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Abstract  
Infrastructure projects are today major contributors to global warming. However, various strategies 

for reduction of greenhouse gas emission are available, as described in sustainability assessment 

schemes and performed in infrastructure projects.  

Beyond the choice of methodology, greenhouse gas reduction represents an important challenge, 

namely to engage involved actors. The establishment of a common sustainability policy, reflected in 

procurement requirements could be a solution. However, often in subject of complications such as 

misunderstandings or increased cost.  

Impres, a research project aiming to streamline the process of greenhouse gas reduction in the 

infrastructure sector, conducts case studies around the world in which useful methods and examples 

are assimilated. In cooperation with Impres, the present report includes the case study of California 

High-Speed Rail (CHSR). 

The aim of this report is to compare strategies for greenhouse gas reduction of sustainability 

assessment schemes for infrastructure projects, and evaluate the feasibility as procurement 

requirements. Furthermore, to identify corresponding processes of greenhouse gas reduction in the 

case study of CHSR, as well as revealing important factors towards realization.  

The course of work involves a study of the schemes Envision, BREEAM Infrastructure, CEEQUAL, IS 

Rating System as well as the standard PAS 2080. Regarding the case study, the sustainability policy, 

procurement requirements and project reports are the main used sources. Moreover, qualitative 

interviews with involved actors have been performed in California. Finally, to create a comparative 

matrix for greenhouse gas reduction processes, standards ISO and PAS 2080 have been reviewed. 

The results show that greenhouse gas criteria of the studied schemes not are mandatory to perform 
in anyone but PAS 2080. Which means that further requisites might be needed in order for the 
schemes to be useful as procurement requirements. Furthermore, the outlining of processes reveals 
a weakness in the setting of a greenhouse gas reference point, and while every scheme includes a 
greenhouse gas quantity assessment, there is a difference in the priority of reduction.   

Regarding CHSR, an exclaimed policy goal is to perform climate neutral construction. While 
procurement requirements are limited to quantification of emitted greenhouse gases and the use of 
effective construction machinery, which is insufficient to meet the goal. Nevertheless, the Authority 
in charge is performing CO2 compensating measures, such as planting trees.  

Finally, a variety of driving forces, success factors and challenges for realizing greenhouse gas 
reduction have been identified. For example, personal motivation and legislation as driving forces. 
Whereas, sustainability as a core mission, experience and communication are seen as success factors, 
and resistance to transfer sustainability goals to procurement is an exclaimed challenge. 

As a conclusion, sustainability assessment schemes do have certain processes for greenhouse gas 
reduction in common. However, they present criteria with different degrees of obligation, affecting 
feasibility as procurement requirements. In CHSR, similar processes are found, where further 
reduction of greenhouse gases can be achieved, especially by an optimized choice of construction 
materials. In the end, personal motivation seems to be an important factor for introducing and 
realizing greenhouse gas reduction goals in infrastructure projects.  

Keywords 

Carbon management, CO2 reduction, Greenhouse gases, LCA, Infrastructure, Sustainability 

Assessment Scheme, Rating System, Value Chain, Actors, Stakeholders.  
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Sammanfattning 
Infrastrukturprojekt bidrar idag till en stor del av den globala uppvärmningen. Det finns dock 

metoder för att reducera klimatgasutsläpp, som beskrivet i flera hållbarhetscertifieringar och 

implementerat i olika infrastrukturprojekt.  

Utöver val av metod, står klimatgasreducering inför en ytterligare utmaning, nämligen att involvera 

de utövande aktörerna. Att fastställa en gemensam policy som också reflekteras i upphandlingskrav 

kan vara en lösning, dock ofta utsatt för komplikationer såsom missförstånd eller ökade kostnader. 

Impres, är ett forskningsprojekt som siktar mot att effektivisera processen för klimatgasreducering 

inom infrastruktursektorn, och utför därmed fallstudier runtom i världen för att assimilera olika 

metoder. I samarbete med Impres, presenterar denna rapport fallstudien av California High-Speed 

Rail (CHSR). 

Målet med studien är att jämföra strategier för klimatgasreducering, som beskrivet i 

hållbarhetscertifieringar för infrastrukturprojekt, och evaluera om de är rimliga att använda som 

upphandlingskrav. Dessutom, att identifiera liknande processer för klimatgasreducering i fallstudien 

CHSR, samt uppdaga viktiga faktorer för ett förverkligande. 

Studien innefattar en genomgång av hållbarhetscertifieringarna Envision, BREEAM Infrastructure, 

CEEQUAL, IS Rating System, inklusive standarden PAS 2080. Gällande fallstudien har 

hållbarhetspolicy, upphandlingskrav och projektrapporter stått som underlag, tillsammans med 

kvalitativa intervjuer med involverade aktörer. För att sedan utveckla en metod för jämförelse av 

klimatgasreduceringsstrategier har standarden ISO och PAS 2080 varit till användning. 

Resultatet visar att klimatgasreduceringskriterier inte är obligatoriska att följa i någon 

hållbarhetscertifiering förutom PAS 2080, vilket bidrar till ett behov av ytterligare riktlinjer för 

användande som upphandlingskrav. Gällande fallstudien CHSR, är ett huvudmål i policy att utföra 

klimatneutrala konstruktionsfaser, medan upphandlingskrav är begränsade till kvantifiering av 

klimatgaser, och användning av effektiva konstruktionsmaskiner. Vilket inte är tillräckligt för att nå 

målet. Däremot, utför den verkställande myndigheten CO2 kompensationsåtgärder, såsom plantering 

av träd.  

Med intervjuresultatet fås information om drivkrafter, framgångsfaktorer och utmaningar gällande 

klimatgasreducering. Där personlig motivation, lagstiftning och upphandlingskrav är några utvalda 

drivkrafter. Erfarenhet från tidigare projekt, samt kommunikation och ärlighet ses som 

framgångsfaktorer, medan missförstånd och motstånd mot att inkludera hållbarhetsfrågor i 

upphandlingskrav är några av de uttalade utmaningarna.       

Sammanfattningsvis, har hållbarhetscertifieringar vissa processer för klimatgasreducering 

gemensamt. Däremot presenteras dessa kriterier med olika grad av obligation, vilket påverkar 

användandet som upphandlingskrav. I CHSR hittas liknande processer, men fortsatta 

klimatgasreduceringar kan nås, bland annat genom att optimera produktval. Slutligen, kan personlig 

motivation ses som en viktig faktor för att introducera och realisera klimatgasreduceringsmål. 

Nyckelord  

Klimatgasreducering, Klimatgaser, Klimatmål, Koldioxid, Livscykelperspektiv, Livscykelanalys, 

Infrastruktur, Hållbarhetscertifiering, Värdekedja, Aktörer, Upphandlingskrav. 
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Abbreviations 
CHSR – California High-Speed Rail 

CP x – Construction Package, followed by number  

CRB – California Rail Builders 

GHG – Greenhouse Gases  

ISO – International Organization for Standardization 

LCA – Life Cycle Assessment 

SAS – Sustainability Assessment Scheme 

Glossary 
In this report, the following terms are used with the corresponding meanings. 

Baseline – a greenhouse gas emission reference point 

Cap and trade – American system of controlling GHG emission through a market based approach  

Carbon – Used as a term for greenhouse gases in certain sustainability assessment schemes  

Carbon/GHG neutral – No excess greenhouse gas emission 

CO2-e – Carbon dioxide equivalents based on global warming potential, also called carbon 

equivalents in some sustainability assessment schemes  

Energy neutral – Energy used, equal to energy produced 

Global warming potential – Potential of greenhouse gases relative to CO2 

Greenhouse gases – Gases contributing to global warming 

Greenhouse gas management – The assessment, quantification and reduction of greenhouse gases 

Life cycle assessment – Assessing environmental impact through a life cycle perspective 

Life cycle perspective – Covering certain stages of a product or service life 

The Authority – The California High-Speed Rail Authority 

Value chain – Concerned actors in an infrastructure project involved in the GHG management 
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1. Introduction 
Infrastructure is today a major contributor to CO2 emission (UNEP-SBCI, 2008). From construction to 

full-scale operation, greenhouse gas emission is present through the whole life cycle, contributing to 

global warming (Dincer, et al., 2010). As a measure to quantify and reduce greenhouse gases from 

infrastructure projects, various methods are available, usually with a type of life cycle analysis 

approach. However, these methods contain substantial differences. 

To aid greenhouse gas management of infrastructure projects, various sustainability assessment 

schemes are available, like for example Envision (ISI, 2015) or IS rating System (ISCA, 2014). Whereas, 

mainly intended to promote sustainable development through recognition, other uses might be 

possible. In theory, they could serve as aid for deciding organs to form sustainability policies and 

procurement requirements (Absér, et al., 2013).   

Impres, which is a research project aiming to streamline greenhouse gas management in 

infrastructure projects, conducts case studies around the world to learn from the various existing 

methodologies (Impres, 2017). The final product is expected to be a guideline for successful 

implementation of greenhouse gas reduction in infrastructure projects, through effective use of 

procurement requirements. 

California High-Speed Rail, is an infrastructure project with ambitious sustainability goals (CHSR 

Authority, 2016 a). In an American state striving for greenhouse gas reduction, the railway project 

aims to reach beyond regulatory requirements. At least, it is the aim of the California High-Speed Rail 

Authority, with a wide range of project actors sharing the responsibility of performance. The project 

is therefore one of the chosen case studies of Impres, also presented in this report (Impres, 2017). 

Setting procurement requirements for greenhouse gas reduction can be a needed measure for the 

infrastructure sector to reach climate goals (Impres, 2017). It is however important to understand 

the different drives and needs of each actor in order to introduce such requirements in an effective 

manner (Gluch, et al., 2011). Adopting a sustainability assessment scheme could serve as an aid. 

However, a deliberate choice of scheme is necessary, with the diversity that exists today, as seen in 

the work of Absér, et al. (2013). 

This study will therefore clarify some of the main differences of how greenhouse gas management is 

described by different sustainability assessment schemes. As well as outlining the process from policy 

climate goals to practical implementation in California High-Speed Rail. Providing Impres with an 

informative base for further research development, as well as informing anyone interested in the 

subject, for example representatives and actors from the case study.  

1.1 Aim and objectives 
The aim of this report is to compare strategies for greenhouse gas reduction of sustainability 

assessment schemes for infrastructure projects, and evaluate the feasibility as procurement 

requirements. Furthermore, to identify corresponding processes of greenhouse gas reduction in the 

case study of California High Speed Rail, as well as revealing important factors towards realization.  

The objectives are: 

1 To outline greenhouse gas reduction methodologies of selected sustainability assessment 

schemes for infrastructure projects. 

2 To outline the process from policy to procurement and implementation of greenhouse gas 

reduction in California High-Speed Rail. 
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3 To outline the greenhouse gas management methodology of California High-Speed Rail. 

4 Reveal driving forces, success factors and challenges for greenhouse gas reduction amongst the 

actors of California High-Speed Rail. 

1.2 Delimitations 
The study is limited to the subject of greenhouse gas management in the infrastructure sector. 

California High-Speed Rail is the chosen case study due to ambitious climate goals, intern 

connections through WSP and relevance to Impres. The case study is furthermore focused on a 

partial stretch of the railway project, where procurement requirements are affected by the current 

sustainability policy. Finally, sustainability assessment schemes are limited in number, and chosen 

after relevance to infrastructure projects and enquiries from the Impres research team.   

2. Background 
This background section provides sufficient information in order to develop methods and reach each 

of the stated objectives. It will furthermore provide topics for discussion, and a base to relate and 

compare the results of the performed study.  

Global Warming and the impact of Construction, explains the main concepts and reasons for 

conducting this study. While the topic of Fulfilling Sustainability Goals touches the concept of policy 

and procurement requirements, what they mean for reaching sustainability goals, as well as the 

importance of the involved project actors – including driving forces, success factors and challenges 

for goal fulfillment of greenhouse gas reduction.  

The topic of Sustainability Assessment Schemes and Greenhouse gas Management, introduces two 

main concepts of this report, further motivating the importance of objective 1. While the topic of 

Impres elaborates more of the reasons for the performed report concept. Finally, the project of 

California High-Speed Rail is described, including some of the actors currently working on the project. 

Which is of importance to the majority of objectives, although especially relevant for objective 4. 

2.1 Global Warming and the impact of Construction  
In recent decades the average temperature of the atmosphere and oceans have increased due to 

global climate change (Dincer, et al., 2010). This temperature rise and the expected continuation, is 

referred to as global warming, majorly linked to anthropogenic greenhouse gas emission.  

The main greenhouse gases emitted by human activity are carbon dioxide (CO2), methane (CH4), 

nitrous oxide (N2O) and halocarbons (Dincer, et al., 2010). In order to assess the effect of each of 

these gases on global warming, an index called global warming potential (GWP) is used as a 

measurement. The GWP is related to a reference gas, commonly carbon dioxide, which is set to a 

value of 1. Enabling a description of greenhouse gases as carbon dioxide equivalents (CO2-e).    

Worldwide, the construction industry accounts for approximately 30 % of anthropogenic CO2 

emission (UNEP-SBCI, 2008). There is therefore a great potential in the industry to decrease 

anthropogenic impact on global warming. For example by choosing materials and construction 

equipment that release less CO2-e than the business as usual choices (Wang, et al., 2013). Whereas, 

the problem of choosing material and equipment can seem complicated, Wang, et al. argues that a 

life cycle assessment (LCA) can be a helpful tool, by assessing environmental impacts, including GWP, 

of construction activity and used products. From material extraction, to disposal at the end of service 

life, as a cradle to grave life cycle perspective.  
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2.2 Fulfilling Sustainability Goals 
For a deciding organ leading a sustainable infrastructure project, there are two typical measures in 

order to engage involved project actors to their cause. Firstly to adopt a core sustainability policy 

(Cohen, et al., 2015), and secondly to set procurement requirements connected to the policy goals 

(Glavinich, et al., 2008). While the policy informs stakeholders of core principals, procurement 

requirements could be an assertive measure for contractors and suppliers to comply.  

In order to succeed with a goal of greenhouse gas reductions in infrastructure projects, Lee argues 

that it is important to adopt sustainability as a core business requirement, thus engaging actors who 

are realizing the product (2010). In an infrastructure project, the concerned actors could for example 

range from authority level to contractors and suppliers (Chinyio & Olomolaiye, 2010), and are part of 

a so called project value chain (GCB, 2016 a).  

Since every decision taken on authority level ultimately is delivered by the value chain members, it 

makes the value chain performance vital in order to meet sustainability goals (D'heur, 2015). Glutch 

et al. further argues that experience sharing, cooperation, networking and competence within the 

value chain, are important factors in order to reach sustainability goals (2011). Varnäs et al. also 

argues for good communication and coordination within the value chain as important factors (2009). 

Furthermore, Varnäs et al. argues for a need of clear goals, and a sustainability strategy for 

procurement requirement setting.  

One could also question what actually drives an actor towards sustainability goals, and Varnäs, et al. 

argues that local laws and requirements have a high importance (Varnäs, et al., 2009). While Glutch, 

et al. mentions positive effects like improved image, economic benefits, as well as satisfied staff, 

management and stockholders to be important factors (Gluch, et al., 2011).  

A major concern with sustainability requirements, is the risk of hindering competition and increasing 

cost (Varnäs, et al., 2009). However, a higher demand of sustainable products and services might also 

increase the availability. Varnäs, et al. further mentions that the effectiveness of procurement 

requirement often is difficult to assess due to the lack of environmental indicators and baseline data. 

This lack of appropriate data accompanied by high costs, are also reasons for insufficient monitoring. 

A proposed solution is therefore to limit environmental requirements, and only focus on the most 

significant aspects, that are easy to monitor and verify.  

Glutch et al. however, mentions that the main challenges for realizing sustainability goals are related 
to available resources concerning economy, personnel and competence (2011). Furthermore, a lack 
of cooperation and knowledge sharing between internal projects are seen as major obstacles. While 
external obstacles mainly stem from non-existing markets and no competition advantages. 
 
In the Swedish construction industry, contractors responsible of project design, are in a higher 
degree than other actors experiencing a lack of cooperation will as an obstacle towards 
environmental work (Gluch, et al., 2011). Build contractors on the other hand point out the lack of 
reliable information as a major obstacle. Overall, the construction sector mentions knowledge 
sharing between projects, and lack of cooperation within a company as major issues.  
 

2.3 Sustainability Assessment Schemes and Greenhouse gas Management 
A sustainability assessment scheme (SAS) for infrastructure projects, is normally based on criteria 

fulfillment of various sustainability aspects, as seen in CEEQUAL (CEEQUAL Ltd, 2013) and BREEAM 

(BRE Global, 2015 a) amongst others. With the sustainability aspects ranging from ecology, to social 

and economic, applied to the different project phases.  
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By adopting a sustainability assessment scheme in an infrastructure project, a shared definition of 

sustainability within the value chain could be attained, allowing efforts to be measured and 

compared in a transparent manner (Absér, et al., 2013). SASs could therefore be of aid to set 

sustainable procurement requirements. However, because of the diversity existing in each scheme, it 

is not a certainty that global warming is a prioritized aspect. An alternative could therefore be to 

apply the use of a specific standard, like PAS 2080 (GCB, 2016 a). 

Greenhouse gas (GHG) management, is the process of quantity assessment and reduction of GHG 

emission (GCB, 2016 b). In order to identify and quantify the emitting sources, it is essential to select 

appropriate life cycle stages to study (Curran, 2015). For those following ISO, the required life cycle 

stages for a life cycle analysis are; raw material acquisition, production, use, waste treatment or 

recycling/reuse (ISO, 2006). Included in these stages are activities that indirectly produce GHG 

emission, such as energy supply. Connecting transportation of material and products is another 

subject covered. 

2.4 Impres 
Impres (Implementation of Procurement Requirements for Sustainable Collaboration in Infrastructure 

Projects), is a research project aiming to streamline implementation of climate goals in the 

infrastructure and construction sector (Figure 1) (Impres, 2017). The focus is the transmission from 

policy goals to procurement requirements, and how sustainability assessment schemes can be of aid, 

either as direct procurement requirements or other uses.  

The research project is co-funded by Volvo CE through their Construction Climate Challenge, the 

Swedish research council Formas through a ProcSIBE project, as well as WSP and Skanska (Impres, 

2017). Collaboratively performing the project is WSP, Skanska, the Swedish Royal Institute of 

Technology (KTH) and Lund University. The final product of Impres is expected to be a set of 

recommendations and a guideline, to be available for infrastructure projects in the end of 2018. 

As the spectrum of the research is global, it includes international case studies of infrastructure 

projects. Where the studies and comparisons between projects and their greenhouse gas 

management, will be of importance in order to develop the final product of Impres. Therefore, this 

study presents results from California High-Speed Rail. 

 

Figure 1: Impres aims to provide a more efficient process of implementing goals of GHG reduction in infrastructure projects 
through procurement requirements. Which in the end is implemented by the value chain members.  

2.5 The California High-Speed Rail Project 
California High-Speed Rail, is currently the largest infrastructure project in the U.S., aiming to connect 

the major regions of the Californian state, contributing to improved mobility and economic growth 

(CHSR Authority, 2017). Expected to be in full service by 2029, the high-speed train will run from San 

Francisco to Los Angeles in under three hours (Figure 2). The system will also be extended to 

Policy Goals
Procurement 
Requirements

Practical 
Implementation



5 
 

Sacramento in the North of California, San Diego in the South, as well as connected to the 

XpressWest railway to Las Vegas. 

2.5.1 The California High-Speed Rail Authority 
The California High-Speed Rail Authority (the Authority) was established in 2003 with the purpose to 

oversee planning, designing, building and operation of the high-speed rail (CHSR Authority, 2016 b). 

The top level consists of a Board of Directors, who amongst other responsibilities have the approval 

power for the sustainability policies (Morales & Boykins, 2013). Responsible to lead and direct all 

activities of the Authority, is the Chief Executive Officer (CEO). Under report of the Board of Directors, 

the CEO establishes strategic plans, objectives and policies, and is likewise responsible for the 

practical implementation and fulfillment.  

2.5.2 Construction Packages 
The work on the high-speed rail is divided into several stretches called Construction Packages (CPs). 

This study will focus on CP 4, which is an approximately 35 kilometer stretch from north of Kern 

County to Poplar Ave, close proximity to Shafter (Figure 3) (CHSR Authority, 2017). CP 4 is during the 

conducting of this report, still in design and preconstruction phase. 

When announcing a new package, the Authority issues a request for qualified contractors to apply for 

the responsibility of design and construction (CHSR Authority, 2014). The first step is for the 

Authority to select contractors meeting requirements of qualification. These requirements are based 

on experience, technical competency, ability to perform, amongst other specifications. Contractors 

selected through the process then have the opportunity to submit a formal proposal for the project, 

which partially is evaluated after costs and small business participation. The latter meaning a 30 % 

requirement of hiring small businesses for the project.     

As a result of the application process for CP 4, the design and construction responsibility were 

awarded to California Rail Builders (CHSR Authority, 2016 c), which is an entity formed by Ferrovial 

Agroman, including the expertise of Euroestudios and OTHON, INC. (California Rail Builders, 2016). 

The two latter firms will be responsible for the design, while Ferrovial Agroman takes the 

responsibility of construction with the support of local subcontractors.    

The Authority have furthermore appointed an extra pair of “eyes and ears” in central valley, in the 

form of HNTB Corp., who will oversee the work made in CP 4 and control that requirements are met 

(CHSR Authority, 2015 a). 
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Figure 2: Map of the California High-Speed Rail stretches. Phase 1 is estimated to be completed by 2029. While phase 2 will 
be projected later. An additional connection is expected with the XpressWest rail, reaching Las Vegas. 
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Figure 3: Construction Package 4, a stretch of the CHSR in central California, and the focus of this study. Where Wasco is a 
current location of CRB offices and construction operations (California Rail Builders, 2016), located Northwest of Bakersfield 
(to aid localization in Figure 2).   

  

http://hsr.ca.gov/docs/programs/construction/CP4_Poplar_Ave.pdf
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3. Methods 
To outline greenhouse gas reduction methodologies of sustainability assessment schemes and the 

California High-Speed Rail, a matrix and life cycle perspective model is developed to reach objectives 

1 and 3. The SAS outlining is a result from studying official manuals of each scheme, while the case 

study of CHSR is dependent on a sustainability policy, procurement requirements and project 

reports, also fulfilling objective 2. To reach undocumented information and personal experience of 

GHG reducing measures stated in policy and procurement requirements, interviews are performed 

along the CHSR value chain, fulfilling objective 4. 

3.1 The Greenhouse gas management matrix 
To enable a comparison between sustainability assessment schemes, a set of topics are established 

and listed in Table 1. The topics are products inspired by the greenhouse gas management standards 

ISO 14064 (Wintergreen & Delaney, 2007) and PAS 2080 (GCB, 2016 a). Moreover, these topics 

enable an outlining of the greenhouse gas management in California High-Speed Rail. Thus, covering 

objectives 1 and 3. 

ISO 14064 highlights three important aspects of GHG management; inventory boundaries, GHG 

quantification and reporting (Wintergreen & Delaney, 2007). The aspect of the boundaries are in this 

report, studied separately under the sub-section Life Cycle Perspective. 

PAS 2080, includes four main processes of GHG management; target setting, baseline, quantification 

and monitoring (GCB, 2016). Also mentioned is continual improvement and reporting. The former is 

left out as a measure of simplification, and the latter already covered through ISO 14064.   

Additions are made to the above mentioned topics, including how to identify and choose greenhouse 

gas reducing measures, and practical implementation of these measures. Furthermore, the 

procedure of compliance verification is assumed relevant for every SAS and procurement 

requirement of the CHSR. 

The sustainability assessment schemes part of the study are Envision, CEEQUAL, BREEAM 

Infrastructure (Pilot) and IS Rating System. These selections are based on relevance to infrastructure 

projects, and inquiries from the Impres team. The GHG standard PAS 2080 is furthermore included in 

the SAS comparison due to Impres inquiry, as it functions similarly to the SASs and could likewise be 

valuable as an aid for procurement and policy setting. 
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Table 1: The matrix of relevant GHG management stages for infrastructure projects. Finalized through discussion with the 
Impres team. It is filled with paragraphs explaining the processes for GHG management in each SAS and the CHSR. 

Setting a 
baseline  

Essential to enable GHG emission reductions. The baseline will provide a 
reference point for reductions. It could for example be the results and practices 
used in similar projects, or an initial infrastructure design to be improved. 

Greenhouse gas 
life cycle 
Assessment 

Based on a chosen life cycle perspective and theoretical baseline, a forecast 
quantifying GHG is made. 

Reduction 
Target 

Setting a reduction target based on the assessed GHG quantity will influence 
the choice of measures. Here it will be described if the methodology provides 
reduction targets, or guidance for the practitioner to establish one. 

Identification 
and choice of 
reduction 
measures 

Whether it is a design optimization, mitigation measure, or energy and fuel 
effective machinery, a process to identify and choose relevant GHG reduction 
measures is relevant. 

Implementation 
and monitoring 
 

When all previous steps are executed, it is time for action. Here it will be 
described how criteria or requirements on actual implementation is 
formulated, and how monitoring should be performed. 

Reporting and 
verification 

Reporting performance is an essential step in order to establish a verification of 
compliance.  

 
A more detailed comparison is performed between the sustainability assessment schemes, 
concerning the listed topics mentioned below, developed after a study of the SASs and discussion 
with the Impres team. The listed topics are answered with yes or no for each individual SAS (including 
PAS 2080), and is inspired by the comparative method of sustainability standards found in 
Standardsmap (Standardsmap, 2017). Through this detailed comparison, an evaluation of the use of 
sustainability assessment schemes as procurement requirements is further facilitated. 
 
The following topics are used in the SAS comparison, where sub-topics are shown in cursive: 
 

 GHG management criteria 

 Dedicated section 

 Mandatory compliance   

 Life cycle perspective 

 Cradle to grave 

 GHG quantification required according to minimum criteria 

 CO2 equivalents as required metric  

 User vehicle emission accounted  

 LCA as encouraged method 

 Reduction of GHG emission encouraged 

 Required according to minimum criteria 

 Baseline specified 

 Target setting encouraged 

 Guidance to identify reduction measures 

 Monitoring construction GHG encouraged 

 Required according to minimum criteria 

 Verification process available 

 Verification required 
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3.2 Life Cycle Perspective  
The coverage of life cycle stages can vary substantially between GHG management methodologies. 

To simplify comparison, an illustrative model of the life cycle perspective is developed, as seen in 

Figure 4. The model covers the stages required from ISO 14040 (ISO, 2016) and inspired by LCA 

theory of Marry Ann Curran (Curran, 2015). It is a simplified and adapted version made to fit physical 

infrastructure projects, and will further aid to reach objectives 1 and 3. 

 

Figure 4: Life cycle stages of an infrastructure project. Green colour will signify a required stage, while blue is optional and 
red not included in an assessment.   

Material acquisition stands for the stage where raw materials are extracted from the earth. 

Moreover, transportation to manufacture location is included. 

Product Manufacture considers the steps necessary to attain a usable product, such as material 

processing, fabrication, packing and distribution to a construction site.  

Construction involves activities on-site that emits GHG, such as the use of construction machinery, 

both through combustion engines and other energy sources.  

Operation concerns GHG emission caused by operative and maintaining actions. Such as energy 

needs and their direct or indirect emission. User vehicle emission is however studied separately.  

Decommission covers end of life processes from disassembly processes.   

Waste Management covers processing, transport and disposal (landfill, incineration etc.), recycling 

or reuse. 

3.3 Outlining the GHG management process of CHSR 
To resolve objective 2, a study is made of the sustainability policy of California High-Speed Rail, 

where goals, targets and principals regarding greenhouse gases are outlined. This is followed by 

studying the GHG procurement requirements of Construction Package 4, and comparing with the 

earlier Construction Package 1. Thus revealing possible effects of the new sustainability policy. 

Where the comparison of CP 4 and CP 1 is known to be sufficient, since no major changes have been 

made in CP 2-3 regarding GHG management (SM, 2017 a). Finally, a study of project and LCA reports 

reveal practical implementation of greenhouse gas management. 

3.4 Interviews 
As a method to resolve objective 4, qualitative interviews are performed following the methodology 

of Kvale (Kvale, 2007). Partially performed as a measure to reach undocumented facts, however, 

primarily concerning the conceptual view of greenhouse gas reductions amongst the involved actors. 

Thus, the interviews are performed with representatives from each value chain actor of California 

High-Speed Rail. Uncovering driving forces, success factors and challenges of greenhouse gas 

reduction. Where the interviewees are selected with the aid of WSP employees working with the 

CHSR in San Francisco and Sacramento, asserting that each representative is relevant for the study.  

The value chain members involved in the interviews are: The CEO, Sustainability Manager, EPD 

expert and the Procurement Team of the Authority. Along with the Design/Build Contractor from 

California Rail Builders, the Project Manager of CP 4 assigned of the Authority, the Monitoring 
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Manager of HNTB, and the Steel Supplier of CP 4. In Figure 5 these interviewees are illustrated in the 

value chain functions. Moreover, all interviews are voice recorded under permission of the 

interviewees. 

 

Figure 5: A simplified illustration of project value chain functions (GCB, 2016 a). The asset owners/managers are in this 
interview study represented by Authority members, while the design and construction aspects of CP 4 are covered by 
interviewing California Rail Builders, HNTB as well as the Authority representative project manager. Finally the 
Product/Material Suppliers category is covered by an interview with Gerdau Steel.  

The interviews are performed according to the Impres interview guidelines, which are found in 

Appendix I and II. Where the guidelines are developed in a cooperative effort of the author and the 

Impres team. Questions are based on six categories, regarding: procurement requirements for GHG 

reduction, origin of requirements (such as a policy or SAS), organization and processes for practical 

implementation and verification requirements, learning and improvement, final results of GHG 

management, and key success factors and barriers to reach GHG reduction goals.  

Because of the value chain guideline (appendix I) being comprehensive, it requires a choice of 

relevant questions to pose to each actor, which is decided under discussion between the 

interviewers. As an example, the category of origins of requirements is suitable for Authority 

interviewees and might not be asked to a supplier.  

The chosen set of questions are sent to the interviewee at least one week before proceeding with 

the interview. However, follow up questions are posed spontaneously during the proceeding, to 

reach more information with importance to the research project. Establishing a semi-structured 

interview form (Kvale, 2007).  

The interviews are performed with at least two interviewers, who divide the tasks of note taking and 

leading the interview, where the author of this report has the former role. Leading the interviews is 

the project manager of Impres, Stefan Uppenberg. 

Since the comprehension of the interview results are beyond the aim of this report, only relevant 

information are presented, in the following categories: Driving Forces, Success Factors and 

Challenges. 

Asset 
Owners/Managers

Designers Constructers
Product/Material 

Suppliers
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4. Results 
The study results are in this section presented in three parts. Firstly concerning the analysis of the 

sustainability assessment schemes, secondly the California High-Speed Rail GHG management. Finally 

presenting results derived from the interviews.   

4.1 Results of Sustainability Assessment Scheme Analysis 
With a variety of sustainability assessment schemes available for infrastructure, the differences 

regarding greenhouse gas management can be significant, demanding attention of the practitioner to 

choose one that agrees with their core principals. Following, are descriptions of the selected SASs, 

and results outlining their GHG management methodology and criteria. 

This chapter will therefore fulfill objective 1 of the study:  

1 To outline greenhouse gas reduction methodologies of selected sustainability assessment 

schemes for infrastructure projects. 

4.1.1 Envision 
Envision is a sustainability assessment scheme developed by the Zofnass Program for Sustainable 

Infrastructure at Harvard University and the Institute for Sustainable Infrastructure (ISI, 2015). The 

main purpose of Envision is to encourage improvement of sustainability performance and resiliency 

in physical infrastructure. 

Comprising of a framework of sustainability criteria and objectives, Envision mainly concerns initial 

project stages such as planning and design. Moreover, a central point of the scheme is to reach 

further than the individual project by considering interests of affected communities.  

Awards and recognition are available as an option for the Envision practitioner, and received after an 

official third party verification. The awards are based on achievement levels elaborated for each 

criterion. Where the initial level aims to slightly exceed regulatory requirements, while the most 

ambitious level involves restorative actions. A simplified achievement system for greenhouse gas 

management is shown in Table 2.  

Climate and Risk is one of five sustainability categories (with the others being Quality of life, 

Leadership, Resource Allocation and Natural World), and is where greenhouse gas management is 

elaborated. Notable, is that either Climate and Risk nor any other category is mandatory to comply 

with in order to be eligible for a final Envision certification. Furthermore, criterions are allowed to be 

omitted if proved not to be applicable in the project. The greenhouse gas management methodology 

of Envision is elaborated in Table 3 and the life cycle stages illustrated in Figure 6. 
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Table 2: Achievement levels based on project design and relative to a baseline. 

Improved Enhanced Superior Conserving Restorative 

Life-cycle carbon 
assessment 

At least 10% GHG 
reduction 

At least 40% GHG 
reduction 

Carbon neutral Net carbon 
negative 

 

 

Figure 6: In order to achieve and surpass an Improved level of the GHG criterion in subcategory Emissions, Envision requires 
that the stages from material acquisition to operation are covered by a life cycle analysis. Noteworthy, is that the operation 
stage includes emission estimation from user vehicle traffic. 

Table 3: Elaborated GHG management of Envision. 

Setting a 
baseline  

No, definition for baseline setting. Reductions are however relative to a 
performed LCA. Therefore, the baseline is assumed to be the result of an initial 
project design, making modifications and improvements possible.  

Greenhouse gas 
life cycle 
Assessment 

Greenhouse gases are quantified in CO2 equivalents and based on a simplified 
LCA, which considers the key materials needed for the project; key is however 
not specified. 

Reduction 
Target 

Setting a target for greenhouse gas reduction is not required. 

Identification 
and choice of 
reduction 
measures 

A guide to identify or evaluate GHG reducing measures is not available. 
However, advocating the use of CO2-e sequestration to handle unavoidable 
emissions. With the concept meaning that greenhouse gases are removed from 
the atmosphere, into a deposit where it cannot be emitted to the atmosphere, 
where tree planting is a mentioned method. 

Implementation 
and monitoring 
 

No practical implementation criteria regarding greenhouse gas reduction is 
available. Instead, the emission savings are evaluated on project design 
improvements and related estimates.  

Reporting and 
verification 

Verification is only required if recognition and award is desired. Documentation 
of the results then needs to be controlled by an assigned third party verifier, 
showing that a life cycle assessment has been performed according to the 
requirements. To further prove efforts of greenhouse gas reduction, 
calculations from an improved project plan and design are needed, where the 
reduction is presented in percentage relative to a baseline.  

 

4.1.2 BREEAM Infrastructure 
BREEAM (Building Research Establishment's Environmental Assessment Method) is a U.K. based 

sustainability assessment scheme for the built environment (BRE Global, 2015 a), where a 

specification for infrastructure currently is available as a pilot version. 

Alike the standard BREEAM assessment scheme, the primary aim of the infrastructure specification is 

to mitigate life cycle impacts on the environment, as well as improve social and economic impacts. 

This is achieved by integration and use of the scheme in an infrastructure project, during early stages 

of design and construction.  
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The scheme will enable practitioners to measure, evaluate and reflect their performance against best 

practices. Where a final assessment is performed by licensed assessors and quality assured by BRE 

Global limited, who issues a certificate as verification for reached objectives. 

Criteria covering greenhouse gas management are found in several sections, however mainly in 

Carbon and Energy and Integrated Design (the others being Resilience, Stakeholders, Local Wellbeing, 

Transport, Land use and ecology, Landscape and heritage, Materials, Pollution, Waste and Water). 

Achievable credits are separated into strategy and project, where strategic could signify the 

conducting of an LCA, while reporting construction results would award a project credit.  

Life cycle stages used in BREEAM is shown in Figure 7. The perspective is cradle to grave, and 

includes all stages required by ISO. An optional stage is available and concerns benefits and loads 

beyond the system boundary, as impacts from land use change due to the new infrastructure. 

Minimum requirements are present in certain sections in order to be eligible for a final certification. 

However, the sections concerning greenhouse gas management are not amongst these, allowing 

non-compliance. If the practitioner however chooses to implement greenhouse gas management, 

the guided process is described as in Table 5, and reductions rewarded as described in Table 4.   

Table 4: Rewarding system for energy and carbon savings, which is are awarded inavailable for construction and operation 
stages separately. The credits add to a total sum from each scheme section, criteria and is decisive for a final BREEAM 
reward award level. 

Credits 1  2  3  4  

Savings [%] 25 50 75 95 

 

 

Figure 7: The life cycle assessment required in BREEAM Infrastructure includes all stages shown above. Operation covers 
calculations from a total traffic volume, therefore assumed to include user emitted greenhouse gases. 
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Table 5: The greenhouse gas management process elaborated in BREEAM Infrastructure. 

Setting a baseline  No definition of baseline is elaborated. However, assumed to be an initial 
design and project plan.  

Greenhouse gas 
life cycle 
Assessment 

The criteria involves a greenhouse gas LCA, quantifying CO2 equivalent 
emission during the expected lifetime of the infrastructure asset in question. 

Reduction Target Objectives and targets for each life cycle stage are set after the assessed 
quantification. This is followed by a “brief” including involved actors, to keep 
everyone up do date and distributing responsibilities. How to perform the 
brief is however not elaborated.  

Identification and 
choice of 
reduction 
measures 

Greenhouse gas reducing measures are based on recommendations from an 
LCA practitioner, and selections are based on lowest emission. The LCA is 
later updated with the new construction and operational details.  

Implementation 
and monitoring 
 

The measures selected are required to be implemented in order to fulfill 
project criteria. Monitoring of the construction stage GHG emission and 
energy use is incentivized with an extra credit. 

Reporting and 
verification 

Data from monitoring is registered through a BREEAM Online tool, and will 
enable a comparison with the baseline results retrieved from the initial LCA. 
Compliance of criteria is thereafter verified by a BREEAM assessor.  

 

4.1.3 CEEQUAL 
CEEQUAL (formerly Civil Engineering Environmental Quality Assessment and Awards Scheme) is 

another U.K. based sustainability assessment scheme, currently separated into two versions; one for 

Projects and one for Term Contracts (CEEQUAL Ltd, 2012). As the Projects scheme is specialized for 

civil engineering and infrastructure, it is the chosen one to be studied. CEEQUAL is furthermore under 

the process of integration with BREEAM, unifying the infrastructure schemes in the close future (BRE 

Global, 2015 b). 

Similar to other schemes, the sustainability criteria are formed to encourage higher performance 

than regulation requires, in environmental, economic and social sustainability aspects. As an 

incentive to reach the higher criteria, rewards are received after a third party evaluation.  

Climate change is topic mentioned in the manual, along with international aims of CO2 emission 

reduction (CEEQUAL Ltd, 2013). The focus is to educate the practitioner in the topic, and to 

encourage reduction of GHG emission. By combining greenhouse gas criteria with related topics such 

as energy use, emission reduction is motivated through further environmental and economic 

reasons. An example of how criteria credits are distributed is shown in Table 6, while the process of 

greenhouse management is described in Table 7. 

Greenhouse gas reduction criteria are found in different sections throughout the guide, although 

mainly present in the Physical resources section (other sections are: Project Strategy, Project 

Management, People and Communities, Land use and Landscape, The Historic Environment, Ecology 

and Biodiversity, Water Environment, Transport). Several of these criteria are classified as 

mandatory, meaning that they cannot be omitted, although not meaning the need for compliance.  

The life cycle perspective of CEEQUAL is shown in Figure 8, and includes the stages from material 

extraction to decommissioning, where the two last stages are optional. However, the LCA 

requirements concerns an assessment of several environmental impact aspects. If the practitioner 

chooses to calculate solely the impact of greenhouse gases, required life cycle stages are un-
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mentioned. Noteworthy, is that no requirement of quantification in CO2 equivalents is stated in the 

manual, nor in ISO which the LCA is referred to (ISO, 2006). However, a source to a CO2-e equivalents 

guideline is provided (CEEQUAL Ltd, 2013).   

Table 6: Points are distributed and added to a total sum from every scheme section. This example applies to practical 
implementation of “improvements” identified in an LCA. Extra 11 points are awarded if the best alternative is proved to have 
been implemented.  

Implemented 
improvements [%] 

< 10 10 – < 20 20 – < 40 40 – < 60 60 – < 80 80 >  

Points 0  9  18  27  36  45  

    

 

Figure 8: Life cycle stages to cover according to LCA criteria. However, if the LCA solely covers the impact of greenhouse 
gases, life cycle stages are unmentioned. 

Table 7:Greenhouse gas management methodology of CEEQUAL. 

Setting a baseline  No process off setting a project baseline is guided. 

Greenhouse gas 
life cycle 
Assessment 

Criteria for an LCA are available, regarding life cycle stages as shown in 
Figure 8. There is however in this criteria no direct requirement to study the 
life cycle GHG emissions. It is instead an assessment of several different 
environmental aspects. If the LCA practitioner chooses to perform an 
assessment solely considering greenhouse gases, a lower reward score is 
achieved.    

Reduction Target The subject of setting a greenhouse gas reduction target is not required nor 
discussed. 

Identification and 
choice of 
reduction 
measures 

No unique step for identifying or selecting GHG reduction measures is 
stated. It is however assumed that the LCA practitioner will provide a list of 
possibilities for decreasing environmental impacts. 

Implementation 
and monitoring 
 

Implementation of improvement measures are evaluated in percentage, 
relative to the amount of identified possibilities. It is acknowledged that 
categorization in percentage can be difficult, assessors are therefore urged 
to focus on environmental impact reductions in general. Regarding CO2 
emission, the impact is evaluated indirectly by for example energy saving. 
Furthermore, effective energy use is prioritized over CO2 concerns, in the 
event of a conflict of interest. Finally, monitoring of construction GHG is not 
required. 

Reporting and 
verification 

Evidence is needed in the form of an LCA report or similar, along with 
protocols, technical reports etc., showing to what degree the LCA has 
affected the choice of design, materials and components.      
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4.1.4 PAS 2080 
Being the world’s first specification for greenhouse gas management in infrastructure, PAS 2080 

offers a systematic way to reduce GHG emission throughout the whole life cycle of infrastructure 

projects (GCB, 2016 a). The standard consists of two major parts, a manual concerning requirements 

and a second document providing guidance for each required procedure.  

PAS 2080 encourages good communication and collaboration throughout the value chain. Included 

are therefore requirements to be achieved by each value chain member, as an effort to establish a 

common language, culture and goal. The requirements are separated into several categories: 

Requirements for all value chain members, asset owner/manager requirements, designer 

requirements, constructor requirements and product/material supplier requirements. These 

categories represent requirements for GHG quantification, reduction target and baseline setting, 

monitoring, reporting and continual improvement.  

Producing a carbon footprint (LCA, solely regarding greenhouse gases) is considered a prerequisite 

for a successful greenhouse gas management, and PAS 2080 attempts to cover all relevant stages, as 

seen in Figure 9 (GCB, 2016 b). The greenhouse gas management steps are further described in Table 

8.   

 

Figure 9: An LCA includes all life cycle stages shown above, and user vehicle emission is accounted in the operation stage. As 
an addition, GHG outside the system boundary is encouraged to be separately assessed. Deviations from these requirements 
may be allowed, if justification can be provided. 

Table 8: Key greenhouse gas management processes elaborated by PAS 2080. 

Setting a baseline  A guideline for baseline setting is available. It is based on the materials and 
activities required for the project, using data for all relevant life cycle stages 
(GCB, 2016 a). It is encouraged to set a baseline even if data access is limited, 
although taking accuracy limitations into account. An alternative way of 
setting a baseline is the “business as usual approach”, based on usual 
practices in the organization. 
 
The importance of a realistic baseline is highlighted. This can be achieved by 
letting the value chain have the opportunity to challenge it. Otherwise, there 
is a risk of setting the baseline too high or too low; with the former resulting 
in greenhouse gas reductions being too easy, and the latter burdening the 
value chain by misrepresenting savings made.  
 
The baselines can remain unaltered during the project until the project is 
completed. There is however a need of modification if significantly improved 
data becomes available or if errors are revealed. 

Greenhouse gas 
life cycle 
Assessment 

The quantification of greenhouse gases is required as shown in Figure 9, and 
shall be measured in CO2 equivalents (GCB, 2016 a). The use of tool and 
assessment method is decided by the practitioner, as long as requirements 
stated in the document are followed. Where some of the requirements 
include subjects such as; defining a goal and scope, setting a relevant 
functional unit, and data quality rules. LCA and IOA (Input-output analysis) 
are given assessment method examples. 
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The assessment results should be shared with the value chain. Enabling a 
refining of the baseline data and evaluation of the actualized GHG savings 
during construction. Suppliers of construction materials should also be 
required to deliver environmental product declarations (EPDs). 

Reduction Target The deciding organ is encouraged to set ambitious greenhouse gas reduction 
targets relative to the baseline (GCB, 2016 a). These will be communicated 
and shared within the value chain, with possibility to comment. 
Furthermore, these targets should be updated periodically as a result of 
continual improvement.    

Identification and 
choice of 
reduction 
measures 

How to identify reduction measures is discussed through various examples, 
such as workshops with engineers involved in the technical field (GCB, 2016 
a).  
  
The options identified need to pass a greenhouse gas assessment, allowing a 
comparison with the baseline value. Later, the chosen measures continue to 
a detailed design stage in order to maximize greenhouse gas reduction.  

Implementation 
and monitoring 
 

No specific implementation requirement exists. However, a monitoring 
program shall be developed, where greenhouse gas emission during stages 
with significant impact are required to be monitored (GCB, 2016 b). 
Nevertheless, considerations should be taken to not overburden the value 
chain with monitoring responsibilities.   

Reporting and 
verification 

Each greenhouse gas management step has an objective to communicate 
and report progress within the value chain, in order to receive feedback and 
possibility to apply improvements (GCB, 2016 a). 
 
Compliance can either be self-assessed, or by a third party accredited to 
certify against the PAS 2080 requirements (GCB, 2016 b).    

 

4.1.5 IS Rating System  
The IS Rating system is an Australian sustainability assessment scheme for infrastructure, developed 

by the ISCA (Infrastructure Sustainability Council of Australia) (ISCA, 2014). Not only posing criteria to 

be fulfilled (rated according to Table 9), but also providing guidance and tools to achieve sustainable 

design, procurement, construction and operation.  

Greenhouse gas criteria are found in the section Using resources, in subcategories Energy and Carbon 

as well as Materials. Other categories found are Management and Governance, Emissions, Pollution 

& Waste, Ecology, People and Place, and Innovation. The criteria corresponding to Materials 

accounts for GHG emission associated with material acquisition, product manufacturing, 

transportation, maintenance and replacement. While Energy and Carbon criteria concerns 

greenhouse gas emission related to construction and operation activity, through for example the use 

of equipment with combustion engines.  

To set a frame for the carbon management, three different scopes are available. Scope 1, addresses 

carbon sources owned or controlled by the constructer or operator. Scope 2, addresses carbon 

related to the production of electricity used. And Scope 3, addresses carbon released by sources not 

owned, nor controlled, although indirectly related to the infrastructure, as for example third party 

deliveries. The greenhouse gas management processes of IS Rating System is further elaborated in 

Table 10. 
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The IS Rating practitioner has some freedom to tailor life cycle perspective and scope. If however 

minimum criteria are to be met, the life cycle stages shown in Figure 9 shall be covered. 

Furthermore, requirements for greenhouse gas reduction varies between sections. The Materials 

section only requires quantification of greenhouse gases as a minimum, while Energy and Carbon 

sets higher ambitions, with implementation of reduction measures required (Edge Environment, 

2015). Nevertheless, referencing to a baseline and demonstrating the reduction percentage is a 

higher criterion (ISCA, 2014).    

Table 9: Each criteria fulfillment is rated by a 3-level scale, where even a level 1 fulfillment exceeds business as usual 
performance (ISCA, 2014). During a full assessment using the scheme, the points from each section are summed up, decisive 
for a project certification level corresponding to Commended, Excellent or Leading. No mandatory compliance is existing, 
allowing points to be collected from sections of the practitioners’ choice.   

Performance Commended Excellent Leading 

Level 1 2 3 

 

 

Figure 10: The minimum required life cycle stages for greenhouse gas assessment. Scope 1 and 2 must be covered in the 
Energy and Carbon section. 

Table 10: Greenhouse gas management processes and guidance of IS Rating System. 

Setting a baseline  The baseline consists of the estimated impact of a reference design for the 
infrastructure (ISCA, 2014). This design uses business as usual technologies, 
accepted by key stakeholders and approved by ISCA.  

Greenhouse gas 
life cycle 
Assessment 

Quantification of material impact is urged to be performed through the 
Materials calculation tool, although equivalent LCA tools are allowed (Edge 
Environment, 2015).  
 
Quantification of energy use and GHG emission from construction and 
operation is covered by the Energy and Carbon section. Measurements are 
made in CO2-e.  

Reduction Target No target setting criteria. 

Identification and 
choice of 
reduction 
measures 

An analysis of possibilities shall be performed. Although not requiring any 
specific method, documentation and compliance with ISO 50001 is needed 
(ISCA, 2014). Guidance is furthermore available through external sources, 
where Marginal Abatement Cost Curve is a recommended approach for 
prioritizing and selecting measures. 
  
The practitioner should minimize carbon emission through all project stages 
by; reducing energy use and maximizing energy efficiency, using renewable 
energy or low GHG emission sources. Offsetting is also a recommended 
measure, through for example planting of trees. 

Implementation 
and monitoring 
 

Implementation of GHG reduction measures are required for Energy and 
Carbon (ISCA, 2014). Monitoring of the emission is required for Scope 1 and 
2, to achieve level 1 criteria for both construction and operation phases. 
Further guidance is available, with a reference to NGER Reporting Guidelines. 
Noteworthy, is that demonstration of greenhouse gas reduction only is 
required to reach higher levels.  
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Reporting and 
verification 

Evidence of criteria compliance needs to be reported to an assessor. 
Verification is then performed by a third party, providing a recommendation 
to the ISCA, who finally decides the achievement degree of a certification.  
 
A copy of the IS Material calculator results, signed by a suitable project 
representative is also required. 

 

4.1.6 Comparison  
Following is a detailed comparison of the sustainability assessment schemes analyzed (Table 11). 

Where a notable result is the lack of a specified baseline in most schemes, making it uncertain how 

to calculate any achieved greenhouse gas reductions. Furthermore, every scheme regards a life cycle 

perspective, however, only BREEAM and PAS 2080 requires a cradle to grave assessment of emitted 

greenhouse gases.    

Reduction of greenhouse gases is encouraged by every scheme. It is however only present in higher 

achievement criteria of Envision and CEEQUAL, meaning that it is not required by any minimum 

criteria. Furthermore, the subject of reduction target setting and guidance for identifying 

corresponding measures are absent amongst the majority of schemes. 

Monitoring of emitted greenhouse gases is not present as a requirement in Envision or CEEQUAL, 

with these schemes being more orientated towards the design phase of infrastructure projects. 

Whereas the matrix regards monitoring during the construction phase, PAS 2080 and IS Rating 

System also requires monitoring of the operation phase. 

PAS 2080 and BREEAM infrastructure and IS Rating System, do stand out in the comparison with the 

most check marks. It is however important to remember that PAS 2080 is a standard specifically for 

greenhouse gas management, overlooking other environmental impacts. Which also explains the 

mandatory compliance of greenhouse gas management in PAS 2080, while being voluntary in the 

other schemes.     



21 
 

Table 11: Detailed comparison of the sustainability assessment schemes. Checkmarks meaning yes, and crosses meaning no. 

 

GHG 

Management 

Topics

Envision CEEQUAL BREEAM 

Infra.

PAS 

2080

IS Rating 

System

GHG management 

criteria

Dedicated section

Mandatory 

compliance  

Life cycle perspective

Cradle to grave

GHG quantification 

required according to 

minimum criteria

Carbon equivalents as 

required metric 

User vehicle emission 

accounted 

LCA as encouraged 

method

Reduction of GHG 

emission encouraged

Required according to 

minimum criteria

Baseline specified

Target setting 

encouraged

Guidance to identify 

reduction measures

Monitoring 

construction GHG 

encouraged

Required according to 

minimum criteria

Verification process 

available

Verification required
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4.2 Results of the California High-Speed Rail Analysis 
This chapter will provide results regarding greenhouse gas management of California High-Speed 

Rail. By studying the sustainability policy, procurement requirements and project reports, objective 2 

is fulfilled. Additional study of greenhouse gas calculations will provide sufficient information to 

outline the greenhouse gas management methodology of the project. Thus, also fulfilling objective 3 

of this study. 

Objectives fulfilled: 

2 To outline the process from policy to procurement and implementation of greenhouse gas 

reduction in California High-Speed Rail. 

3 To outline the greenhouse gas management methodology of California High-Speed Rail. 

4.2.1 Sustainability Policy  
The sustainability policy of the Authority is an influence for procurement requirement setting of 

construction packages. Where the policy is a result of Californian legislation, stakeholder interests 

and global practices (CHSR Authority, 2016 a). The Authority did 2016 update their sustainability 

policy, originally established 2013, which has made a direct impact on the procurement of CP 4. It 

covers environmental, social and financial aspects. Among these aspects, greenhouse gas 

management is a topic that has been given more attention (CHSR Authority, 2016 d). 

Objectives stated in the policy allow the procurement office of the Authority to set further refined 

goals when forming procurement contracts (CHSR Authority, 2016 a). For this purpose a 

Sustainability Implementation Plan has been developed, clarifying how policy priorities will be 

embedded in procurement documents. Where one of the major climate objectives stated in the 

policy is to Maximize greenhouse gas reductions.  

Notable principles from the policy are quoted in the list below.  

 100 percent renewable energy for operation 

 Minimize GHG emissions through design and requirements and achieve net-zero GHG and 

criteria pollutant emissions in construction 

 Design and construct high-performance facilities that achieve net-zero energy for operations 

and are LEED certified at the Platinum level.   

 Require Environmental Product Declarations for construction materials, including steel 

products and concrete mix designs, to improve disclosure of materials information and 

incentivize the selection of better environmental performing products. 

 Require  optimized  life-cycle  scores  for  major  materials,  including  global  warming  

potential,  while maintaining durability and quality. 

 Make life-cycle performance of components, systems, and materials a priority. 

The policy reflects the legislation of the Californian State, referring to several bills covering 

sustainability (CHSR Authority, 2016 a). However, additional commitments have been signed with 

organizations such as the International Union of Railways. A selection of related sustainability 

commitments can be found in Appendix III.  

4.2.2 Procurement Requirements 
To uncover effects of the updated policy on procurement requirements concerning greenhouse gas 

management, general provision documents of CP 1 (CHSR Authority, 2013 a) and CP 4 (CHSR 

Authority, 2015 b) have been studied and compared. The documents are structured in an almost 

identical manner, with the section Sustainability being the most relevant. 
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The main greenhouse gas requirement found in CP 1 is to reduce emission during construction. This 

is done by establishing an estimated baseline for the construction stage. The contractor is then 

required to reduce emissions below this baseline and regulatory requirements, through more 

efficient machinery, construction procedures, transports etc. Additionally, renewable energy should 

also be used, when feasible. 

Moreover, a Sustainability Management Plan is required. Demonstrating how monitoring, and 

reporting of fuel, energy usage, and greenhouse gases will be performed. Also, to address how 

regulatory and contractual requirements will be met or exceeded.  

A monthly Sustainability Management Report is required, including data of fuel, power and material 

use. When at project completion, the contractor needs to produce a Contract close-out, reporting 

final data of fuel, energy, emissions savings, and materials use.    

All above mentioned requirements for CP 1 are also included in CP 4, with minor modifications (CHSR 

Authority, 2015 b). The major addition is the EPD requirement, which needs to be attained for all 

used concrete and steel products. 

4.2.3 Greenhouse gas reduction initiatives of the Authority 
As a measure to off-set CO2, a tree-planting program is under development and in cooperation with 

the Californian Department of Forestry and Fire Protection (CHSR Authority, 2016 e). The plantation 

will be located in both rural and urban areas of California, targeting areas in the near vicinity of rails 

and benefiting disadvantaged communities.  

To further work for reduced GHG emission in California, the Authority has entered a voluntary 

emission reduction agreement with San Joaquin Valley Air pollution Control District (CHSR Authority, 

2017). This agreement involves replacing ineffective combustion equipment’s, trucks and school 

buses, which so far has led to 24 new tractors, 12 trucks and one school bus. 

4.2.4 Greenhouse gas calculation 
Official documents of a GHG assessment for CP 4 are not yet existing (SM, 2017 b). However, the 

main principles of the CHSR greenhouse gas management methodology is outlined in CP 1 

documents (CHSR Authority, 2013 b). The calculations are described in CO2 equivalents according to 

respective global warming potential. Where the relevant gases are carbon dioxide, methane and 

nitrous oxide.  

Both construction and operation activities are included in the calculations. However, without 

accounting for maintenance during the operation phase. Construction activities directly emitting CO2 

are outlined as constructions equipment, vehicles delivering material and workers travelling to site, 

which are all included in the calculation. 

Indirect emission of GHG during operation are accounted as well, and could stem from energy needs, 

although the Authority plans to use 100 % renewable energy sources. Emission reductions are further 

regarded as a result of passengers choosing to ride California High-Speed Rail instead of relying on 

the car, or airplane.  

The time frame for the operation analysis was set to 2022-2060. Net zero emission for construction is 

based on realizing a tree planting program, illustrated in Figure 11 together with the CHSR view on 

greenhouse gas management. 
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Figure 11: Illustration of main principles regarding the GHG management of CHSR. 

Greenhouse gas quantification related to construction materials had during the time of this report 

not been performed. Main reasons being that quantities, sources and suppliers still where unknown. 

The contractor has been required to note all use and sources of materials, as well as transportation 

and the use of energy (fuel, electricity). With the information then be used as a baseline for further 

reductions in coming construction packages. The report also highlights the responsibility of the 

material manufacturers to report GHG emission, as it is outside of the project boundary.  

Operational calculations are focused on benefits, and based on a travel demand model converted 

into CO2e. For example, an assumption is made that for every 101 passengers that choses to ride 

with CHSR, a commercial plane would be taken off air rotation. High and low scenarios of CHSR 

ridership have been produced, where even the lowest assumed result would contribute to CO2-e 

savings.  

4.2.5 Outlining Greenhouse gas Management of Construction Package 4 
Alike the analysis of sustainability assessment schemes, the greenhouse gas reduction processes for 

CP 4 are here outlined in Table 12, while the covered life cycle stages are presented in Figure 12. 

 

Figure 12: GHG quantification of material acquisition and product manufacture stages are covered with the help of EPDs. 
However no reduction requirement is formulated for these stages. Construction GHG is quantified and reduced as mentioned 
in Table 12. Finally, the operation phase GHG assessment includes no calculation for maintenance, therefore shown as red. 
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Table 12: Outlined greenhouse gas management methodology of CP 4. 

Setting a baseline  The baseline setting for CP 4 concerns estimations of the construction stage, 
presented by the contractor. Possibly also a result of used methods and 
procedure of CP 1. 

Greenhouse gas 
life cycle 
Assessment 

A GHG assessment of the construction stage is performed by the Authority 
through received data from the contractor. The data includes; construction 
equipment, fuel type and hours used.  
 
Quantity estimates of used concrete and steel together with the EPDs are 
also provided to the Authority, however not included in baseline 
calculations. 

Reduction Target No reduction target is set for the contractor or suppliers. 

Identification and 
choice of 
reduction 
measures 

No process to identify and choose GHG reduction measures. 

Implementation 
and monitoring 
 

GHG reductions during construction shall be performed by using more 
efficient equipment, and practices during construction. Additionally, EPDs 
shall be available for used steel and concrete products.  
 
Monitoring of CP 4 is the responsibility of HNTB. Follow ups are controlled 
and compared to the Sustainability Management Plan produced by the 
contractor.  
 
Furthermore, the Authority takes action through CO2 off-setting measures.  

Reporting and 
verification 

The contractor will report data from the use of construction equipment and 
material quantities. Followed by verification procedures performed by HNTB 
and the Authority, making sure that procurement requirements have been 
fulfilled. 

 

4.3 Interview Results  
The interviews performed together with Impres provides sufficient information to fulfill objective 4. 

Facilitated by questions regarding driving forces, success factors and challenges of meeting GHG 

reduction goals.  

Objective fulfilled:     

4 Reveal driving forces, success factors and challenges for greenhouse gas reduction amongst the 

actors of California High-Speed Rail. 

4.3.1 Interviewees 
The following value chain members have been a part of interview study (Table 13), representing 

value chain members from the Authority, as well as the contractor and steel supplier of CP 4.     
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Table 13: Interviewees of the California High-Speed Rail value chain including Envision, participating in the Impres study. 

California High-Speed Rail Value Chain 

Position Organization/Company 

CEO CHSR Authority 

Sustainability 
Manager (SM) 

CHSR Authority /WSP 

EPD-expert CHSR Authority /WSP 

Procurement team CHSR Authority /WSP 

Design and 
Construction Manager 
(DCM), CP4. 

CHSR Authority 

Monitoring Manager 
CP 4. 

HNTB 

Project Manager (PM) 
CP 4  

California Rail Builders 

Energy Manager Gerdau Steel 

 

4.3.2 Driving Forces 
CEO and SM 

Californian legislation is an important backdrop for sustainability implementations in policy and 

procurement. However, personal commitment is required to further push limits of GHG reduction. 

The CEO and Sustainability Manager are the people who drove the current sustainability adaptations 

in policy and procurement requirement. As policies have to be approved by board members, 

convincing arguments are needed, as not everyone are committed to reach sustainability goals.  

An ambition the Authority has, is to raise questions on state level. By stating an example, showing 

that GHG reductions in infrastructure projects can be achieved. As most of the funding is received 

from the cap and trade program, there is a will to do good things for the money, and the fact that it is 

a clean train project makes it easier. 

SM and EPD-expert 

During procurement of CP 1, sustainability requirements were mainly based on California legislation. 

Through discussions with universities regarding possibilities, GHG reduction opportunities were 

identified. Resulting in a policy of what was meaningful and relevant to the Authority, and revealing 

the ambition of being a leader in sustainable materials and a driving force towards supply chain 

sustainability.  

In procurement for CP 4, the requirements of EPDs for concrete and steel were added in order to 

influence the industry towards material impact transparency.  

Project manager of CRB 

The project manager of CRB expresses that the requirements does drive the business towards GHG 

reductions. Without mandatory compliance, GHG management would probably have been given a 

lower priority.  
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Energy manager of Gerdau Steel 

Sees the LEED certification (SAS for buildings) as a major driver for GHG management, where an EPD 

criterion is available. Some customers do ask specifically about EPDs, and have therefore already 

been produced for the major products. 

4.3.3 Success Factors 
CEO 

The key to success is to rely on others and applying what is already there. This way, no unique 

standard or method needs to be developed. Moreover, the large scale of the project makes it 

possible to push the industry towards more sustainable processes. 

SM and EPD-expert 

Sustainability being a core part of the Authority’s mission to provide a transportation solution, and 

engaging stakeholders from the executive level through the value chain. 

Procurement team 

Objective standards are mentioned as key success factors, as they are easy to follow. The more you 

match requirements to existing standards, the better. Using tried and tested methods are also 

important, which however needs to be balanced with cutting-edge.  

HNTB 

The monitoring manager has three success factors in mind, in order to make the value chain work 

together: Trust. Communication. Honesty. Without these factors the value chain falls apart. It is 

important to trust each other as professionals. To disagree is okay, as long as these factors exist, 

issues can be solved. Both the DCM and PM express that these factors are present in their project.  

DCM 

Project manager of the Authority, mentions that history is an important success factor. As he also has 

been a part of CP 1 and CP 2-3, he knows what has worked and what has not. Examples from 

previous projects are important, as you learn from your mistakes. 

It’s like an older and younger brother. The older brother does all the mistakes, so 

the younger brother learns how to not make the mother mad. - DCM 

We watch, we learn and modify. - HNTB 

Energy manager of Gerdau Steel 

The supply side is likely to respond to incentives, there has to be a system for rewarding investment.  

4.3.4 Challenges 
CEO 

The biggest obstacle for GHG reduction requirements (as evaluation of bids) is the view of it as anti-

competitive. There is a lot of emphasis on competition and price, and agencies are afraid to set 

ambitious requirements because of the fear of rising prices. The CHSR Authority aims to show 

everyone that it does not need to be the case. So far, every CP has been under budget estimates.  
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SM and EPD-expert 

A challenge is that small businesses might not be able to afford producing their own product-specific 

EPDs. Challenges also arise by the different levels of the value chain. One example is that people 

writing requirements not are the same ones who implement them. Which can lead to 

misinterpretations of the requirements, misunderstandings, and frustration.  

Procurement team 

The major challenge is the learning curve which comes with new sustainability requirements. 

Sustainability management plans from contractors can be below the Authority’s standards, with 

strange use of words and definitions.  

HNTB  

The monitoring manager mentions that the major challenge is the availability of human resources. As 

several CPs will be constructed simultaneously, local businesses might be occupied, which can lead to 

increased cost, and delays. This could make it a problem to find suppliers, but also environmental 

groups working with monitoring. 

PM 

The project manager of CRB sees no challenge with the EPD requirement, as it is the way the industry 

is developing. The requirement does filter out some suppliers, but as long as there is a variety of 

suppliers to choose from, it is not an issue. The filter is furthermore seen as positive. As it stimulates 

suppliers and manufacturers to use more environmental friendly processes.  

When it comes to costs, it is yet difficult to say if the GHG requirements will cause cost increase. On 

one hand new construction machines cost to buy, on the other hand these machines are more 

efficient, consume less fuel, and require less maintenance. Even though it might contribute to higher 

costs in the near future, it would be a beneficial investment and cause less emission.  

Energy manager of Gerdau Steel 

The price of producing EPDs is not considered to hinder Gerdau Steel. The biggest issue is the 

difference in policies. Some steel suppliers release more GHG emission than others, although still 

able to supply CHSR.  

A challenge is to incentivize GHG reductions, as the EPD requirement of the Authority is seen as a 

“piece of paper”, with no consequences if emissions are high. However, the EPD is seen as a good 

measure to state future threshold or reduction requirements. 

Emissions are partially regulated by the California cap and trade program. However, an essential 

difference is that the cap and trade regards emissions released on the construction site, while the 

EPD covers a cradle to gate LCA. 
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5. Discussion 
This section provides a discussion of the achieved result and relation to background literature 

studies. Separated into sections regarding sustainability assessment schemes, greenhouse gas 

management in California High-Speed Rail and the interview results. Furthermore, a discussion of 

uncertainties in methods and results is presented.  

5.1 Sustainability Assessment Schemes  
Using sustainability assessment schemes to set procurement requirements can be an appealing idea. 

It would allow adopting of existing requirements, definitions and verification processes. At the same 

time, the alignment of procurement requirements with an SAS, creates a structure towards 

achievement of certification and awards. Nevertheless, how suitable the analyzed schemes are for 

this purpose can be questioned.         

The greenhouse gas reducing processes outlined in Table 1 have provided an overview of the 

different strategies presentenced in the sustainability assessment schemes. Revealing similarities 

such as a recommendation of LCA performance to assess greenhouse gas quantities. However, few 

schemes encourage target setting for greenhouse gas reduction. Likewise are guidelines for choosing 

implementation measures often absent.  

Through the comparative GHG topics matrix (Table 11), the many differences between the 

sustainability assessment schemes are presented. Demonstrating the importance of review and 

deliberate choice of scheme. Even though all studied examples requires a GHG quantity assessment, 

topics such as life cycle stages, CO2 equivalents, and user vehicle emission are addressed differently.  

The covered life cycle stages are particularly important to note, as it will affect the assessment of 

greenhouse gases greatly. Through the analyzation it is noted that all schemes cover the life cycle 

stages up to construction, where the operation stage also is covered by most schemes, while a full 

cradle-to-grave assessment is required by PAS 2080 and BREEAM Infrastructure. 

A major issue found in most of the schemes is the specification of a GHG baseline. No matter how 

much the practitioner is required to reduce GHG, it cannot be calculated in a comparable manner if 

the procedure to establish a GHG baseline is undefined or vaguely described.  

Perhaps most important to note for the purpose of procurement setting, is that none of the 

comprehensive assessment schemes require GHG management as a mandatory measure. With PAS 

2080 as an exception, being a GHG standard for infrastructure. 

This means, that a procurement requirement of a SAS to be used in an infrastructure project, not is 

equal to a guarantee for a performed GHG management. However, there might be un-studied SASs 

that do require GHG management as a mandatory measure. 

Nevertheless, an SAS could be used for GHG procurement requirement setting through the 

suggestions mentioned below:  

1. During procurement, specify GHG criteria as mandatory to perform. 

2. Set requirements based on GHG standards instead, such as PAS 2080. 

3. Combine the use of an assessment scheme and PAS 2080. 

The first option might seem to solve the issue of criteria not being mandatory. However, it is 

uncertain if the SAS organizations would allow tinkering with requisites. Where Envision is a special 
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case, allowing unofficial use. However, for an official certification it is necessary to go through the 

whole package of SAS criteria as stated in the manual. 

Secondly, there is the option to require a use of the GHG standard PAS 2080. Which would eliminate 

the issue of voluntary GHG criteria, as the standard is based on mandatory GHG requirements. 

However, the extensive time and effort needed to follow the standard could pose as a drawback. An 

authority would need to be involved in the GHG management process, thus not able to load the full 

responsibility on a contractor.  

The third option could be beneficiary for procuring authorities who desire certifications from an SAS, 

but are attracted to the precise GHG management structure of PAS 2080. This could be facilitated by 

requiring a scheme to be used for general sustainability assessment, but PAS 2080 specifically for 

GHG management. Very likely, the requirements of the GHG standard would also align with criteria 

of the SAS.     

5.2 GHG Management in California High-Speed Rail 
There is a clear process for realizing greenhouse gas reductions in the California High-Speed Rail 

organization. In the policy we find goals of GHG neutral construction phases, and an operation phase 

powered with 100 % renewable energy. These goals are thereafter transmitted into procurement 

requirements, and implemented by the contractors and suppliers. 

With all CPs currently being in construction or preconstruction, procurement is yet limited to these 

phases. The requirements of GHG reduction is also concentrated to construction, by for example 

using more efficient construction machinery, effective procedures, effective transportation and 

renewable energy when feasible. The reduction of GHG then being related to a baseline of estimated 

construction procedures, which however is unclearly defined – either a result of CP 1 procedures and 

used machinery, or estimated by the contractor with business-as-usual proceedings.  

How much GHG savings these requirements will provide is uncertain. However, certainly not enough 

for CO2-e neutrality. This is an indication of the process from policy to procurement not being direct. 

Introducing change takes time, and in CP 4 another step was taken with the requirement of EPDs for 

concrete and steel products. 

Through the EPDs, awareness of GHG emission from materials is attained. With this data there is 

potential of calculating GHG reductions, by for example comparing with industry averages. Today, it 

is merely a measure to raise awareness. Perhaps sufficient for motivating contractors to choose 

sustainable products, and suppliers to invest in sustainable processes. However, Gerdau Steel argues 

that it is not.  

As the EPD requirement of the Authority comes with no consequence for high emissions, it makes it 

possible for steel manufacturers with high GHG emission to still deliver material to the projects. 

Therefore, requirements with emission thresholds could be needed to engage suppliers. Possibly 

accompanied with economic incentives for investments made to decrease GHG.  

Beyond procurement, the Authority also takes matters in their own hands, by CO2 off-setting 

measures. However, the benefits and efficiency of these measures can be discussed. Furthermore, it 

can be argued that the measures are beyond the project boundary. Thus not necessarily motivating a 

construction phase to be called GHG neutral. 

Through the GHG management processes outlined in Table 12, we can further outline similarities 

with the sustainability assessment schemes. Such as a vaguely described baseline as well as a lack of 
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reduction target and guide towards choice of measures. Greenhouse gas emission quantities are 

however assessed, through data of materials, machine use and EPDs provided by contractors.  

5.3 The Value Chain 
Greenhouse gas management requires more than a functional methodology. It requires the value 

chain to work together, with every link as important as the other. Where, the interviews performed 

have provided an insight of the driving forces, success factors and challenges of each actor.  

5.3.1 Driving forces 
We learn, that the driving forces of the value chain towards greenhouse gas management varies 

significantly. With the Authority to a large degree influenced by Californian legislation, while 

construction managers are directly driven by procurement requirements, and the steel supplier by a 

sustainability assessment certification.  

However, personal motivation (or a driving spirit) has been needed in order to include GHG reduction 

as a core aim of the Authority. With certain board members of the Authority seemingly not being 

committed to sustainability questions, it has been the responsibility of the CEO and Sustainability 

Manager to provide convincing arguments. The fact that the project concerns sustainable 

transportation has made argumentation easier. 

Another driving force for the Authority is unrevealed, as a major influence to the sustainability policy 

are derived from discussions with universities. Showing that the academic world have the power to 

affect infrastructure projects, even though standing outside of the direct value chain. 

The Authority itself provides a driving force, not only within the value chain of the project, but raising 

questions on state level. If GHG reduction can be implemented in CHSR, it could also be done in other 

projects. Nevertheless, the ambition of being a leader in sustainability does indeed provide a major 

drive for the contactor of CP 4. Without the procurement requirements for GHG management, these 

questions would likely have been less prioritized by the CRB.  

With the steel supplier, it is a different story. The energy managers’ personal commitment towards 

GHG reductions is present throughout the interview. Where the EPD requirement of the Authority 

not is considered to incentivize GHG reductions. Furthermore, the EPDs already exist for the major 

products of Gerdau Steel, previously asked by customers following the LEED assessment scheme. 

Thus, it seems like the driving force of the Authority not yet succeeds to affect the whole value chain. 

However, bearing in mind that Gerdau Steel have high internal sustainability ambitions. Policies of 

steel manufacturers are different, and perhaps the EPD requirement will have an effect somewhere.  

5.3.2 Success factors  
First of all, the driving forces themselves, have been important factors in CHSR for implementation of 

GHG reduction. One can wonder how GHG management would have been developed without the 

CEO and Sustainability Manager. Perhaps a driving spirit is a fundamental factor to realize 

greenhouse gas reductions in infrastructure projects.  

Important to further investigate, is at which level of the value chain a driving spirit would be most 

needed and efficient. Seemingly, the need in CHSR is mainly found in two major areas. Primarily to 

introduce a sustainability policy. Secondly, to convince resisters of the transmission of policy goals to 

procurement requirements.  
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At the supplier side, we also find a driving spirit in the energy manager of Gerdau Steel. Perhaps his 

personal drive could be of better use. By for example, contributing to the development of 

procurement requirements. Nevertheless, a routine would be needed to make his opinions heard.  

Another success factor mentioned by the CEO, is the large scale of the project. As a small scaled 

project not would have had the same influence on contractors and suppliers to incentivize 

investments for GHG reduction.  

The EPD-expert and Sustainability Manager highlights sustainability as a core part of the Authority 

mission to be important, similar to the view of Lee (Lee, 2010). Furthermore, engaging all value chain 

member is seen as essential, and the procurement team highlights the connection of requirements 

to objective standards as an important factor. 

Using tried and tested methods is also considered important, and the project manager of CP 4 

mentions history, or experience, to be a success factor. Introducing new measures, then seems to 

come with greater risks of failure. Perhaps, history could then be transmitted from other projects. 

The brother relationship example provided by the DCM suggests that the need of history not 

necessarily means personal experience.  

Gerdau Steel, mentions that suppliers are likely to respond to incentives, and sees a need to reward 

investments for GHG reduction. A possibility could then be to introduce a bonus system concerning 

GHG reductions made by both contractors and suppliers.   

An interpretation of the success factors, in a large scale project, could then possibly be visualized like 

in Figure 13. 

 

 

 

Figure 13: Simplified illustration of success factors of CHSR. 

A driving spirit at Authority level, makes sure that sustainability becomes a core part of their mission. 

Forming a sustainability policy and a praxis for transmission to procurement requirements. The 

requirements are also connected to objective standards, which are easy to follow. Whereas the 

contractors possess enough history (or experience) to confidently perform accordingly to the 

requirements. Furthermore, investments made to reduce GHG could be incentivized. 

Through the whole value chain there is then a core of trust, honesty and communication; necessary 

for cooperation and solving issues. Communication through the value chain is likewise mentioned as 

Driving Spirit
Objective 

Requirements
History

Trust. Communication. Honesty.

Rewards
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a success factor in the literature study, along with clear goals and sustainable strategies for 

procurement (Varnäs, et al., 2009). 

5.3.3 Challenges  
Onto the challenges, yet again demonstrating the diversity within the value chain. The CEO describes 

the major challenge to be the view of GHG reduction requirements as anti-competitive and 

increasing costs. With a general fear of these requirements limiting available contractors for 

construction packages. Which, also is a topic brought up in the Varnäs (Varnäs, et al., 2009).  

However, the aim of the CEO is through this large-scale project, challenge the business-as-usual 

procedures in the infrastructure and construction sector. Making GHG reductions the new normal, 

and maintaining competition. 

The fear of the EPD requirement being anti-competitive, were met by the Authority by assuring that 

that the EPD would not be a measure to evaluate construction package bids, but merely a 

requirement in order to enable placing a bid. The requirement is furthermore not seen as an issue 

amongst the CRB, who are finding enough suppliers for steel and concrete products. However, GHG 

quantification is only the beginning of a GHG management process. How the market will react to any 

future reduction requirements is yet to be seen.  

Regarding costs, the EPD did not seem to increase product prices enough to be a challenge. CRB were 

instead discussing the question of buying new construction machinery. Where it yet is early to say if 

costs will rise, as the machines would consume less fuel and require less maintenance.  

The EPD cost is neither an issue for the steel supplier. Who sees the major challenge to be the lack of 

GHG reduction requirements and the different policies of steel suppliers. Without a reduction 

requirement or threshold for GHG emission, suppliers who release more GHG are as able as the ones 

releasing less GHG, to supply CHSR with steel. The national cap and trade program does put some 

constraints, but does not include the same life cycle stages as the EPD, being limited to the 

construction phase.  

The EPD-expert and SM had a worry of the EPD requirements to be overwhelming for small business 

suppliers, who would not afford to produce them. It would be interesting to see how many of the 

bidding steel and concrete suppliers actually are categorized as small businesses, and if it then is an 

issue to be concerned over. The small business issue is however present for HNTB, who sees a future 

lack of local human resources and suppliers connected to their 30 % small business hire requirement. 

The issue is however a result of the construction packages being constructed simultaneously, 

assumed to result in increased costs and delays. 

Similarly, high cost is mentioned as a reason for insufficient monitoring in the literature review 

(Varnäs, et al., 2009). Where a proposed solution was to limit aspects to monitor and only focus on 

the most significant ones, which might be a solution for the CHSR. The question is if GHG emission 

would be one of those prioritized aspects, or amongst the neglected.  

Another challenge mentioned is the misunderstanding between actors. Especially between the 

procurement team and contractors, which seems to be an issue of lacking cooperation and 

communication, also highlighted by Glutch (2011). If the procurement team sets requirements 

without consulting the value chain, neither making their expectations clear, misapprehensions and 

irritation are more or less expected. 

It is interesting to see how the subject of cooperation not is a frequently mentioned aspect amongst 

the interviewees, as neither a success factor nor challenge. Instead the importance of 
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communication and relying on others seems to be the answer. As seen in the literature review, 

cooperation is a more discussed topic in Sweden, where the value chain does experience the lack as 

an issue (Gluch, et al., 2011). 

Availability of resources and non-existing markets are mentioned as challenges in the literature 

review (Gluch, et al., 2011). Where the lack of resource in CHSR mainly is connected to personnel. 

There is however an existing market of EPD producers and GHG effective products. Glutch also 

mentions the lack of competition advantages connected to environmental work (2011), which seems 

to be the point of Gerdau Steel. When GHG reducing investments not are rewarded, it is difficult to 

keep running a business.  

Lack of reliable information and knowledge sharing between projects are furthermore seen as issues 

in the Swedish construction sector (Gluch, et al., 2011). The former point is not an issue brought up 

by the CHSR project managers. However, the Authority are finding sustainability management plans 

below expectations. Thus, the informative connection between the Authority and the project actors 

might be in need of improvement. Regarding knowledge sharing between projects, it is considered to 

be important for CHSR, but has not been described as a challenge.  

5.4 Uncertainties in methods and results 
A more thorough literature study could be performed. The lack of referred literature in this report 

can partly be connected to a current lack of available research in relevant areas. However, mainly an 

issue of literature search not being performed continuously during the conducting of the report. The 

fact referred literature are based in Sweden, could affect the relevance of comparability with CHSR.   

The methods of comparing GHG management of SASs and infrastructure projects, does require 

processing and is not a direct result from the sources. To achieve more dependable results, the 

processing could be performed by a group relevant professionals. 

Furthermore, the GHG management matrices might benefit from redesigning. Covering different 

topics or with a different following order. The life cycle stage model could also benefit from 

redesigning. Perhaps, dividing the stages would unearth more differences between GHG 

management strategies. On the contrary, a removal or combining of stages could provide a sufficient 

simplification.   

The interviews require analyzation in several steps, which might mean a risk of misrepresentation. 

Even though, all interviewees have had the opportunity to comment on the result. Some have 

chosen not to. Furthermore, since only certain parts of the Impres interview results are used, this 

report does not express the whole story of any value chain member. However, seen as necessary to 

enable a manageable analyzation.  

The study of CHSR through official documentation does include a risk of relevant information being 

missed or misinterpreted. There might also be internal documents unreachable to the author that 

would give the study important data. However, through interviews and CHSR Authority connections, 

an additional degree of assurance have been attained.  
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6. Conclusion 
The sustainability assessment schemes studied, present a variety of strategies for GHG management. 

However, they have certain processes in common, such as a greenhouse gas quantity assessment, 

although concerning different life cycle stages. Furthermore, none of the assessment schemes 

(besides the standard, PAS 2080) includes GHG management as mandatory to perform, making it an 

unreliable measure to use an SAS as direct procurement requirement. However, sustainability 

assessment schemes could be used as procurement requirements, by for example stating GHG 

criteria as mandatory in a contract.  

Greenhouse gas reduction in California High-Speed Rail is realized through the process of policy goals 

being transferred to procurement, later implemented by the project actors. However, the ambition 

level of the policy is not yet fully reflected in the procurement requirements, making further 

greenhouse gas reduction possible amongst contractors and suppliers.  

The methodology of greenhouse gas reduction in the case study includes similar processes to the 

ones presented by the sustainability assessment schemes. Where the baseline setting would benefit 

from further clarification. There is furthermore, no reduction target set for contractors and suppliers. 

Where the Authority takes the responsibility of greenhouse gas reduction through CO2 off-setting 

measures.     

A variety of driving forces, success factors and challenges regarding greenhouse gas reduction were 

revealed throughout the value chain of the case study. The need of a driving spirit on Authority level 

is apparent. The major challenge seems to be resistance of greenhouse gas reduction as 

procurement requirements, making the transmission from policy to procurement difficult.  

7. Suggestions for future studies 
Studies could be made on other sustainability assessment schemes, and comparing other 

infrastructure projects. The value chain study could also be performed with other sustainability 

topics. A study of the finished CP 4 could provide information of how effective the transmission from 

practical requirements to practical implementation is. Studies of streamlining the process of policy to 

procurement requirements could be valuable. 

Further Impres articles regarding the interview results could provide more depth for the readers. 

Additionally, further interviews could be done with for example board members of the Authority or a 

concrete supplier.   
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Appendices 

Appendix I 

Impres Interview Guideline 
The interviews will be based on six themes. Themes and main questions are listed below: 

Please describe your current position and previous experience 

 

Please describe your role in this project 

 

1. Sustainability procurement requirements for reduction of greenhouse gas (GHG) emissions in 

the project. 

1.1. What kind of procurement requirements for reduction of greenhouse gas emissions are 

used in the project? 

 Which project phases do they apply to? 

 Do the requirements refer to tender evaluation or to the implementation of the 

contract?  

 Are they formulated as mandatory requirements, or connected to incentives/penalties? 

 Are there requirements with a life cycle performance perspective? 

 Do requirements include specifications for how to quantify the baseline, reduction 

measures and goals for emissions reductions? How? 

 How do the requirements relate to what can be regarded as “normal” in this type of 

project? 

 

1.2. What other sustainability requirements (than those pertaining to GHG reduction) are used 

in the project? 

 

2. Basis for/origin of requirements, such as policies, standards or certifications. 

2.1. Please describe your organization’s sustainability policy/approach, especially for GHG 

reduction 

 Which were the main drivers and barriers for the development of a sustainability policy 

and requirements?  

 Can you describe the process of developing the sustainability (GHG) policy and goals? 

 Which are the main actors that have been involved in this process? 

 Have national and international political policies and legal frameworks played a role in 

your policy development? How?  

 Has your general sustainability policy influenced procurement requirements for GHG 

reduction? If yes how? If no why? 

2.2. Please describe the process and organization for developing the requirements for this 

project.  

 Which actors formulated the requirements for this project?  

 Please describe how policy and requirements have evolved over time, both within the 

project and in a broader context, if possible. 
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2.3. In what way have sustainability certification systems, standards or similar been used for the 

definition of policy or requirements setting? 

 Which are the main drivers and barriers for using these types of frameworks /tools? 

 

2.4. How have other project-specific factors (such as type of contract, individual competence 

and champions, organization) influenced the formulation/style of requirements? 

 

3. Organization and processes for implementing and following up requirements  

3.1. Describe the process and organization for implementation and follow up of requirements 

 Please describe the measures for reduction of GHG emissions that have been 

implemented in the project 

 What routines are there for implementation of requirements for different 

phases/actors? 

 How were routines developed? By whom? 

 How free is the project to form its own organization and process? 

 

3.2. Describe your organization’s capability to handle/comply with sustainability requirements, 

especially regarding GHG reduction. 

 Do you have the necessary human resources and competence? 

 Do you have the necessary funds and timespan? 

 Do you consider the required requirements to be realistic? 

  

3.3. How do you evaluate compliance with the requirements? 

 Who monitors and verifies compliance? 

 How do you deal with non-compliance of requirements? 

 How do you solve requirement uncertainties?  

 

4. Mechanisms for learning and improvement 

4.1. Please describe how you develop/improve your work with GHG reducing requirements, 

regarding formulation of requirements and follow up/monitoring? 

 How are experience, progress, good and bad examples shared and used within and 

between projects? 

 Is your organization involved in any research project or similar regarding sustainability 

and/or climate? 

5. Results 

5.1. To what extent have goals been reached? 

 Which of the measures for reduction of GHG emissions have been most successful? 

Have reductions been quantified?  

 Which measures have been less successful? Why? What would you have done 

differently? 

 Are reduction measures implemented as a consequence of requirements? Or would 

they have been realized anyway? Why? 

 

6. Key success factors and barriers 



41 
 

6.1. Which drivers and success factors do you think are the most important in setting and 

implementing goals and procurement requirements for reduction of greenhouse gas 

emissions?  

6.2. What are the most important challenges and barriers? 

For example: type of requirements; in which phase the requirements are formulated; monitoring  
during and after the project; type of contract; use of certification systems, policies, goals; 
competence and support; dialogue with suppliers; other projects; good and bad examples; 
resources; laws and codes; politics; clear directives; empowerment; engaged persons; other… 
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Appendix II 
Envision interview questions 

1. In what way can Envision be used for definition of policy or setting requirements for GHG 
reductions? 

2. Can you give examples of where Envision has been used for setting targets, requirements 
and follow up regarding GHG emissions? 

3. Which are the main drivers and barriers for using Envision and similar frameworks /tools? 
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Appendix III 
Received from the sustainability policy.  

CHSR Authority, 2016 a. POLI-PLAN-03. Sacramento (California): CHSR Authority. 

Reference Commitment  

Assembly Bill 32: Global Warming Solutions 
Act 

Reduce statewide GHG emissions to 1990 levels 
by 2020. Estimated 15 % decrease from 
business as usual scenario.  

Senate  Bill  375:  Sustainable  Communities  
and  Climate  Protection  Act  

Develop regional reduction targets for GHGs. 
creation  of  regional  plans  to  reduce  
emissions  from  vehicle  use  throughout  the  
state. 

Senate Bill 1029, Budget Act of 2012. Provides an analysis of the net impact of the 
high-speed rail program on the  
state’s  GHG  emissions. 

American Public Transportation Association 
(APTA): APTA Sustainability Commitment. 

Make sustainability a part of the organizations 
strategic objectives.  
 
Undertake a sustainability inventory of the 
agency, reporting on some basic indicators, 
including: water usage, criteria air pollutant 
emissions, GHG emissions and savings, energy 
use 

International Union of Railways (UIC). Railway 
Climate Responsibility Pledge.   

CHSR Authority signed it 2015. 
 
Reduce  the  Authority’s  specific  energy  
consumption  and  CO2  emission,  and  through  
this contribute to the UIC “Low Carbon Rail 
Transport Challenge” and its global 2030/2050 
targets, presented in 2014 at the UN Climate 
Summit; report  data  on  the  Authority’s  
specific  energy  consumption  and  CO2  
emissions  to  UIC  on  a regular basis.  

        


