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Program planning in large engineering  
projects: Challenges, methodical approach  
and technological support

The enormous complexity of large scale engineering projects has led to the failure and abandonment  
of many cost-intensive projects or to highly infringed implementations and installations despite the 
tremendous investments that were made. Only 32% of the projects are completed on-time, on-budget 
and on-function. 44% of the projects usually get „challenged“ meaning they were over budget and 
schedule by a factor of two and do not meet about two thirds of the original requirements. Another  
24% of the projects fail and are cancelled prior to completion or are delivered and never used (Standish 
Group International, 2009). When considering the major investments these projects represent in time 
and money, the numbers are overwhelming, reaching $100 Billion yearly in direct costs (Bar-Yam, 
2003). The cause of such failures is the technical complexity of the projects themselves that generally 
involve the integration of various systems, system elements and components; thus involving multiple 
functional groups and departments based in different company plants distributed around the world. 

Large scale engineering projects are often conducted in a strong matrix environment where resources 
are owned by the functional groups and are assigned to one project or even work for various projects 
simultaneously. This organizational complexity brings about enormous challenges of constant harmo-
nization and alignment between project management and functional groups. Generally a first planning 
and harmonization phase takes place at the start of the project when activities and milestones are 
planned based on resource capacity and availability. Resources are assigned and allocated to the 
project based on initial assumptions and the workload forecasted at that point. This already can be a 
troublesome exercise with difficulties arising from the fact that current resource availability does not 
comply with the often challenging contract milestones agreed in the bid phase – a frequent characteri-
zation of large scale engineering projects. Various intra-, inter-project and line dependencies have to be 
taken into account and will have to be reflected in multi-level schedules. Another aspect comes into play 
here: Engineering projects can rarely be conducted without resources possessing highly specialized 
knowledge. This complicates the process of planning as using generic resources in the planning phase 
does not reflect the realistic availability of named resources. Once this harmonization phase is 
completed and schedules are defined, validated and baselined; another significant challenge arises for 
the project planner: The schedule and resource alignment during execution of the project. Resource 
availability changes as the functional groups might allocate some key resources to other projects or 
resource availability and capacity in general varies. This is particularly true for engineering projects as 
they can contain timeframes of several years to decades. But even after several months of fundamental 
planning, estimates and forecast can change. Resources are shifted as another large project obtains 
management priority due to important payment milestones connected to it, or a change in strategic 
direction. Company-wide underuse of some resources and over allocation of others is the costly 
consequence.

Another typical challenge for the project planner originates from the prevailing nature of large scale 
engineering projects which naturally bring about an enormous amount of technological uncertainty and 
complexity. Frequently concurrent engineering activities occur, responding to the rising need of shorter 
development times and thus quicker time-to-market requirements. That means production and manu- 
facturing begin, although design is not yet completed thus generating a tremendous amount of itera-
tions and feedback loops between different functional groups and departments that have to be taken 
into account during the project planning. As a consequence scope responsibilities are frequently unclear 
and not yet understood and defined. This compounds the planning exercise not only at the start but  
also in the course of the project when scope frequently gets added or removed from the work packages 
based on change requests.

Abstract
In the dynamic daily environment of 
complex and distributed engineering 
projects, organizations face multiple 
challenges for delivering and 
managing expected outputs. 
Numerous dependencies between 
entities of internal units and external 
parties characterizing the complex 
project environment have to be 
reflected in multi-level project plans, 
sometimes referred to as integration 
planning. This article outlines how 
sound decisions on all hierarchical 
levels can be enabled and planning 
maturity can be increased. It shows 
how to close the gap between 
program and projects to ensure a 
reliable, accurate and consistent 
information flow within multi-level 
structures. By extracting, aggregating, 
linking and consolidating the various 
project milestones over all planning 
levels and between different projects, 
program and project planners can 
control and steer the program 
successfully. 

Configured enterprise project 
management software furthermore 
enables the planners to solve the 
common resource conflict by applying 
a successful combination of top-down 
and bottom-up planning. Efficient 
milestone linking over different 
planning levels and intra- and inter- 
project resource management there- 
fore is an important prerequisite for 
the successful delivery of large-scale 
engineering projects.
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In order to improve an organization’s performance, large scale engineering projects are often incor-
porated into and managed as a program containing several projects and planning levels. The major 
benefits here are that the program manager has an overview of the status of all interdependent projects 
in a program and can control project-level activities to ensure that the overall program goals are 
reached. Since programs are often very comprehensive and extensive; program management cannot 
survey every detail of the single project plans, only the high level impacts from the bottom up planning. 
Delays of activities and milestones in the lower planning levels affect higher level milestones of the 
same project or even key milestones on program level. The challenge for program management is 
therefore to extract, aggregate, link and consolidate the various project milestones over all planning 
levels and between different projects. 

Taking into account the enormous complexity of the planning environment in large-sized engineering 
projects mentioned above we will assume that a multi-level planning structure is required for the 
following explanations in this article which is also the case in the large majority of cases in practice.  

On the path towards an integrated and fully aligned project planning in complex engineering environments, 
you should ask yourself the following questions right from the start in order to succeed:   

   What are the top-down requirements from the contract and are they reflected completely  
in milestones and traced down to lower levels? 

   How many planning levels are appropriate in order to reflect the program structure in a way  
tasks can be performed and monitored successfully? 

   Which level of granularity and detail is appropriate for each planning level and what are  
the future reporting requirements towards the customer and internally? 

   How are interdependencies between work packages within and across internal and external  
organizational project units represented on different planning levels?

   What should be the regular update cycle and when is consolidated information  
needed on a program level? 

   How should progress be tracked? 

   Do company specific multi-level guidelines exist? 

   What information and fields will be needed in all project plans as either a template  
or best practice approach for organizational data to be reported on? 

   Who will be maintaining the different project plans and what will be their roles and responsibilities? 

   Are plans already available and if not what plans need to be established with priority? 

 
Notwithstanding the many questions and aspects to be taking into account when starting the planning 
exercise the main challenge of the project planner in large scale engineering projects is to master 
project and program complexity. Two main aspects mentioned already above come to the front here: 
First the time and milestone component, and secondly the resource aspect. Concerning the first aspect, 
the planner has to be able to define timeframes and deadlines for major deliveries originating already 
from the contract. If still in the bidding phase the planner has to get the bottom-up feedback from the 
functional groups as to when major deliverables can be produced and how feasible and likely it will be 
to achieve them. Several iterations will be necessary in order to reach a reliable forecast. Once the 
planning is set up and plans are baselined the question arises how information between projects can  
be exchanged and especially how to deal with delays caused by one of the numerous work packages.  
The following figure shows a simplified model of a possible cross-project information flow in engineering 
projects depicting three planning levels. 
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Figure 1:  
Multi-level planning structure with 3 planning levels and milestone linking

In that simplified model, three planning levels L1, L2 and L3 are used to structure the program.  
The major milestone to be reached is defined in project plan 1 on L1. From here the planned deadlines 
are transferred to several output milestones on lower levels (visualized by plain arrows) which generate 
the deliverables needed by project plans 6 – 8 (visualized by dotted arrows). The finish dates from 
project plan 3 and 4 are being consolidated in project plan 2 (L2) before the latest finish date from 
project plan 2 and 5 gets reported to the major milestone (visualized by dashed arrows). If the latest 
finish date equals the planned target date, then, the input milestones waiting for the delivery from 
project milestones 2 – 5 can start as scheduled. However, what happens if one or several of the output 
milestones fall short or even worse, delay the target date? Standard project management software 
automatically passes on the newly calculated date to project plans 6 – 8 whose early start date gets 
modified automatically. This automated mechanism can be problematic as the process may spiral out  
of control when milestones linked together suddenly change dates without having management authori-
zation. Program management control over the process may then be jeopardized or even get lost. That 
problem can now be resolved as in recent years special program planning software has been developed 
which precisely addresses this problem by enabling the planner to set soft links. The obvious benefit for 
the program planner owning project plan 1 is evident: Once he is informed about a possible delay of the 
deliverables from project plan 2 he may call a meeting to discuss potential mitigation actions together 
with the owners of plans 2 – 4 before reporting any delay to the owners of project plans 6 – 8. Once the 
assessment has been done with the owners of plans 2 – 4 potential effects might be discussed with the 
owners of plans 6 – 8 on their plans. 
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The benefit of this line of communications between plans begins to become clear. Communication 
between stakeholders across projects improves tremendously as milestone information and potential 
time shifts are discussed between various projects within the organization, and the upstream and 
downstream impacts are understood. Isolated and sub-optimal decisions on project level are eventually 
being replaced by the best possible decisions on a program level. Another great benefit of multi-level 
scheduling programs is that delegation features enable distributed responsibilities and detailing on 
lower levels. This is particularly true for the planning phase as milestones and summary tasks can be 
created on the higher planning levels (L1 and L2) and become automatically visible for the planners on 
L3. Based on the top-down delegated information the project planners can set up their planning with 
detailed activities and forecasted finish dates. This bottom-up planning will then be aggregated automa-
tically over multiple levels to the top. The advantage is now obvious: Top level information can be seen 
immediately in lower levels and actions to meet potentially altered target dates may be undertaken early 
enough to meet the constraints. On the other hand results from the bottom-up planning become visible 
to the program planner instantly and he can keep control of the entire program at a glance, while having 
the ability to drill down to the detail levels of the work packages. The latter may furthermore be 
supported by automated reports indicating which program milestones are in danger due to delays on 
lower levels thus increasing certainty for management decisions and having these reports tied to notifi-
cation and alert systems. Program reporting furthermore may enable the program planner to quickly 
recognize constraints and interdependencies between projects and to identify projects that are in 
jeopardy more easily. 

Once all relevant milestones are linked within the multi-level project structures, a concept for resolving 
the common resource matrix conflict between project management and functional groups as mentioned 
above has to be found in order to base the planning on reliable and realistic data. The following diagram 
depicts the methodological approach to be undertaken by the planners and the requirements to be met 
by a successful program planning system to support the process:

Figure 2:  
Capacity and resource management in multi-level planning structures
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Similar to the planning of milestones a top-down approach may be used also for capacity and resource 
demand planning. The planning of “what and when” is done in the program schedule (PS) and in a 
functional master schedule (FMS). Activities and durations are planned first together with major miles-
tones using generic resources in the program schedule. These generic resources will eventually be 
further specified by the functional group heads in the functional master schedule by assessing more 
profoundly the particular knowledge and skills needed to carry out the originally scheduled work. After 
defining the necessary resources, the generic resource demand has to be transported down to the 
department heads taking responsibility for the next planning level. The allocation of “who and how 
much” takes place on this planning level. Based on the generic resource demand, the department heads 
identify named resources available and replace the detailed generic resources with these named 
resources. The following diagram illustrates precisely how the synchronization between the functional 
master schedule and the department schedule (DS) takes place: 

In this example, altogether 150 hours of work have been estimated for Task 1 by the functional group 
head on planning level L2 using the generic resource “brake”. Based on this estimation the department 
head on planning level L3 first of all verifies the coherence of this initial estimation using his technical 
specialist knowledge. Once he confirms the overall level of effort for this work package he details the 
work package further by generating different tasks to be worked on. He then starts to assign individual 
resource names to the tasks and adds the amount of hours his resources are available. This information 
will then appear as “confirmed work”. The remaining hours appear as “unconfirmed work” in the 
functional master schedule. The planner on L2 can then see if all work has been confirmed for the 
respective work packages responsible for executing the work and coordinate with them the remaining 
unconfirmed work. Also while monitoring and controlling the ongoing project the project planner can 
constantly track on a daily basis if any modifications have occurred or if confirmed and unconfirmed 
work has changed. Automatic traffic lights indicate work over allocation or underutilization of resources. 

Figure 3:  
Resource information exchange in multi-level planning structures
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The benefits for project management are evident: Disposing of realistic and almost real-time data, it can 
detect resource bottlenecks for the planned work and initiate countermeasures in order to meet the 
project deadlines. Furthermore, project management can expect enhanced collaboration by the 
functional groups as department heads have been actively involved in the process and now have the 
information needed to approve the detailed planning. Finally, the functional groups are happy as 
planning security for their resources increases significantly. 

The same planning principle can also be applied to budgeting. As top-down budget are given to lower 
levels, bottom-up planning decisions will be made based on the activities and resources identified and  
a consolidation takes place on the intermediate level. For large scale engineering projects, this metho-
dology will be of additional value during the fiscal estimation process. As earlier mentioned at the 
beginning of this article, project scope in engineering projects often fluctuates, or is to some extent 
unclear due to the complexity and sometimes missing technical knowledge. Following this methodology, 
supported by a powerful program planning software solution, even constantly changing scope require-
ments can be integrated comparatively easy into the planning. Furthermore, resource demand in 
engineering projects fluctuate disproportionately compared to smaller and less complex projects.  
This is especially true during the ramp-up phase of these projects when an enormous amount of staff 
and specialized resources are needed. The demand usually decreases when entering into serial (final) 
production when governance processes are in place, and to a large extent are already standardized and 
automatized. 

In conclusion, to master the various challenges of large scale engineering projects in a matrix organi-
zation, the project planner supplements a powerful methodology and specialized software solution,  
by applying a combination of top-down and bottom-up planning. Multi-level schedules established 
through top-down inputs and bottom-up refinements, complemented by accurate resource assignments 
through a joint approach between program management and executing functional groups can essen-
tially enhance and increase possibility of engineering projects to be successful.
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