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Managing a portfolio of green projects: Drivers of efficiency and the role of 
complementary projects

Abstract

Increasingly, multinational enterprise buyers concern their suppliers’ green performance with 

respect to energy consumption and waste emission because stakeholders consider

multinationals are obligated to ensure that their suppliers make continuous progress in 

managing environmental issues. However, operations managers confront the challenge of how 

and in what ways to improve suppliers’ green performance. Recently, buyer and supplier firms 

have begun to formulate a green project portfolio in a coordinated manner to enhance supplier’s 

green performance (e.g., buyer initiated-supplier voluntarily implemented green projects). This 

research examines the drivers of green project portfolio efficiency and the role of 

complementary projects in suppliers. We develop hypotheses describing the main effect of the 

portfolio focus, the interaction effect of firm’s financial strength, and the complementary role 

of social and technical projects on portfolio efficiency. The project-level data of suppliers come

from a world-leading automobile company and the firm (supplier)-level data is obtained from 

the Dun & Bradstreet company. We test our hypotheses using data envelopment analysis and 

Simar & Wilson (2007)’s two-stage, semi-parametric models. The empirical results suggest that 

a more focused green portfolio enhances the firm’s ability to benefit from implementing green 

projects, which is contingent upon the firm’s financial strength. Also, we find that a synergy of 

social and technical green projects can create congruence thereby increasing portfolio 

efficiency. Our research contributes to the green supply chain management and project 

management literature by revealing the drivers of green project portfolio efficiency and the role 

of complementary projects. The research findings should be helpful for managers to improve 

the efficiency of green projects implementation. 

Keywords: green supply chain; project portfolio management; complementarity; data 
envelopment analysis 
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1. Introduction

The increased energy consumption and growing volume of waste emission have become major

environmental concerns in recent decades (Jacobs, 2014; Zhou, et al., 2017). In responding to 

these problems, green projects that aim to improve environmental performance have been

increasingly implemented by firms. In particular, in a global supply chain context, multinational 

buying firms and their partner suppliers have begun to formulate green project portfolio in a 

coordinated manner to improve suppliers’ green performance (Plambeck & Taylor, 2015; Tong, 

et al., 2018). A green project portfolio adopted by a firm encompasses several green projects, 

each with its own focus on different practices for reducing energy consumption and/or waste 

emission, but competing for limited resources. For example, Walmart released its green project 

portfolio attempting for developing a greener supply chain, which includes projects of

increasing renewable energy adoption, reducing emissions within its global supply chain, 

sourcing from suppliers which are third-party certified as sustainable, and so on (2018 Global 

Responsibility Report Summary). Nevertheless, such initiatives require significant investments

and organizational change efforts; they thereby can be costly and disruptive. In the academic 

literature and from a practical perspective, it is less clear that, to what extent firms could benefit 

from implementing green projects, especially when firms invest multiple resources (e.g., human 

capital and money) and target for multiple performance outcomes (e.g., reduce gas emission 

and save water usage). Managers also confront the dilemma of whether to implement a broad 

(a wide range of differing projects) or a focused (a limited number of differing projects) green 

portfolio considering firm’s contingency factors (e.g., financial performance). In this study, we 

define project portfolio focus as the extent to which different types of projects are implemented

within a portfolio. Moreover, if several different types of projects are implemented within a 

green portfolio, it remains largely unknown whether a specific type of green project is more 

impactful in triggering portfolio efficiency when combined with another type of project than it 



Xun Tong, U. of Groningen, x.tong@rug.nl
Kevin Linderman

3

is implemented alone. Practically, managers concern the green project portfolio efficiency, 

meaning the efficiency of transforming green inputs (human resources, monetary investments, 

time, etc.) to green outputs (emission reduction, cost savings, energy saving, etc.) through green 

projects implementation. An understanding of possible conjunction between different types of 

projects (i.e., complementarities) may enhance the manager’s ability to achieve intended green 

performance. 

Previous research has established the effectiveness of organizational change efforts

towards socially responsible operations on performance (Dhanorkar, et al., 2017; Glaser, 2017; 

Kacperczyk, et al., 2015). However, most of them used a single input-single output framework 

to investigate the organizational performance whereas the performance is compared against a 

single and absolute measure (e.g., the counts of violations for environmental codes within the 

unit of analysis), therefore neglecting a multiple (e.g., the number of inputs or outputs could be 

more than one) and relative (performance may be compared with other firms) view of firm’s 

capability towards attaining green objectives. In this study, we are prompted to incorporate 

multiple input and output variables in estimating green projects performance across various 

firms (Cook, et al., 2014), which extends the literature on green performance employing the 

data envelopment analysis for estimating relative efficiencies of green project portfolios

implemented by different firms. 

Research is inconclusive on the efficiency of a portfolio under a focused vs. broad 

portfolio composition. This paradox has led to mixed results in the literature. For instance, some 

research has urged the importance of a focused strategy for short-term projects which attempt

to exploit the existing knowledge and technologies (Eriksson, 2013), arguing that focus may 

trigger in-depth learning. On the other hand, scholars also assert that relational capital could be 

created through projects alliance, which allows for potential explorations from one project to 

another (Aaltonen & Turkulainen, 2018). Therefore, a broad portfolio consisting of a wide 
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range of projects may be more beneficial for firms to trigger exploratory activities through 

relational capital between different projects. Collectively, the mixed results call into question: 

in the green project management context, given that managerial attention and resources for 

implementing projects are limited (Dhanorkar, et al., 2017), whether a focused or a broad

portfolio would be more beneficial. Also, Maylor, et al. (2018) argue that “we need to 

understand how projects relate to their environments” because no project should be treated as 

an “island”. In this regard, this study endeavors to understand one critical firm contingency 

factor, i.e., financial strength, on the relationship between portfolio focus and efficiency. To 

this end, the first research question guiding this study follows. 

RQ(1): Whether and to what extent green project portfolio focus would affect the efficiency? If 
portfolio focus affects efficiency, whether and how firm financial contingency will moderate 
such relationship? 

Several strategy (Riley, et al., 2017) and operations management scholars (Malhotra & 

Mackelprang, 2012; Nair, et al., 2013; Swink & Nair, 2007) have found complementary

relationships between different resources. Some previous works relating to complementary 

resources, e.g., complementary technologies (Anderson Jr & Parker, 2013), organizational 

acceptance and intensity of use in E-procurement infusion (Yu, et al., 2015), and 

complementary investment in information systems (Bendoly, et al., 2012), suggest that 

complementarities exhibit significant learning effects, thereby enabling firms to attain higher 

performance benefits. In view of the different types of green projects, they can be largely 

divided into social and technical green projects where the former concentrates on human capital 

training and organizational management improvement while the latter centers on process 

optimization and technology innovation (S. K. Srivastava, 2007). As such, based on the socio-

technical systems theory, we conjecture that within a portfolio, there could be a complementary 

effect between these two types of green projects, which may lead to a higher green portfolio 

performance. Understanding an optimal conjunction between different types of green projects 
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would be of enormous value to portfolio success. Hence, we propose the second research 

question in this study. 

RQ(2): Whether and to what extent there is a complementary effect between social and 
technical green projects?    

2. Conceptual background

Our research relates to the following three streams of literature, namely, project-driven 

organizational change efforts, project portfolio management, and complementary resources 

from a socio-technical systems view.   

2.1. Project-driven organizational change efforts and environment performance

Organizational change literature suggests that interventions can be used as an effective means 

to improve routines within an organization (Glaser, 2017; Kacperczyk, et al., 2015; Kuusela, et 

al., 2017). Therefore, managing change is deemed critical for organizations to achieve overall 

efficiency and deal with external threats, dynamics, and regulations such as governmental codes 

for compliance (Greve, 1998; Kotter & Schlesinger, 1989). Organizational intervention refers

to the process that commences with a diagnosis of problems, identifies changes needed to 

address inefficiencies and eventually followed by the refinements and improvements of the

current internal processes. The initiatives could be carried out by the organization itself or 

promoted by the external agencies (e.g., environmental protection agency). There is a line of 

research investigating organizational change efforts which treat projects as intervention process

to the internal routines (Criscuolo, et al., 2017; Dhanorkar, et al., 2017; Jonas, 2010; Swink, 

2003). Such intervention projects include environment enhancement projects, R&D projects, 

technology improvement projects, etc. For example, the regulatory agency can provide 

supportive programs (e.g., technical assistance) towards helping organizations to enhance 

environmental performance (Dhanorkar, et al., 2017). In addition, in a supply chain context, 

organizational intervention initiatives also can be implemented in a coordinated manner 
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between a buyer and a supplier (Karaer, et al., 2017; Plambeck & Taylor, 2015; Tong, et al., 

2018). For example, a buying firm may first “intervene” in the supplier’s internal process to 

identify potential problems and provide constructive recommendations for improvements. 

Suppliers may take a role of the “change agent” (Battilana & Casciaro, 2012) to implement 

improvements. 

2.2. Project portfolio management 

Project portfolio management centers on selecting and prioritizing a mix of potential projects 

and later managing each project within a portfolio to maximize return-on-investment. Portfolio 

management has concentrated on managing a mix of projects competing for resources and 

managerial attention to cope with corporate change goals (Chao, et al., 2009; R. G. Cooper, et 

al., 2006; M. K. Srivastava & Gnyawali, 2011). More recently, portfolio management has been 

widely used in the new product management whereas a resource commitment - flexibility 

dilemma exists to affect the performance of new product development project portfolio 

management (Gunther McGrath & Nerkar, 2004). This line of research insights into the critical 

role of project focus and resource allocation within a portfolio. One of the primary goals of 

project portfolio management is to “achieve focus” (i.e., have only limited types of projects) 

and to “resource the ‘great’ projects” (R. G. Cooper, et al., 2006). Consequently, portfolio focus

may play a significant role in realizing performance outcomes. On the other hand, previous 

studies assert that project efficiency is triggered by contextual characteristics of the focal firms 

(Tang, et al., 2012; Winkelbach & Walter, 2015). Therefore, firm contingency factors such as 

financial strength may interact with project characteristics to affect the efficiency.  

2.3. Complementary projects: A socio-technical systems perspective 

Hutchison-Krupat and Kavadias (2018) assert that firms need to consider the “cross-functional 

nature of collaborative tasks” in implementing portfolio selection. The notion could also apply 

to green project portfolio selection since when implemented jointly, differing natures of green 
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projects within a portfolio are likely to produce complementarities or exclusiveness in affecting 

performance outcome. Previous research in operations management stresses that a

complementary effect exists between organizational capabilities to enhance performance 

(Malhotra & Mackelprang, 2012; Nair, et al., 2013; Swink & Nair, 2007; Tsai, et al., 2013). On 

the one hand, projects intended to improve green performance can differ from one another in 

terms of their functionalities. For instance, employee training-enabled energy saving and 

process optimization-enabled emission reduction are two different approaches. On the other 

hand, the conjunction of the two differing projects may produce complementarities. In other 

words, interdependencies may manifest across projects (Verma, et al., 2011), thus leading to 

superior overall performance than when a singular project is presented. Previous research has 

rarely looked into such possible complementarities among different green projects.  

Socio-technical systems theory insights into how social components could provide a 

supporting structure for technical components and vice versa. The former encompasses human 

aspects with regard to social interactions within organizations (Hyer, et al., 1999) while the 

latter concerns methods and procedures to transform inputs into outputs (Liu, et al., 2006). As 

such, the social projects and technical projects within a green project portfolio may display

complementarities in improving portfolio performance.  

3. Theory and hypothesis development 

3.1. Portfolio focus and efficiency

Supplier firms can implement a variety of categories (a broad portfolio) or a limited number of

categories (a focused portfolio) of projects. There has been a well-known dilemma existing 

between volume-variety spectrum in the literature (Maylor, et al., 2018), arguing that it is 

critical for firms to select from a diversified and focused strategy. As discussed by Maylor, et 

al. (2018), it is critical to consider the “selection and prioritization of projects” in understanding 
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the effectiveness of project portfolio management. Hence, the formulation of a portfolio can 

influence the efficiency of projects management. According to the Attention-based view of the 

firm (Ocasio, 1997), attention is considered a scarce resource for organizations to allocate in 

implementing changes (Dhanorkar, et al., 2017). In the project management context, individual 

projects within a portfolio can compete for available resources such as time, monetary 

investment, human capital, and managerial attention. As such, firms need to optimize their 

portfolio by properly selecting and implementing projects to be in alignment with their overall 

strategy. 

Abundant project management literature suggests that a portfolio consisting of a broad 

range of projects may introduce a conflict between goals and imbalance of resource 

commitments (Jonas, 2010; Maylor, et al., 2018). This may occur due to that the competing 

managerial attention is unable to be allocated properly across a broad range of projects. 

Specifically, project goal discrepancies caused by different aspects of environment 

improvement foci that exist in different projects may hinder goal clarity, thus creating a conflict

between goals to decrease the overall efficiency of projects management. Moreover, a portfolio

consisting of various differing projects may require intensive cross-project resource planning

(Levine, 2005), resulting in resources and attentions thinly spread among a large number of 

distinct projects. Therefore, a broad portfolio containing a wide range of competing projects 

may not be able to allow for efficient exploitation of resources allocated to the green portfolio 

management than that of a focused portfolio containing fewer categories of projects. On the 

contrary, a focused portfolio may trigger a more in-depth utilization and dissemination of 

projects outcomes by empowering human and physical resources for enabling green innovation 

process (Chen, et al., 2006; Maylor, et al., 2018; Maylor & Turner, 2017) and upgrading current 

technology to a higher level,  which can eventually lead to a higher level of projects 

performance. 
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Directing attention to allocate resources towards managing a broad portfolio can be 

influenced by the institutional pressure. Environment management literature also insights into 

how the composition of the green projects portfolio may affect efficiency. In particular, the

intention to implement a portfolio comprising a broad range of green projects may be triggered

by isomorphic institutional pressure from customers (e.g., buying firms) (Delmas & Toffel, 

2008). Consequently, firms with a broad portfolio can be less inclined to exploit projects in 

depths. Thus, firms may disrupt attention on projects exploitation, which eventually decreases

the efficiency of the projects portfolio. To this end, a focused portfolio can yield higher

efficiency than a broad portfolio. In sum, we hypothesize that: 

Hypothesis 1 (H1): A focused portfolio is associated with greater efficiency than a broad
portfolio. 

3.2. Interaction of financial strength and portfolio focus

There has been well-established literature discussing organizational performance and practice

adoption (Chatterji, 2009; Hull & Rothenberg, 2008; Somech, 2006). These studies argue that 

firm performance is associated with whether and to what extent they would adopt practices. We 

extend these notions in the literature to understand whether and how firm’s financial strength 

can interact with portfolio focus to affect portfolio efficiency. 

In general, financially stronger firms have more slack resources (e.g., time and money) 

to invest in a wide range of green projects. Therefore, a focused portfolio may not be able to 

utilize and exploit resources and managerial attention towards environmental management to 

the fullest extent. In addition, financially stronger firms tend not to seek for quick solutions 

concerning a specific aspect of environment management but are more likely to learn and adapt 

(Wiersma, 2007) by engaging in a wide range of projects since they have adequate resources to 

leverage and attention to direct. As a result, such firms are able to benefit from a broad portfolio 

than a focused portfolio.  Financially weaker firms, on the other hand, have fewer cushions of 
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slack resources. Hence, it is difficult for them to dedicate to a wide range of commitments while

exploiting various competing projects. Other studies also argue that low performing firms have 

lower wherewithal with which to exploit projects and drive projects efficiency (Jacobs, et al., 

2015). As such, a focused portfolio is likely to allow for effective exploitation when dedicated

resources (e.g., human capital and technologies) and managerial attention are scarcely available.

Consequently, financially weaker firms that adopt a focused strategy can be better enabled to 

improve overall portfolio efficiency. For example, the authors interviewed several suppliers 

which experienced financial losses when they implemented the green projects. The CEOs and 

senior managers revealed that it was difficult to allocate sufficient human capital and monetary 

investment to diagnose pilot green projects in determining which categories of projects are best 

for the current processes. As such, they tended to adopt a conservative approach, i.e., focusing 

on a specific area that they deem as most urgent and necessary for improvement, to make 

changes. This, in turn, created a flexible and effective environmental management system in 

which they find easier to interpret and apply their existing knowledge stocks and acquire new 

knowledge as regards to green projects implementations. For these reasons, we provide the 

following hypothesis to suggest the presence of an interaction effect between a firm’s financial 

strength and the portfolio focus:

Hypothesis 2 (H2): Firm’s financial strength weakens the positive relationship between 
portfolio focus and efficiency, i.e., financially stronger (weaker) firms benefit less (more) from 
a focused portfolio than financially weaker (stronger) firms. 

3.3. Projects complementarities 

In green project management context, people-related projects aim at enhancing human systems 

to reinforce people’s roles in managing environment through human capital training programs 

and organizational restructuring (Fahimnia, et al., 2015). In doing so, the people enabled green 

changes can improve decision-makers’ awareness of corporate green goals and know-how in 



Xun Tong, U. of Groningen, x.tong@rug.nl
Kevin Linderman

11

implementing such changes. On the other hand, technical systems which concern techniques, 

tools, and procedures (Closs, et al., 2008) facilitate green projects implementation by enabling 

firms to continuously improving their internal processes and updating green technologies 

(Sarkis, et al., 2011). 

From a socio-technical systems theoretical perspective, “organizational objectives are 

best met not by the optimization of the technical system and the adaptation of the social system 

to it, but by the joint optimization of the technical and social system ”(Cherns, 1976). We 

elaborate how people-related projects (i.e., employee-and management-related improvement)

can interact with technical-related (process- and technology-related) projects to positively 

affect portfolio efficiency as below. Previous literature suggest that human dimensions have 

not been emphasized as much as technical system in implementing organizational change 

efforts, thus leading to discrepancies between goals set and actual performance (Hyer, et al., 

1999; Liu, et al., 2006). This could be due to the lack of employees’ essential skills and codes 

of conduct for operating the technical system and low commitment to which employees would 

dedicate to get work done when confronted to the technical system. 

On the contrary, a synergy between social and technical systems may create congruence 

to enhance portfolio efficiency. This is because people-related green projects help educate and 

train employees to acquire essential knowledge with respect to specific green practices and 

corporate’s ultimate green goals, which is likely to trigger a “social support structure” (Hyer, 

et al., 1999; Liu, et al., 2006) for green process and technology improvements. For instance, 

the social support structure consisting of reward systems, know-how to implement green 

practices, training policies, and conflict- mitigating strategies etc., could act as a complementary 

resource to facilitate the continuous improvement endeavors by technical system (process-and 

technology-related projects). The interdependencies between social and technical aspects of 

green projects may enhance the overall efficiency of a portfolio. In other words, it is expected 
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that social green projects deployed to complement technical green projects will increase 

portfolio efficiency. Hence, we hypothesize that:   

Hypothesis 3 (H3): Social green projects (people-related) have a complementary effect with 
technical green projects (process-and technology-related) which will enhance portfolio 
efficiency, i.e., the higher the interaction of social and technical green projects, the greater the 
portfolio efficiency will be.    

3. Research context and data

The focal buyer firm in this study is one of the top five automotive manufacturers (in terms of

global market share, hereafter Apollo). The data of green projects are archived by Apollo and

we were able to access the recent three years’ (2015-2017) comprehensive project-level data.

To ensure the quality of the projects, on average, Apollo greens 30 suppliers every year. The 

suppliers represent a wide range of manufacturing firms covering the 3-digit U.S. Standard 

Industry Codes (SICs) of  253 (public building and related furniture), 301(tires and inner tubes), 

305 (hose, belting, gaskets, and packing), 323 (products of purchased glass), 344 (fabricated 

structural metal products,) 346 (metal forgings and stamping), 367 (metal services) and, 

371(motor vehicles and equipment)1. The project-level data details the description, category, 

timespan, investment, performance outcome, etc. variables of each individual project within a 

portfolio. A supplier may have implemented multiple projects within a portfolio. Therefore, 

projects are nested in a supplier (portfolio) and all the suppliers are coded with a unique Dun & 

Bradstreet number. Consequently, we obtained other firm-level variables from Dun & 

Bradstreet company (firm-level variables are detailed in Section 4.2). 

Apollo initiated the Greening Supplier Program aiming at providing technical assistance 

to their first-tier suppliers in China to enhance their green performance (i.e., achieve energy 

saving and emission reduction goals). Apollo hired an independent third party company (a U.K. 

                                                       
1 The SIC codes are provided by the Dun & Bradstreet company.
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headquartered subsidiary which is operating in China) which has been an expert in providing 

environmental solutions (technical assistance) and auditing for more than 20 years worldwide. 

The third party company worked with Apollo to promote and help suppliers implement green 

projects. Suppliers expected to gain benefits from becoming greener by implementing projects.

They agreed to be audited by the third party including disclosing investment amounts and 

financial transaction records and performance outcomes with regard to their green projects. 

Specifically, the third party company first assessed a supplier’s initial green performance. Later 

on, the third party passed specific improvement recommendations covering all eight categories 

(see portfolio focus in Table 2) of green projects to the supplier. The supplier would voluntarily 

implement projects as they deemed appropriate. Two rounds of assessment  (mid-term and final) 

were conducted in the supplier by the third party. The third party company continuously audited

all investments and project outcome data in suppliers. For example, the expenses for purchase 

and implemented practices were all documented, which were subject to financial audits. All 

CO2 emission, energy saving (electricity consumption), and natural resource saving (water 

usage) were checked for the consistency with the archival data provided by the government 

agency (Chinese central government has authorized all local environmental agencies to track 

manufacturers’ energy/water consumption and greenhouse gas emission. Such records can be

publicly available) see Lo, et al. (2018), for example. In consultation with the third party experts, 

we understood that they had a well-developed algorithm to estimate energy savings and 

emission reductions by accounting for firms’ time-variant dynamics (e.g., change of production 

capabilities from year to year). Therefore, the green project performance data should be reliable

to capture the reductions attributable to the implementation of green projects. Overall, the 

validated project-level data by the third party and the firm-level data obtained from Dun & 

Bradstreet should be able to overcome self-report basis.

<Insert Fig. 1 about here>
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4. Analyses and results

4.1. Data envelopment analysis of portfolio efficiency

The unit of analysis in this study is the portfolio which corresponds to each of the supplier firms

in our sample. We examined the overall efficiency of a green project portfolio by employing 

the Data Envelopment Analysis (DEA). DEA is a mature methodology that has been widely 

adopted by numerous studies (Ayabakan, et al., 2017; Sarkis, 2000; Sarkis & Cordeiro, 2001; 

Swink, et al., 2006). DEA allows us to estimate how efficient a firm can convert inputs 

(investments) to outputs (performance outcomes) in relative to an efficient frontier by 

comparing each Decision Making Units (DMU) with only the superior DMU in the group (W. 

W. Cooper, et al., 2004). 

We follow the procedures suggested in the previous empirical research (Sarkis, 2000; 

Sarkis & Cordeiro, 2001; Swink, et al., 2006) and take into account the advancements of 

DEA(Simar & Wilson, 2007) in recent years to select a suitable DEA model from various 

available models for our study. Specifically, given that firms in our sample were requested to 

report multiple inputs and outputs relevant to their green projects, we use the two-stage, multi-

input-multi-output DEA model to estimate the efficiency scores of each DMU (i.e., the portfolio

in this study). In total, Table 1 lists three inputs, namely, the number of projects, project 

timespan, and monetary investment and five outputs, namely, reduction of greenhouse gas 

emission, reduction of solid waste disposal, energy saving, natural resource saving, and cost 

saving. The number of inputs and outputs meets the “rule of thumb” stating that “the number 

of DMUs (i.e., 90) be at least twice the number of inputs and outputs combined (i.e., 8)” (Cook, 

et al., 2014). In order to “preserve the greatest degree of granularity in the analysis” (Swink, et 

al., 2006), we included all inputs and outputs variables as mentioned above. Consistent with 

Swink, et al. (2006), we used variable returns to scale (VRS) model because “as more resources 

are invested in a project, the performance outcomes do not improve proportionally”. We also 
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incorporated the advancement (i.e., the double bootstrap procedure) of DEA, see Simar and 

Wilson (2007).

<Insert Table 1 about here>

Table 1 gives the operationalization and statistics of the variables. All variables are mean 

normalized (Sarkis & Cordeiro, 2001) in order to be compatible with the scale for DEA in R

program. We used the output-oriented (“from a DEA modeling point of view, both input and 

output orientations will yild the same efficient frontier”, see Cook, et al. (2014)), return-to-

scale, and bias-corrected DEA model. A DEA score equaling one means that the portfolio is 

efficient while a DEA score less than one indicates that the portfolio is inefficient. 

4.2. Portfolio focus, financial strength, and efficiency 

Simar and Wilson (2007) have proposed a robust method which bootstraps efficiency scores 

with a truncated regression. This method thus could deal with challenges that previous DEA 

models may not solve, see Barros and Dieke (2008) for these challenges. The dependent

variable used in the regression is the efficiency score of a project portfolio obtained from DEA. 

Table 2 lists the variables and how they are operationalized for regression analysis. We control 

for firm innovativeness, firm type (public or private), firm size, firm age, investment 

concentration,  ISO 14001 certification to account for their possible impacts on the dependent 

variable. In addition, industry, region, and year dummy variables are included in all models. 

Portfolio focus is the independent variable which captures how focused (the reversed ratio

between the number of categories implemented within a portfolio and the total number of 

categories, i.e., 8) a portfolio is. Our interviews with the buying firm and several suppliers 

confirmed that industrial experts believed that our measurement of portfolio focus would be 

ideal because it captures the actual number of categories relative to the total recommended eight 

categories and is less influenced by other firm inherent factors such as size. Note that the eight 
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categories of green projects are predetermined by the third party company prior to providing 

recommendations of specific green projects to the supplier firms. The categorizing is based on 

the third party company’s expertise in environmental management and therefore we follow this 

to avoid subjective judgment on the categorizing. Financial strength is the interaction variable

which measures the degree to which the firm is financially healthy. 

<Insert Tables 2, 3 and 4 about here> 

In table 4, the baseline model includes all control variables. The addition of portfolio focus in 

Model 1 shows a statistically significant positive effect (beta = 0.021, p < 0.01), meaning that 

the more focused a portfolio is, the higher the efficiency will be. Therefore, H1 is supported. In 

model 3, the interaction of portfolio focus and financial strength is statistically significant and 

negative (beta = -0.06, p < 0.01), suggesting that financial strength weakens the positive 

relationship between portfolio focus and efficiency, which is in support of H2. Fig. 2 depicts 

the interaction between the portfolio focus and financial strength. 

<Insert Fig. 2 about here>

4.3. Complementary analysis

The projects are divided into eight categories by the third party (see the description of portfolio

focus in Table 2). We take cautions to group the eight categories into people-, process-, and 

technology-related projects. We consulted with the experts in the third party company and other 

industry professionals and referred to the literature (Closs, et al., 2008; Geels, 2004) to 

overcome possible biases that could be introduced in grouping them. By the definition of a.

employee-related improvement and b. management improvement, we categorize a and b as 

people-related since a is associated with human capital improvement and b is related to 

restructuring organizations to incorporate green practices. c. material and energy replacement, 

d. process improvement and optimization, e. recycling, and f. facility improvement and 
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transformation are grouped into process-related because all of them involve tasks of improving 

and creating green processes for optimization and meeting the new standards for environmental

management. Finally, g. manufacturing technology improvement and transformation and h. 

product adjustment and change are grouped into technology-related since both of them are 

innovation-oriented and are enabled by new technology. One example under each of the eight 

categories is provided in Table 5.  

<Insert Table 5 about here>

The independent variable is the count of people-, process-, and technology- related 

projects, respectively within a portfolio. Table 6 gives the regression analysis results. Models 1 

to 3 separately added people, process, and technology variable, respectively. As can be seen, 

the people-related project has a negative and significant effect on the efficiency while the 

process-related project has a positive and significant effect on the efficiency. However, the 

technology-related project has a negative but insignificant effect. The results of independent 

variables suggest that there is a discrepancy among the effect of people, process, and technology 

on the portfolio efficiency. However, the interaction analysis shows that people-related projects 

interact with process-related projects to enhance the project portfolio efficiency (see Model 4, 

beta = 0.136, p < 0.05). Also, people-related projects interact with technology-related projects 

to positively affect efficiency (see Model 5, beta = 0.055, p < 0.01). Process-related projects do 

not have a significant interaction effect with technology-related projects. In sum, the above 

results indicate that when implemented together, social (people-related) green projects and 

technical (process- and technology-related) green projects can display complementary effect 

and thus help firms to improve green portfolio efficiency. Hence, H3 is supported.     

<Insert Table 6 about here>
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5. Robustness checks

To give a comprehensive view of how different category of project affects efficiency and check 

the robustness of the results in Table 6, we separately coded each category of project in a 

portfolio and conducted a series of regression analyses. We added all control variables used in 

Table 5 in all models (not shown). Table 7 gives the results of the individual category of the 

project on efficiency. As can be seen, the results are highly consistent with our results of 

grouped people, process, and technology-related results. For instance, process improvement 

and transformation (beta = 0.06, p < 0.01) and facility improvement and transformation (beta 

= 0.03, p < 0.05) both have a statistically significant and positive impact on the efficiency, 

implying that on average, inducing these two categories in a portfolio help drive the efficiency 

of the projects portfolio.

<Insert Table 7 about here>

6. Discussion 

6.1. Theoretical contribution

This section discusses the contribution of this study for theory. To begin with, this research 

used the DEA method to estimate the efficiency of green project portfolio which takes multiple 

inputs and outputs into account. Evidenced by previous studies (Sarkis, 2000; Sarkis & 

Cordeiro, 2001), DEA is considered an effective approach to estimate the return-on-investment 

for environment management studies. We not only used one-time monetary investment but also 

time investment and project number as the inputs. Similarly, a variety of environmental

performance metrics such as the reduction in emission, solid waste disposal, energy 

consumption (electricity), water usage along with cost saving were accounted into the model. 

As such, we developed a comprehensive framework for establishing a green project portfolio

and return-on-investment analysis. 
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Second, we contribute to the literature of project-driven organizational change effort 

towards improving green performance. Most previous research looks at projects in isolation, 

ignoring complexities involved in achieving successful green project portfolio management in 

firms. In particular, we developed a conceptual framework building on the growing line of 

research which seeks to understand the emerging approach of managing suppliers’ environment 

performance, i.e., externally promoted change efforts by regulatory agencies (e.g., government)

or business partners (e.g., buying firms) to improve social and environment performance

(Dhanorkar, et al., 2017; Plambeck & Taylor, 2015; Porteous, et al., 2015). Along similar lines, 

this study investigated the efficiency of an increasingly popular means of environmental 

management, i.e., buyer recommended-supplier voluntarily implemented project-driven 

organization change efforts (BR-SI-PDE) whereas we found that the change efforts made in the 

form of project portfolio drive efficiency to a greater extent for a focused than for a broad 

portfolio. This is a critical finding for environmental management by means of organizational 

change efforts, suggesting that firms should properly direct their limited managerial attention 

and resources to implement green initiatives by focusing on a few projects rather than 

aggressively targeting a broad portfolio in the pursuit of a higher return-on-investment. In other 

words, in firms’ efforts to adapt and develop organizational change towards environmental 

management, a focused strategy can outperform compared with a broad strategy in achieving 

intended environmental outcomes. 

Third, we tested our theorizing of the moderating role of one critical firm contingency, 

i.e., financial strength, with the portfolio focus on the portfolio efficiency. The analysis results 

showed that financially weaker firms are able to better leverage a focused portfolio in attaining

a higher efficiency than financially stronger firms, which provided support for our theoretical 

framework. Specifically, we extend the understanding on the interaction effect of firm’s 

financial strength and portfolio focus on efficiency by showing that a focused portfolio can lead 
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to higher efficiency when firms experience an unfavorable than favorable financial 

circumstance. 

Last but not least, we make a contribution to the growing literature on managing distinct 

projects within a portfolio to achieve intended organizational goals in the context of 

environmental management.  We adopted a socio-technical systems perspective to investigate 

the complementarities among people-, process-, and technology-related projects. Our results 

posit that social green projects (people-related) adopted together with a highly technical-

oriented green projects (intensive process- and technology-related projects) can display 

significant complementary effect. We uncovered that it is possible for firms to improve 

environmental performance through green projects when the social and technical projects are 

congruent with one another rather than implemented solely. The findings support the logic of 

complementarities in socio-technical systems theory. Also, scholars may note that the

integration of social and technical efforts can significantly enhance project-driven environment 

performance. On the other hand, the post hoc analysis reveals that when implemented alone, 

different types of projects drive portfolio efficiency in opposing directions (e.g., implementing 

employee-related project alone harms the efficiency while process improvement and 

transformation-related project increases efficiency) or turns out to be a zero-sum game 

(unproductive) in contributing to the overall efficiency (e.g., recycling-related project alone 

does not have a significant impact on efficiency). This further suggests that socio-technical

conjunction between projects could be a promising approach to achieve high efficiency. 

6.2. Practical contribution 

Our study provides several critical managerial implications. Many multinational buying firms 

spend millions of dollars developing effective green initiatives to promote practices among their 

local suppliers (Forbes, April 22, 2014). To this end, a better understanding of how buying

firms could more effectively translate their investments (e.g., providing technical assistance)
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into positive green outcomes in their suppliers can be critical for building a socially responsible 

supply chain. In the first place, our theoretical framework of the BR-SI-PDE demonstrates a 

promising mode for greening suppliers. In other words, we believe that the case of Apollo

regarding how it coordinates with the third party company to green its suppliers could be a 

promising starting point for other multinational firms. Specifically, suppliers could be

encouraged to participate in such programs where the third party expert hired by the buying 

firm is able to provide professional technical solutions to environment management (e.g., 

technical assistance). 

The finding suggests that suppliers should select a focused strategy in implementing 

green projects. A focused green project portfolio is better able to leverage the capability of 

converting green investments into the intended green outcomes. Therefore, managers should 

note that in achieving a more efficient green portfolio management, selecting a few categories 

of projects is recommended rather than including a wide range of categories in the green 

portfolio. However, portfolio focus-efficiency linkage appears to be dependent on the firm’s

financial circumstance, meaning that a firm can benefit more from a focused portfolio when the 

financial strength is low than when it is high. Consequently, financially weak firms could be 

more urged to carefully formulate a focused portfolio so as to achieve higher efficiency while 

financially strong firms may be allowed to include a wide range of project categories within a 

portfolio. Under the regime of the BR-SI-PDE, the buying firms and the third party auditor may 

also need to note that in coordinating with the supplier firms to improve their green performance, 

a more efficient approach would be to recommend suppliers to create a focused portfolio and 

take into account financial status. 

While the main effect of focused versus broad portfolio and the moderating role of firms’ 

financial status on the portfolio efficiency are noteworthy, another significant managerial 

implication from this study is in suggesting how to formulate a green portfolio such that one 
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type of projects can be complementary to another. Specifically, managers are advised to not

only implement social or technical green projects but to combine them within a green portfolio. 

In particular, in the presence of the social green projects, process- and technology- related 

projects may manifest better effects than when they are implemented alone. For instance, 

technical projects alone (process- and technology- related projects) may yield zero-sum game 

in enhancing portfolio efficiency.   

6.3 Limitations and future research 

Our study was not without limitations and these limitations may offer future research 

opportunities. Our data was cross-sectional in nature which hindered us to understand how the 

intervention projects were maintained and followed for making continuous progress in 

enhancing corporate green performance. In other words, examining the portfolio efficiency 

using panel data to uncover the longitudinal relationship between investments and performance 

benefits could be fruitful. In particular, firms should not be satisfied by the improvement in 

green performance triggered by one-time investment but need to find solutions to sustain their 

green performance in the long run. We were unable to obtain panel data (the projects in our 

sample were one-time in nature). However, our research framework and relationships observed 

in the present study provide a starting point for future research. In the meanwhile, this study 

mainly focused on suppliers’ investments and green performance outcomes while it is also 

worthwhile to explore how the buying firm was motivated to initiate improvement 

recommendations for suppliers and the associated costs and benefits for buyer itself. This is 

critical as hiring the third party company to audit the “greening” process, site visits, and other 

coordination activities incurred tremendous costs for the buying firm. An effective coordination 

scheme is yet to be discovered for enabling buying firm to manage suppliers’ green performance.

Specifically, it would be urgent to empirically validate a coordination strategy that both parties, 
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i.e., supplier and buying firm, could exploit the supply chain cost structure in enhancing green 

performance.  



Xun Tong, U. of Groningen, x.tong@rug.nl
Kevin Linderman

24

Buyer and 
third party 

Supplier

Site visit and 1st

assessment 

Third party 

Supplier

Buyer and 
third party 

Supplier

Pre-implementation stage Implementation stage Post-implementation stage 

Fig. 1. Green project portfolio implementation context in this study.

Fig. 2: Moderating effect of firm’s financial strength on portfolio efficiency (all other significant variables 

held constant at means). 
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Table 1: Input and output variables for DEA

Variable Input or 
output

Description Mean (raw data) SD (raw data)

Number of projects Input Log of the total number of 
projects in a firm’s 
portfolio.

3.59 2.15

Project timespan Input Log of the sum of projects 
timespan within a firm’s 
portfolio (in months). It 
captures the total time 
spent across all projects 
within a portfolio. 

7.25 3.83

Monetary investment Input Log of the sum of 
monetary investments of 
all projects within a firm’s 
portfolio (in Chinese 
Yuan).  

6,527,953.06
(≈979,813.11 
$US)

42,728,191.25

Reduction of 
greenhouse gas 
emission 

Output Log of the sum of 
reduction of greenhouse 
gas, i.e., CO2 ton/year, 
from all projects within a 
portfolio.  

752.99 2579.73

Reduction of solid waste 
disposal

Output Log of the sum of 
reduction of solid waste 
(ton/year)from all projects 
within a portfolio. 

93.08 609.43

Energy saving 
(electricity)

Output Log of the sum of 
electricity usage reduction 
from all projects within a
portfolio (kwh/year).

373,381.33 1,104,958.46

Natural resource saving 
(water)

Output Log of the sum of the 
water consumption 
reduction from all projects 
within a portfolio 
(ton/year).

4,675.60 14,915.98

Cost saving Output Log of the sum of 
monetary savings resulted 
from projects 
implementation (in 
Chinese Yuan).  

1,310,398.026
(≈196,684.19 
$US)

548,5389.53

Note. In DEA analysis, all input and output variables are mean normalized in order to be compatible with the 
scale for analysis in R program. To give an overview of the investments and outputs,  means and SDs are raw 
data before taking any transformation. 
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Table 2: Variables for regressions

Variable Description Operationalization Mean SD
DEA score (DV) DEA score from output oriented, 

return-to-scale, bias-corrected 
Data Envelopment Analysis.

0< DEA score ≤ 1 
(inefficient if DEA score is 
smaller than 1)

0.84 0.07

Portfolio focus It captures how a portfolio 
focuses on one or several specific 
type(s) of projects from the 
predetermined eight categories of 
projects. The recommended eight 
categories of green projects by 
the third party auditor include a) 
employee-related improvement; 
b) management improvement; c) 
green material/energy 
replacement; d) process 
improvement and optimization; e) 
recycling; f) manufacturing 
technology improvement and 
transformation; g) facility 
improvement and transformation; 
h) product adjustments and 

changes.

The reversed ratio between 
the counts of different 
categories of projects 
adopted in a portfolio and 
the total number of the 
recommended project 
categories, i.e., eight. For 
example, if a portfolio 
contains a, c, and f 
categories (three different 
categories in total), then it 
is calculated as the reverse 
value of  3/8=0.375, i.e., -
0.375 

-0.74 0.27

Investment 
concentration

The concentration of the efforts 
made to enhance a specific
project in a portfolio. It measures 
whether efforts (investments) are 
allocated equally among all 
projects or skewed a specific 
project.

The Herfindahl–
Hirschman Index (HHI) of 
the investment share 
among all projects, i.e., 
sum of the squared values 
of the investment per 
project divided by the total 
investments to a portfolio.  

0.70 0.24

Firm innovativeness Cumulative innovativeness of a 
firm. 

Logarithm of the counts of 
the total patents obtained 
till the focal year, i.e., 
green project 
implementation year.   

1.58 1.90

Firm financial strength Dun & Bradstreet’s assessment 
on firm’s “dollar-weighted 
numerical indicator of how a firm 
paid its bills over the past year, 
based on trade experiences 
reported to D & B by various 
vendors”. It has been widely used 
in previous studies (e.g., Levine 
& Toffel, 2010).

Data available is 
categorical based on five 
levels: Strong (4), Good
(3), Fair (2), Poor (1), and 
Risky (0). It is the firm 
financial strength indicator 
released in the focal year 
of green projects 
implementation.  

3.11 1.45
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Public firm? It indicates whether a firm is 
listed in the stock market when 
implementing the green projects. 
Publicly-traded firms may be 
exposed to more intensive 
screening and institutional
pressures.  

Binary variable taking a
value of 1 if listed, 0 
otherwise. 

0.04 1.50

Firm size Firm scale in terms of the total
number of employees.

Log of the total number of 
employees in the year 
when green projects were 
implemented. 

6.26 1.27

Firm age It measures how long the firm 
has been established. D & B has 
access to this information from 
the Department of Commerce. 

Log of the difference in 
years between the year 
established and the focal 
year when the green 
projects were 
implemented. 

2.28 0.65

ISO 14001 certified? Whether ISO 14001 certification 
was obtained prior to the focal 
year of green projects 
implementation.

Binary variable taking a 
value of 1 if obtained, 0 
otherwise. 

0.39 0.49
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Table 3: Correlation matrix
                                                           

Variable VIF 1 2 3 4 5 6 7 8 9 10 11 12

1 DEA score 1

2 Portfolio focus 2.45 0.0059 1

3 Financial strength 2.21 0.2843 -0.0583 1

4 Innovativeness 2.21 0.1425 -0.1618 0.41 1

5 Investment 
concentration

1.98 -0.0146 0.1083 -0.0383 -0.187 1

6 Public firm 1.54 0.1551 -0.1632 0.2827 0.4149 0.0644 1

7 Firm size 1.51 0.3689 -0.131 0.4819 0.5599 -0.0649 0.4254 1

8 Firm age 1.45 0.2511 -0.1776 0.4356 0.6672 -0.1198 0.2433 0.6541 1

9 ISO14001 
certified 

1.40 0.1958 0.0417 0.1599 0.0758 0.0314 0.1598 0.2371 0.1576 1

10 People 1.17 -0.2751 -0.4826 -0.0352 0.0225 0.0317 -0.0285 0.015 0.0456 -0.093 1

11 Process 1.11 0.4332 0.033 0.1685 0.0484 -0.0306 0.0325 0.1537 0.1145 0.1203 -0.2243 1

12 Technology 1.09 -0.1504 -0.4774 -0.0191 0.0552 -0.0511 0.1431 -0.0126 -0.021 -0.1282 0.0572 -0.1764 1
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Table 4: Portfolio focus and financial strength on efficiency  

Baseline Model 1  Model 2 Model 3
Variable
Portfolio focus 0.0217** 0.0203** 0.0815***

(0.00891) (0.00879) (0.0172)
Firm financial strength 0.0250 0.407***

(0.0187) (0.0939)
Focus × financial strength -0.0661***

(0.0161)
Firm innovativeness -0.00572 -0.00796 -0.0100 -0.00671

(0.0114) (0.0108) (0.0107) (0.00964)
Investment concentration 0.0137 0.0157 0.0134 0.0191

(0.0232) (0.0225) (0.0227) (0.0209)
Public firm? 0.0712 0.0446 0.0429 0.131***

(0.0516) (0.0477) (0.0497) (0.0492)
Firm size 0.0303 0.0297 0.0259 0.0371

(0.0255) (0.0255) (0.0258) (0.0234)
Firm age 0.0190 0.00198 0.000664 -1.92e-05

(0.0207) (0.0203) (0.0203) (0.0184)
ISO 14001 certified? 0.0132 0.00635 0.00327 0.00591

(0.0169) (0.0162) (0.0162) (0.0148)
Constant 0.929*** 0.842*** 0.817*** 0.477***

(0.134) (0.126) (0.128) (0.141)
Industry dummies Yes Yes Yes Yes
Region dummies Yes Yes Yes Yes
Year dummies Yes Yes Yes Yes
Observations (portfolios) 90 90 90 90
Observations (projects) 323 323 323 323
Wald chi-squared 31.22 40.68 45.19 72.89
Prob > chi-squared 0.35 0.09* 0.04** 0.00***

Simar & Wilson (2007) effect analysis; standard errors in parentheses; 0< DEA score ≤ 1 
(inefficient if DEA score < 1) ; *** p < 0.01, ** p <0.05, * p < 0.1; Number of bootstrap 
replications =1000 in all regressions. Additional tests are conducted to ensure that the addition 
of interaction terms will increase the likelihoods of the estimated models in models 2 and 3 
when compared with the likelihoods of their corresponding main effect models, thereby 
suggesting a statistically significant interaction (complimentary) effect in theses models.
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Table 5: Project details under different categories

Category Socio-
technical 
perspective 

Example 

a) Employee-
related 
improvement

People “Carried out training with the theme of energy saving and emission 
reduction; reward employees with outstanding performance in energy 
conservation and emission reduction every month to create a 
motivating atmosphere for energy saving and emission reduction.”

b) Management 
improvement

People “formed a team working on energy conservation and emission 
reduction, with team members from Departments of production, 
equipment, quality management, EHS, marketing, and accounting. 
Each department member takes turns to be the team leader every 
week and reports on green performance at weekly meetings”

c) Green
material/energy 
replacement

Process “ Replaced hydrochloric acid medicament with an environmentally
friendly medicament to wash pipe . Tested the wastewater generated 
from washing the pipe with new medicament and test results passed 
the non-hazardous standard”

d) Process 
improvement and 
optimization

Process “Added a computer-controlled circulating water tank to the rotary 
welding machine. The water from the tank can be used to 
continuously cool the pipes through the spray pipe, which helped 
significantly save water consumption” 

e) Recycling Process “Recycled plastic cloths for placing steel coil by cutting them into 
smaller pieces for the second plants to reduce the cloth input”

f) Facility 
improvement and 
transformation

Process “Wrapped the exhaust passage with insulation to reduce the heat loss 
and reduce natural gas consumption”

g)Manufacturing 
technology 
improvement and 
transformation

Technology “Introduced air compressor frequency conversion technology to 
reduce energy consumption in the production line; adjusted all 
subsequent processes in order to be compatible with the newly 
adopted technology”

h) Product 
adjustments and 
changes.

Technology “Gradually abandoned the development and production of non-
environmental cushions and expanded the production capacity of 
environmentally-friendly cushions”
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Table 6: Regression of people-, process-, and technology-related projects on efficiency. 

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6
Variable
People -0.0722*** -0.167*** -0.107***

(0.0158) (0.0525) (0.0152)
Process 0.190*** 0.0142** 0.196***

(0.0439) (0.00623) (0.0465)
Technology -0.00442 -0.0237* 0.00708

(0.0166) (0.0139) (0.0173)
People × Process 0.136**

(0.0602)
People × Technology 0.0558***

(0.0111)
Process × Technology -0.00149

(0.00294)
Firm innovativeness -0.00773 -0.00152 -0.00830 -0.00247 -0.0169* -0.000411

(0.00968) (0.00999) (0.0105) (0.00983) (0.00870) (0.00977)
Investment concentration 0.0207 0.0255 0.0204 0.0442** 0.0306* 0.0256

(0.0205) (0.0206) (0.0229) (0.0220) (0.0183) (0.0208)
Public firm? 0.0342 0.0447 0.0355 0.0121 0.0541 0.0401

(0.0435) (0.0431) (0.0480) (0.0417) (0.0380) (0.0427)
Firm size 0.0216*** 0.0179** 0.0216** 0.0213*** 0.0151** 0.0187**

(0.00805) (0.00782) (0.00917) (0.00759) (0.00724) (0.00793)
Firm age 0.00187 -0.00679 0.00220 0.00195 0.0197 -0.00799

(0.0186) (0.0186) (0.0211) (0.0176) (0.0161) (0.0195)
ISO 14001certified? -0.000550 0.00110 0.00605 -0.00411 0.00153 0.000485

(0.0145) (0.0151) (0.0162) (0.0139) (0.0130) (0.0149)
Industry dummies Yes Yes Yes Yes Yes Yes
Region dummies Yes Yes Yes Yes Yes Yes
Year dummies Yes Yes Yes Yes Yes Yes
Constant 0.828*** 0.579*** 0.764*** 0.913*** 0.867*** 0.571***

(0.0974) (0.0868) (0.0978) (0.0912) (0.0714) (0.0931)
Observations (portfolio) 90 90 90 90 90 90
Observations (projects) 323 323 323 323 323 323
Wald chi-squared 70.00*** 77.69*** 41.86* 79.24*** 116.86*** 69.51***
Prob > chi-squared 0.00 0.00 0.07 0.00 0.00 0.00
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Simar & Wilson (2007) effect analysis; standard errors in parentheses; 0< DEA score ≤ 1 (inefficient if DEA score < 1) ; 

*** p < 0.01, ** p <0.05, * p < 0.1; Number of bootstrap replications =1000 in all regressions. Additional tests are conducted to ensure that the addition of interaction terms 
will increase the likelihoods of the estimated models in models 4 and 5 when compared with the likelihoods of their corresponding main effect models, thereby suggesting a 
statistically significant interaction (complimentary) effect in theses models.  All IVs and interactions are counts of the number of certain category of project under “people”,
“process”, and “technology”.  Coding of the three categories is listed below. 

Table 7: How different category of green projects affects portfolio efficiency. 

Variable Socio-tech Model a Model b Model c Model d Model e Model f Model g Model h Full model 
Employee-related improvement People -0.101*** -0.108***

(0.0223) (0.0196)
Management improvement People -0.0426** -0.0357**

(0.0212) (0.0167)
Material/energy replacement Process -0.0202 0.0234

(0.0198) (0.0173)
Process improvement and transformation Process 0.0416*** 0.0617***

(0.0151) (0.0144)
Recycling Process 0.0152 0.0229

(0.0200) (0.0162)
Facility improvement and transformation Process 0.0124 0.0340**

(0.0168) (0.0152)
Product adjustments and changes Technology 0.0231 0.0172

(0.0498) (0.0383)
Manufacturing technology improvement and 
transformation   

Technology -0.0202 -0.00360

(0.0163) (0.0133)
Constant 0.843*** 0.878*** 0.866*** 0.837*** 0.844*** 0.832*** 0.852*** 0.882*** 0.789***

(0.0854) (0.0989) (0.105) (0.0955) (0.106) (0.105) (0.103) (0.102) (0.0812)
Wald chi-squared 57.29*** 39.81* 33.94 43.64** 29.68 33.48 36.95 34.32 117.38***
Prob > chi-squared 0.00 0.04 0.14 0.02 0.28 0.15 0.08 0.13 0.00

Simar & Wilson (2007) effect analysis; standard errors in parentheses; 0< DEA score ≤ 1 (inefficient if DEA score < 1) ; *** p < 0.01, ** p <0.05, * p < 0.1; Number of 
bootstrap replications =1000 in all regressions. 90 portfolios and 323 projects are analyzed in all models. Control variables are not shown. 



Xun Tong, U. of Groningen, x.tong@rug.nl
Kevin Linderman

33

Appendix 

Table A: Details of interviews and data validations

Interviewee  Understanding
BR-SI-PDE
program in Apollo

Data 
interpretation & 
variable 
construction  

Theoretical 
development 

Drawing 
implications 

Sustainable operations 
managers from the 
focal buyer firm Apollo
(two senior managers 
who have more than 
ten-year working 
experience at the focal 
firm); 
Roles: contacting 
suppliers and the third-
party auditor and 
reporting project 
outcomes to the CEO 
and stakeholders

One semi-
structured 
interview and one 
unstructured 
interview: 
Asked questions 
about the originality 
of this program, 
funding, challenges, 
collaborations with 
different parties, 
data quality, and 
potential data 
obtainability for 
research  

Two semi-
structured 
interviews: 
Discussed data 
structure, 
variable names 
and meanings, 
and how the data 
were collected
maintained. 

One semi-
structured 
interview: 
Discussed 
implementation 
issues in 
suppliers and 
feedback from 
suppliers. 

One 
presentation 
of research 
findings: 
Oral 
presentation of 
the main
research 
findings to the 
senior 
manager and 
suggestions 
for future 
development

Environmental Health 
and Safety (EHS) 
manager and quality 
manager (Supplier A); 
Roles: facilitating the 
on-site visits by Apollo 
and the third party 
auditor; interpreting 
reports of project 
recommendation and 
writing reports to CEO

One semi-
structured 
interview at A, B, 
and C, 
respectively:
Discussed obstacles, 
achievements, and 
suggestions 
regarding the green 
project program.

One semi-
structured 
interview at 
A, B, and C, 
respectively:
Discussed 
project 
categories, 
implementation 
challenges, and 
portfolio 
efficiency 

CEO and operations  
manager (Supplier B);
Roles: Same with 
Supplier A

Presentation 
of research 
findings: 
Oral 
presentation of 
main research 
findings to the 
senior 
manager and 
suggestions 
for future 
development

External relation 
manager (Supplier C); 
Roles: Same with 
Supplier A
Consultants in the 
third-party auditor; 
Roles: 
Coordinating with 
Apollo and all 
participating suppliers 
to help firms 
successfully carry out 
green projects and 

One semi-
structured 
interview:
Discussed data 
collection process, 
data reliability, 
Apollo and 
participating 

One semi-
structured 
interview: 
Clarified 
confusions about 
the meaning of 
data 
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record projects 
performance metrics 

suppliers’ 
motivations

Data sales consultant 
and data scientist in
Dun & Bradstreet:
Roles: 
Consulting and selling 
firm-level data; 
maintaining and 
monitoring firm 
financial data

Three semi-
structured 
interviews:
Discussed data 
availability and 
sources/reliability   
of data

All interviews were conducted at the buyer (Apollo)/supplier/consulting firm sites (face-to-face), on average, 
each interview lasted about one hour. All individual interviewees were involved in the green projects program
(except for the D & B employees). Additional follow-up phone calls/email communications were also made to 

clarify confusions. Total timespan for the interviews was 15 months. 
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