceptualization
process. Organizational and logistical challenges may arise when en-
suring effective coordination and communication among stakeholders
with different levels of experience and viewpoints.

Subsequent investigations may concentrate on conducting empirical
validation and testing of suggested green innovation metrics within
actual organizational contexts. Research methods such as longitudinal
studies and case analyses may be able to shed light on how well
these metrics work in various settings and industries. It is important
to approach the creation of green innovation metrics as an iterative
process open to constant modification and improvement. It is imper-
ative for researchers and practitioners to stay adaptable to evolving
trends, technological breakthroughs, and shifting regulatory environ-
ments, ensuring that measurement frameworks are updated appropri-
ately. Environmental, social, and governance (ESG) reporting standards
are examples of larger sustainability reporting frameworks that could
incorporate green innovation metrics. This would improve the sustain-
ability performance of organizations’ accountability, transparency, and
comparability, enabling stakeholders to make well-informed decisions.
Initiatives aimed at knowledge sharing and capacity building among
organizations should be implemented in tandem with efforts to develop
metrics for green innovation. Workshops, training courses, and coop-
erative platforms could enable participants to apply green innovation
metrics in real-world settings with efficiency.
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