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Abstract – 

Payment issues are necessary in the construction 

industry, often manifested by high levels of arrears 

and long-term payment delays. An automated 

payment could be a solution to speed-up the payment 

process after successful completions. In this paper, a 

framework is proposed for the automated payment 

via Building Information Modeling (BIM), Linked 

Data, Smart Contract and Blockchain technologies. 

Geometrical and payment-related data are stored as 

BIM-based linked data. Linked Data technology 

connects a BIM model with its related Bill of 

Quantities (BoQ) and Quantity Take-Off (QTO). 

Based on the transparency, traceability and 

collaboration of the Blockchain technology, an 

automated payment can be secured. To integrate such 

an information container with Blockchain for the 

automated payment, an additional information model 

called Billing Model (BM) is proposed. Thereby, each 

Billing Unit (BU) stores one or more construction 

work tasks with a related payment and a related due 

date. Together with the corresponding Smart 

Contract rules, the BM can automate payment via a 

Blockchain. Several aspects of improvement and 

further development are discussed in the end. 
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1 Introduction 

Low margins and relatively low productivity have 

been the issues of the construction industry for decades 

[1]. The main reason for this lies in the low degree of 

digitization within the construction sector despite the 

increasing scale and complexity of construction projects. 

Relying mainly on drawings or paper-based 

documentation does no longer satisfy the increasing 

needs of construction projects. In addition, unsatisfactory 

software interoperability in the Architecture, 

Engineering and Construction (AEC) industry makes 

coordination between clients and contractors 

unnecessarily difficult. As a result, no single source can 

provide an integrated, real-time view of project design, 

costs or schedules. To make things worse, Caldas et al. 

[2] state that a large amount of construction documents,

which necessarily contain graphical and non-graphical

information that must be communicated between project

team members, are needed to describe the characteristics,

specifications and execution plans of building products,

such as drawings, specifications, schedules and cost

estimates.

These problems of contract management in 

construction can be reduced by applying newly available 

digital technologies and working methods. Building 

Information Modeling (BIM) has become a widely 

accepted solution for making the whole lifecycle of a 

construction project digital. By integrating “cost” into a 

BIM model, budget and cash flow planning and cost 

controlling can be enabled. After the implementation of 

smart contract applications by Ethereum [3], non-

currency data can be stored in the Blockchain. Based on 

the transparency, traceability and collaboration of the 

Blockchain technology, it could be a good solution to 

enable digitalization of the contract management and the 

automation of the payment process.  

However, because of the traceability of Blockchains, 

the data stored in a Blockchain will be repeatedly copied 

and stored in different blocks, even when modifications 

are only slight. As a result, the data storage of 

Blockchains is extremely expensive [4]. Moreover, 

because of the consensus mechanism and verification of 

Blockchains, the transaction speed is relatively slow 

compared to central network systems. It is time-

consuming and arduous to store all the data of a 

construction project entirely in the Blockchain and 

therefore not worth the effort. 

According to the points mentioned above and the 

available technologies, this paper presents a concept for 

the generation and application of an information 
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container (BIM Contract Container or BCC for short), 

which is to be used as a basis for automatic payment 

transactions in the construction industry. For this purpose, 

a billing model is introduced, which is the basis for the 

creation of a smart contract. 

2 Related Work 

2.1 Digital Models in Construction 

By integrating “cost” into the BIM model, a cost 

budget and the corresponding financial representations 

can be instantly generated. The purpose of using BIM for 

cost is to provide accurate and reliable cost estimation 

based on the digital 3D model, and eliminate errors 

caused by manual measurements or estimations [5]. To 

exchange digital building models for building 

constructions, the Industry Foundation Classes (IFC) 

were developed and standardized internationally by 

buildingSMART [6]. With the help of the IFC, geometric 

and semantic building information can be exchanged 

independently of the manufacturer. The Bill of Quantities 

(BoQ) are created for the tendering and awarding of 

construction works [7]. An international standard for the 

description of BoQ information does not yet exist. 

Nevertheless, there is a standardized format for data 

exchange, which was created in Germany by the Joint 

Committee Electronics in Construction (GAEB) with the 

GAEB XML standard [8]. The GAEB XML format has 

been proposed to serve the agreement of a German 

uniform exchange standard for service specification and 

thus to support all requirements for electronic processes 

concerning public notice, contracting and accounting in 

the execution of construction works [8]. The building 

model can be used to determine quantities that are 

assigned to the individual BoQ elements. The calculation 

of the individual quantities based on the components of 

the BIM model is called Quantity Take-Off (QTO). 

In recent years, some formats have been developed in 

order to use and exchange information from various data 

sources (often files). For this purpose, the individual data 

sources are described and linked using metadata. The 

links are saved explicitly. Data sources, metadata and 

links are generally referred to as information containers. 

In the simplest case, an information container comprises 

only one data source without links. If the data sources are 

in the form of files, the data exchange of an information 

container is realized as an archive file (e.g. as a zip file). 

The BIM-LV container according to DIN SPEC 91350, 

for example, enables standardized data exchange 

between digital building models and digital service 

specifications [9]. DIN EN ISO 21597-1 defines a similar 

approach to building and exchanging linked information 

using linked data concepts [10]. An information 

container according to DIN EN ISO 21597-1 is described 

using the Resource Description Framework (RDF) [11]. 

ISO 21597-1 was developed for the standardized data 

exchange of linked data sources using a generic 

information container format as shown in Figure 1. A 

container includes a header file “index.rdf” in the top-

level folder. A container shall have at least three folders. 

The “Ontology resources” folder may be used to store 

ontologies providing the object classes and properties 

that shall be used to specify the contents of and links 

between the documents within the container. The 

“Payload documents” folder and “Payload triples” folder 

may contain nested folders to allow groups of associated 

digital resources to be held together and referenced as a 

group (e.g. a building information model with its 

associated reference files or a set of linked spreadsheet 

documents). A container according to ISO 21597-1 can 

also be used to exchange data and forms the information 

basis for the approach presented here. Building models, 

BoQs and QTOs are linked with the help of a container 

and used in the creation of a billing model. 

 

Figure 1. The structure of an information 

container according to DIN EN ISO 21597-1 

2.2 Blockchain and Smart Contract 

Blockchain is a distributed ledger technology, where 

“distributed” is managed by a decentralized peer-to-peer 

(P2P) network [12] and “ledger” is realized as an 
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electronic database comprising a chain of blocks [13]. In 

this network, the transactions are verified, validated and 

combined into blocks. The blocks are then chained 

together. Thus, the procedure is based on a chained block 

structure that grows linearly. The data in the Blockchain 

is immutable and cannot be manipulated or deleted. 

Blockchain has the following key characteristics: 

decentralisation, persistency, anonymity and auditability 

[14]. 

The Blockchain concept was developed from the 

Bitcoin technology first proposed by the pseudonymous 

Satoshi Nakamoto in 2008 [15]. However, the Bitcoin 

(i.e. the origin of Blockchain) was a non-programmable 

system suitable only for cash transactions. The situation 

starts to change after smart contracts come into the stage 

of Blockchain. The smart contract, first proposed by 

Szabo in 1996 [16], is a digital agreement which self-

executes itself. Since Buterin et al. [17] have embedded 

smart contracts in their Ethereum Blockchain system in 

2014, Blockchain has become a platform with 

programmable applications. This way, more possibilities 

and more applications in more fields than just finance 

have come to the Blockchain stage. However, due to the 

limited Blockchain storage and relatively slow 

transaction speed, it is does not make sense to store all 

the project-related data in the Blockchain as mentioned 

above. Many researchers suggest the notion of off-chain 

data storage, which is a conventional or a distributed 

database to store the data outside of the Blockchain. For 

example, Xu et al. [18] propose an architecture using 

Blockchain for connecting application layer within off-

chain data and off-chain control.  

In the construction industry, a great deal of research 

has been done on using Blockchains due to their 

enormous potential. For example, Li et al. [19] reviewed 

73 papers from 2014 to 2018 on the applications of 

Blockchains in the construction industry. The reviewed 

applications lie in smart energy, smart cities and the 

sharing economy, smart government, smart homes, 

intelligent transport, building information modelling 

(BIM) and construction management, as well as business 

models and organizational structures. In 2020, Kasten 

[20] pointed out that research related to Blockchain 

applications in engineering or manufacturing has been 

growing fast after 2016, especially in data validity (e.g. 

BIM). In particular, Shojaei [21] states that smart 

contracts can provide a new type of work breakdown 

structure, which can automate the process of compliance 

and payment. Moreover, Li et al. [22] emphasize that 

smart contracts are one of the key complementary 

concepts to BIM, which can represent the construction 

project requirements in a computable way and automate 

contract clauses.  However, Eschenbruch et al. [23] point 

out that using smart contracts in construction contract and 

payment automation still faces many legal issues. 

3 Methodology 

This paper proposes a framework for automated 

contract, invoice and billing management, as shown in 

Figure 2. The framework focuses on automating the 

payment between clients and contractors. The payment-

related transactions are no longer defined in a paper-

based construction contract, but rather mapped in a smart 

contract. Each payment-related transaction can be 

considered as a billing unit, and billing units must be 

defined in a digital way so that an automated payment 

can take place. For this purpose, billing units contain 

information about the construction work items and 

building elements and are based on the information from 

the BIM model, the BoQ and the QTO. All billing units 

together compose a billing plan, which together with the 

BIM model, the BoQ and the QTO is referred to as a 

billing model. 

A billing model is generated accordingly, and serves 

as a data basis for smart contracts. The billing model, in 

collaboration with the smart contract, enables the 

automation of the delivery and acceptance process. If the 

client checked and confirmed a construction task 

reported by the contractor, the payment will be 

automatically transferred from the client bank to the 

contractor bank. A Common Data Environment (CDE), 

as an off-chain storage, handles all the payment-related 

files. For this purpose, a BIM Contract Container (BCC) 

is used, which contains all payment-relevant data (i.e. the 

BIM model, the BoQ with QTO and the billing model). 

For a secure and resource-efficient storage of the 

information in a Blockchain, only the URLs and hash 

values of the files stored in the CDE are used. The 

following three subsections detail how to filter payment-

related transactions from a construction contract to a 

smart contract, how to generate a billing model, and how 

to automate the payment.  

 

Figure 2. The overview of the proposed 

framework 
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3.1 Construction Contract to Smart Contract 

Due to the complexity and the legality of a 

construction contract, a smart contract will not be able to 

replace a construction contract completely. The starting 

point is to filter out the payment-related transactions from 

the conventional construction contract. On the one hand, 

this is about the services and billing units to be provided 

and, on the other hand, the remuneration assigned to them. 

The payment-related data can be obtained via the BoQ 

and QTO. Based on a BIM model and a BoQ with QTO, 

a corresponding billing model is created, which is then 

automatically processed via smart contracts. Hash values 

of the smart contract, the BIM model and the BoQ with 

QTO are included in the paper contract to identify the 

billing basis of the contract.  

Once confirmed, any contractually relevant data 

cannot be changed unnoticed. All subsequent 

modifications or extensions must be agreed between the 

contracting parties, and be stored as an update of all the 

former versions. The relationships from a construction 

contract to a smart contract can be viewed in Figure 3. 

With the help of completion notifications of the 

contractor and confirmations of the client, payment 

instructions are automatically sent to the involved banks 

and payments are performed out immediately. Such 

processing modalities or processes are expressed in the 

smart contract with if-then relationships.   

  

 

Figure 3. Integration of a smart contract into a 

construction contract  

3.2 Billing Model 

In order to automate payment transactions, a billing 

model has been developed based on the BIM model. 

Depending on the type of contract used and the 

underlying service description, the billing model can 

have different contents. In this context, a billing model is 

equivalent to a digital payment plan. The basis for the 

preparation of the payment plan is a service specification 

(i.e. a BoQ with QTO), which is linked to the BIM model. 

A service specification contains hierarchically structured 

elements, whereby the smallest element is a quantity split. 

The payment plan consists of billing units that can be 

clearly identified by a generated unique ID. Each billing 

unit contains one or more construction work items from 

the underlying service description with a total amount to 

be paid and a completion date. If the billing unit is 

completed and accepted on schedule, the contractor will 

get the agreed payment of the billing unit.  

The used XML Schema Definition (XSD) of a billing 

model is visualized in Figure 4. A billing model consists 

of general billing model information (BMInfo) and 

several billing unit(s). Each billing unit contains one or 

more items, and the items may contain sub-items. Each 

item could be a single element or a group of service 

specification elements. In addition to the items, each 

billing unit stores short and long descriptions, the total 

quantities, the unit and the total price. The 

CompletionDate of a billing unit indicates the latest 

completion date of all the construction work tasks in this 

billing unit.  

 

Figure 4. Visualization of the XML Schema 

Definition (XSD) of a billing model 

To generate a Billing Model, a software tool as shown 

in Figure 5 has been implemented. A BIM model can be 

imported in the form of a BIM-LV container (Figure 5a), 

which contains IFC files (i.e. BIM models), GAEB files 

for service specification (i.e. BoQs with QTOs) and the 

LinkSet files to build up the links between IFC files and 

GAEB files. In this way, by selecting an element of the 

BIM model (Figure 5b), the corresponding linked BoQ 

item (Figure 5c) will also be selected. Multiple BoQ 

items in the GAEB Parser can be selected and formed as 

the items of a billing unit in the billing model (Figure 5d). 

The overall quantities, unit and total price of a billing unit 

are automatically generated based on the information of 

selected items. To successfully generate a billing unit, the 
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client needs to fill in the short description and the 

completion date of the billing unit. The long description 

of a billing unit is formed by the IDs of the selected items 

by default, which can be modified by the client. If an item 

is selected, all its sub-items will be selected and become 

the sub-items of the selected item in the billing unit 

(Figure 5d). When an item is linked with an IFC element, 

its long description in the billing model will display the 

GlobalID of the linked IFC element. For data exchange, 

an XML-based data format of billing models has been 

developed. Such an XML-format billing model can be 

directly exported to a BIM Contract Container (BCC) 

using the framework presented in Hagedorn [25]), or 

stored as an XML file. A generated billing unit in XML 

format is shown in Figure 6. 

 

Figure 6. A billing unit generated via the software 

tool shown in Figure 5. 

Figure 5. Implemented prototype for generating a billing model and a BIM Contact Container (BCC): 

(a) “Import a BIM-LV-Container file” button, (b) the IFC Viewer component, (c) the GAEB Parser 

component, (d) the Billing Model component and (e) the BIM Contract Container (BCC) component. 
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3.3 BIM Contract Container (BCC) 

An information container (called the BIM Contract 

Container, or BCC for short), which contains the list of 

services (i.e. the BoQ with QTO), the digital building 

model (i.e. the BIM model) and the agreed billing model, 

can be generated via the software tool (Figure 5e). The 

loaded IFC file and GAEB file are automatically added 

to the container. The agreed billing model can be 

exported to this container afterward (as introduced in 

section 3.2). In this way, a BCC is generated accordingly.    

The BCC’s folder structure is shown in Figure 7. The 

content of such a BCC is stored in a ZIP64 encoded folder 

with the extension .icdd. The RDF index file includes the 

overall description. It contains all necessary documents 

and link sets of the container. The building model 

(“BuildingModel.ifc”) is considered as an internal 

document and therefore its referenced file is stored inside 

the “Payload documents” subfolder. Its assigned format 

is IFC2x3. The BoQ and QTO (“BoQ_gaebxml.x86”) 

and the billing model (“BillingModel.xml”) are also 

stored in the “Payload documents” subfolder. Apart from 

these documents, the container description also refers to 

linksets, which includes the linking for the BoQ and 

billing model. The contents are therefore defined in two 

separated files named “BoQLinks.rdf” and 

“BillingUnitLinks.rdf”, and stored inside the “Payload 

triples” subfolder. 

 

Figure 7. The folder structure of the BCC  

3.4 Billing Process 

Subsequently, based on the individual construction 

works and calculated quantities, a schedule and time 

planning can be made, taking into account the design and 

the building site. For this purpose, individual activities 

are defined, connected and saved as a network plan. The 

durations can be determined, for example, considering 

the selected construction methods and calculated 

quantities. The components of the BIM model are then 

linked to the individual activities using the calculated 

quantities. 

A billing process with corresponding rules is created 

for each billing unit and stored in the smart contract. Such 

a billing process can be instantiated for each billing unit 

in the smart contract and linked to the digital billing unit 

of the billing model stored in the BCC. A simple and 

defect-free process for a billing unit is shown in Figure 8. 

The actions (start of construction works, report of the 

completion, checking and acceptance, execution of the 

payment and confirmation of the payment) are viewed as 

a sequential process. 

 

Figure 8. A defect-free process of a billing unit via 

BCC and smart contract logic 

After the client finishes the “Checking and 

Acceptance” process, the possible smart contract logic as 

shown in Figure 9 can be executed. The values of 

CompletionDate, isPartialPaymentAllowed, 

RejectionThreshold and Penalty are predefined in the 

smart contract based on the construction contract and the 

billing unit, while the values of FinishedDate and 

AcceptanceRate are obtained via the actual acceptance 

process. When the contractor reports completion, its 

FinishedDate will be recorded. This FinishedDate can be 
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compared with the CompletionDate set in the billing unit. 

The acceptance results of the client can be represented as 

AcceptanceRate. Only if the contractor completed the 

works as scheduled (i.e. the FinishedDate not later than 

the CompletionDate) and the client fully accepted the 

works (i.e. the AcceptanceRate is 100%) will the 

contractor get fully paid. If the contractor did not finish 

the work as scheduled, he/she will either get the payment 

with a penalty deducted or be refused to be paid 

altogether. If it is allowed to have partial payments and 

the value of AcceptanceRate is more than the 

RejectionThreshold, the contractor can get a partial 

payment. In other cases, the client refuses to pay. 

 

Figure 9. A smart contract logic for the “Execute 

Payment” step 

4 Conclusion and Outlook 

Digitization is widely considered as the solution for 

the optimization and automation of processes in the 

construction industry. However, the current practice of a 

construction project still relies on paper contracts and 

conventional communications, which are time-

consuming and non-transparent. This paper presents a 

framework for simplification and automation of 

payments during the construction process by combining 

the BIM contract container (BCC) with smart contracts. 

All the project-required data (i.e. the BIM model, the 

BoQ with QTO, and the billing model) are stored and 

linked in the BCC. The BCC is stored in an off-chain 

storage (i.e. CDE), while the sensitive and important 

information (e.g. the hash values of the documents stored 

in the CDE, results of acceptance procedure and 

payments) is safely stored and recorded in the Blockchain. 

Integration of the billing model and smart contract 

automates the payments between the client and the 

contractor during acceptance procedures.  

This study has several limitations. First, the 

subcontractors are not taken into account in this study. 

Moreover, to define the smart contract rules, there are a 

lot of logic and legal issues to be settled, which are not 

handled in this study. Finally, the payment procedure 

during a construction process is more complex and has 

more factors to be considered in the future. 
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