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Abstract

This paper presents development of the earned value concept regarding forecasting project
duration time. On the basis of the calculations carried out for an implemented investment
project, consisting of development of the sanitary sewage and municipal water supply system,
individual methods and their assumptions were presented and discussed.

Keywords: EV, duration forecasting, ES, PV, ED

Streszczenie

W artykule przedstawione zostalo rozwinigcie wartosci wypracowanej w aspekcie prognozo-
wania terminu koncowego realizacji. Na podstawie obliczen przeprowadzonych dla zrealizo-
wanej inwestycji obejmujacej swoim zakresem rozbudow¢ kanalizacji sanitarnej i wodociagu
wiejskiego przedstawione i omowione zostaly poszczegdlne metody i ich zatozenia.
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1. Introduction

Earned Value (EV) or, more broadly, Earned Value Management is a technique used
to monitor project implementation progress. This method combines the possibility of
verification of the schedule scope and the cost of tasks in the project. The methodology was
introduced in the 1960’s by the United States Department of Defense. The aim was to obtain
the full scope of knowledge on all projects financed by the state budget and effectiveness
of the funds spent on these [3]. The method was based on planned value (PV), actual cost
(AC) and earned value (EV) which allows for determining the rate of project advancement,
detecting any delays or the possibility of exceeding the budget, while specifying the causes.
On the basis of the data above, it is possible to determine cost variance (CV), schedule
variance (SV), schedule performance index (SPI) and the Cost Performance Index (CPI). In
1998, official ANSI/EIA-748 standards and guidelines were published [1] for the purpose
of popularizing the method both in public and private procurement procedures. Since then,
many publications dedicated to this methodology have become available. The aspects, in
which the methodology is subject to development, have been divided by the author of this
article into several groups:

* Method of determination of the quantity of works performed and the accuracy of data
influence on the correctness of calculations made. In literature, there are many approaches
to this issue which have been described, proposing that values are expressed as percen-
tages, e.g. in the proportion of 50/50, 0/100 analyzed by [6], 10/90, 20/80, 25/75, and
the recently proposed method for determining the quantity of works performed using the
fuzzy-logic method [8];

» Tools and applications. The calculation-supporting tools that have been proposed include:
MS Project, Primavera 6, Developed Software [13] and Pro track [20];

» Final cost forecasting. This issue has been discussed in many publications, including [5],
[6], [12, 19];

 Final schedule forecasting. Many calculation methods are proposed and developed in the
literature, including the following publications: [2, 4, 8, 10, 11, 15].

This article focuses on the last issue. Research conducted so far [2, 4, 8§, 10, 11, 15]
indicates that on the basis of current project inspections and emerging trends, it is possible to
forecast the project completion date with a high level of accuracy.

After a review of the studies quoted above, calculations were conducted for a completed
facility constructed in Lesser Poland (malopolskie).

2. Calculation example

Calculations were conducted using an investment project, completed in the period
between December 2011 and January 2013 as an example. The investment scope included
the construction of a domestic sewage system with a high pressure pumping station, a power
generator building with a water supply line to the pumping station and a power supply, an
access road to the pumping station, as well as relocation of an existing water supply pipeline,
ditch bridging and finally, laying a rainwater sewage line culvert in the ditch. The agreement
between the contractor and the investor was signed on the basis of a quantity survey. The
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planned investment value was about PLN 2 420 000, and the planned duration time was 14
months.

During implementation, financial settlements were carried out and measurement cards
were prepared on a monthly basis, which specified in detail, the quantity and progress of all
types of works. Calculations using EV was conducted on the basis of data received from the
contractor, upon completion of the investment project. The results of EV calculations are
presented in table 1.

Assumptions made for calculation purposes:

* PV. The planned progress of works, while planned costs were determined on the basis of
the schedule of works and expenditures, agreed upon with the Investor;

* EV. The actual progress of works was determined on the basis of measurement cards for
individual cost estimate items;

* AC. The real costs incurred in the settlement periods, taking into account the direct con-
struction costs established on the basis of the invoices and settlement protocols, and indi-
rect costs.
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Fig. 1. SPI and CPI value (source: own work)
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Fig. 2. BCWS, BCWP, ACWP chart (source: own work)
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The values of selected indices applied in the EVM method are interpreted as follows:

* CPI, SPI > 1 performance below the cost planned, faster than planned; < 1 above the
budget planned, slower than planned; = 1 accordingly with the cost and schedule planned.

» Since the calculation results, obtained so far, serve as a basis for further analysis, the au-
thor has summarized these in three short points:

* SPI, CPI. Early months of performance — work was conducted at a much faster pace,
while higher costs were incurred. Months 8—10 — a delays were recorded, but the SPI va-
lue remained high at > 0,9. During the following months — until the end, the facility was
completed at a faster pace than planned and at a lower costs (Fig. 1).

* The time planned for completion of the project took longer than needed. This resulted in
performance of works in steps. Sometimes, the Contractor accelerated the works to com-
plete a given stage, or delayed the commencement of another stage of works.

» The facility was constructed by the contractual deadline below the budget planned. The
scope turned out to be 2% lower than planned (about PLN 46 000). The total profit from
the project amounted to PLN 200 000, which constitutes to more than 9% of the value of
all works performed (Fig. 2).

3. Final schedule forecasting

All EV parameters have been expressed in monetary units, including schedule variance
(SV) and schedule performance index (SPI). In addition, the calculations and analyses
quoted in literature suggest that the values of both indices for the final period of project
implementation assume erroneous values [4, 10]. These difficulties have led to emergence
and development of the following methods used to forecast the final schedule: the planned
value method [2], the earned duration method [8] and the earned schedule method [10]. Each
of these methods can be used under the following circumstances:

» The final project schedule will be as planned, regardless of progress of the project in the
past;

* The planned schedule for completion of the remaining works is unattainable due to a chan-
ge in the conditions — a new schedule should be established for these;

* The date of completion of the remaining works is much delayed; due to technical pro-
blems, successful completion of the project becomes highly questionable;

* The remaining works will be completed as planned; progress of works in the past will be
of no impact upon these;

* Progress of works in the past will impact on future works, which will be adapted to the
current conditions;

* Progress of works in the past (both the cost and the time) will exert an impact upon the
remaining works (CR = SCI = SPIxCPI).

The author decided to conduct calculations for the last three variants in accordance with the
suggestions provided in the study [15], and applied the standardized nomenclature, proposed
by the authors of the study. Formulas for individual variants in individual approaches have
been presented in Table 2.
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Table 2

A breakdown of calculation formulas for determination of the final schedule EAC(t)
(source: own work)

Estimate at Completion EAC(t)

Index | Calculation formula Approach
Anbari, The planned value method, 2003
EAC(t)PV1 |EAC(t)PVI=SAC-TV Duration of remaining work as planned
_ Duration of remaining work follows the
EAC(t)PV2 |EAC(t)PV2 =PD/SPI current SPI trend
B Duration of remaining work follows the
EAC(t)PV3 |EAC(t)PV3=PD/SCI current SCI trend
TV =SV/PVRate = (SV¥PD) / BAC = (EV—
PV)* PD/BAC
PVRate = BAC/PD
CR/SCI CSI = CPI*SPI
Jackob and Kane, The earned duration method, 2003
AD<PD EAC(t)ED = AD + (PD-ED)/PF
AD>PD EAC(t)ED = AD + (AD-ED)/PF
EAC(t)ED1 =AD + (PD-ED)/1=PD + Duration of remaining work as planned;
EACMEDL |\ px(1-spr) PF=1
- - Duration of remaining work follows the
EAC(t) ED2 | EAC(t)ED2 = AD + (PD-ED)/SPI=PD/SPI current SPI trend: PF — SPI
EAC(t) ED3 EAC(t)ED3 = AD + (PD-ED)/SCI = PD/ Duration of remaining work follows the
SCI + AD*(1-1/CPI) current SCI trend; PF = SCI
ED = AD*SPI
Lipke, The earned schedule method, 2004
EAC(t)ES = AD + (PD-ES)/PF
EAC(t)ES1 =AD + (PD-ES)/1 =AD + Duration of remaining work as planned;
EAC(t) ES1 (PD-ES) PF=1
_ Duration of remaining work follows the
EAC(t) ES2 | EAC(t)ES2 = AD + (PD-ES)/SPI (t) current SPI trend; PF = SPI(t)
_ i * _ - .
EAC(t) ES3 EAC(t)ES3 = AD+(PD-ES)/(CPI*SPI(t)) Duration of remaining work follows the

AD + (PD-ES)/SCI(t)

current SCI trend; PF = SCI(t)

ES =N + (EV-PVn)/(PVn + 1 — PVn)

SPI(t) = ES/AT

SCI(t) = CPI*SPI(t)
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Table 3

Breakdown of EAC (t) value on the basis of the proposed calculation methods
(source: own work)

PD 1 2 3 4 5 6 7 8 9 10 11 12 13 14

PV1 | 14,0 | 13,4 | 13,8 | 13,1 | 13,3 | 13,4 | 13,9 | 144 | 149 | 143 | 13,7 | 13,1 | 13,3 | 143

PV2 | 140 | 94 | 12,8 | 10,6 | 11,9 | 12,7 | 13,7 | 14,6 | 152 | 143 | 13,7 | 13,1 | 13,3 | 143

PV3 | 16,7 | 10,9 | 14,5 | 11,9 | 13,0 | 14,6 | 14,9 | 14,5 | 14,7 | 12,7 | 12,2 | 11,5 | 12,2 | 13,1

EDI | 140 | 13,0 | 13,7 | 12,7 | 13,1 | 134 | 139 | 143 | 147 | 142 | 13,7 | 132 | 13,3 | 14,3

ED2 | 14,0 | 94 | 12,8 | 10,6 | 11,9 | 12,7 | 13,7 | 14,6 | 152 | 143 | 13,7 | 13,1 | 13,3 | 14,3

ED3 | 16,5 | 10,6 | 14,1 | 11,4 | 12,6 | 13,7 | 143 | 14,5 | 15,0 | 13,8 | 13,4 | 13,0 | 13,2 | 14,3

ES1 | 14,0 | 13,5 | 13,6 | 13,3 | 13,4 | 13,7 | 139 | 142 | 14,8 | 149 | 13,1 | 11,9 | 14,2 | 15,2

ES2 | 14,0 | 11,3 | 12,3 | 12,0 | 12,6 | 13,3 | 13,8 | 14,4 | 153 | 15,5 | 12,9 | 11,9 | 14,2 | 153

ES3 | 16,5 | 11,0 | 14,0 | 11,9 | 12,9 | 14,0 | 143 | 14,4 | 15,0 | 14,5 | 12,8 | 11,9 | 14,0 | 15,1
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Fig. 3. Chart of results for EAC (t) developed on the basis of Table 3 (source: own work)

The calculation results [see Table 3] indicate a relatively significant discrepancy in the

value of EAC(t) obtained on the basis of individual formulas:

» The most significant discrepancy can be observed after 1/3 of the Project duration; fore-
cast time ranges from 9 to 17 months.

» After 2/3 of the project duration, results stabilized at a level similar to the project duration
time (actual and planned).

* EAC(t) ED2 and EAC(t) PV2 results assume the same values.

* The least reliable results were observed for formulas EAC(t) ES2 and EAC(t) ES3.

* Results closest to actual values were observed in the case of EAC(t) PV1, EAC(t) EDI
and EAC(t) ES1.



306

* Fluctuations of the EAC(t) curves can be observed in those locations, in which substantial
deviation of the actual progress of works occurred in relation to the baseline plan.

4. Conclusions

On the basis of the calculations performed, the author observed the following regularities:

» The analysis indicates positive results for the EV method, as a tool for project controlling
in terms of the costs incurred and progress of works;

* The results of the final schedule forecasts are not reliable during the early phase of the pro-
ject (1/3), they stabilize in the middle, and only in the final phase of the project, become
highly probable;

* In the example presented, the results were obtained for all methods using the approach
»performance as planned” — which is not consistent with information provided in the li-
terature [11, 15], in which the Earned Schedule (ES) obtains the most reliable results in
most of the cases analyzed;

* Disturbing the planned progress of works due to temporary acceleration and delaying of
works exert significant impact on correctness of the forecast results.

The calculations performed do not conclusively prove the correctness of the formulas
applied. In the case analyzed, the approach ,,project performer as planned” attained the results
closest to the actual values in each of the proposed methods [2, 8, 10]. The ES results, unlike
in the examples quoted in literature [11, 15], differed most from the actual values. Such
results may be obtained in a situation, in which it is assumed in advance that the planned
performance period would not be changed, and works would be delayed or accelerated only
temporarily. Such performance of works in steps results in forecast errors; assumptions made
in order to meet the deadline established in the forecast, in accordance with the plan. The
analysis conducted has confirmed this assumption.

The issue of forecasting should be developed further in order to obtain more accurate
information, confirmed by analysis using a greater number of exemplary projects, carried
out under varied conditions, taking the mode and accuracy of the data collected into account.
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