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1. Introduction

During the past few years, various giant Canadian pipeline projects have been continuing to move
through the approval process. There have been also an increase rate of pressures and industry lobbies
have been pushing back against discussions that their projects would not compatible with actions on
climate changes (Badiru & Osisanya, 2016). There are presently various oil and gas projects underway
in Canada including Northern Gateway, Energy East, Keystone XL, Trans Mountain, Pacific Northwest
LNG, Eagle Mountain-Woodfibre gas pipeline and LNG facility and Line 9B. These projects need
significant amount of investments and there are different risks involved for the accomplishment of any
of these projects. The price and oil and gas is the main factor, which could justify investment in this
industry. During the past two decades, oil price has gone up to near 150$ which motivated many fund
managers to pure money in this industry. However, there were events when the price of oil was as low
as 45% and Canadian oil producers were forced to shut down their operations (Marcil et al., 2016).

Environment is another issue for the investment in this industry. This is a fact that oil industry has
negative effects on environment. In fact, Canada's oil and gas industry is the biggest emitter of climate-
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warming methane gas and a primary source of air pollutants recognized as volatile organic compounds,
which are hazardous to human health. Methane is the primary source of natural gas which is used for
heating homes and power factories. The new Canadian regulations will help oil and gas industry con-
serve natural gas which is presently wasted. This is one of the easiest actions Canada can take to reduce
greenhouse gases in terms of investment, which could reduce green gas effect by 20 mega-tone a year,
which is also equal to removing approximately five million passenger vehicles from the road each year.
In addition, this will help Canada prevent the economic effects of global climate-change events such as
drought and floods (Charpentier et al., 2009).

Fidler and Noble (2012) investigated strategic environmental assessment (SEA) practice and effect in
three international offshore systems including Norway, Atlantic Canada and the United Kingdom to
determine the challenges, lessons and opportunities for advancing SEA in offshore planning and eval-
uating the effects. They reported that SEA could help improve the efficiency of project-based assess-
ment in the offshore sector.

Van Hinte et al. (2007) reviewed potential effects of the pipeline projects and developed a method to
make an assessment on the current regime for evaluating project effects based on best practices criteria
and reported that only three of 14 best practices criteria were met. The most substantial issues were to
blame were absence of clear decision-making criteria; lack of decision-making processes that contain
a legal obligation to include compensation to those negatively influenced by a project and ensure project
advantages were equitably distributed; and no provision for relative evaluation of competing projects.
Thomas et al. (2017) reviewed 58 articles published between 2009 and 2015 on public perceptions on
oil and gas industry. They reported mixed levels of awareness of shale operations, tending toward higher
awareness in areas with existing development.

Selection of an appropriate project in Canadian oil and gas industry plays essential role for investment
purposes. Such decision is often involved different criteria, which are in conflict with each other such
as risk and reward, green gas effect and profitability. There are many studies to find some efficient
solutions, which could trade-off between such conflicting criteria such as Analytical hierarchy process
(AHP) (Saaty, 1989), Technique for Order of Preference by Similarity to ideal Solution (TOPSIS)
(Hwang & Yoon, 1981), etc. Mahmoodzadeh et al. (2007), for instance, used both AHP and TOPSIS
for ranking different projects based on four criteria; namely net present value, rate of return, benefit-
cost analysis and payback period. They also used fuzzy numbers to handle uncertainty associated with
input data (Zadeh, 1997).

2. The proposed study

Selection of an oil and gas project is normally involved with various factors. Some of the factors are
associated with financial data and profitability while others are involved with governmental regulations
such as green gas effect.

2.1. Factors influencing investment

Fig. 1 demonstrates the factors considered in this study, which could influence an oil and gas project.
As we can observe from Fig. 1, there are six factors associated with the proposed study of this paper,
which are considered important for the selection of an oil and gas project. The first factor, net present
value, is determined by discounting future cash flows to the present or base time. In a present worth
comparison of different oil and gas projects, the net present value of the costs associated with each
investment are converted to a present value. Obviously, more positive values are more interesting for
investment. The process of finding present values is called discounting and the interest rate applied to
calculate present values is called the discount rate. Obviously, it is very important to measure the pre-
sent value under different discount rate to have a better image on the project’s income when the interest
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rates change. One important point with net present value is that when we intend to use this method to
compare different projects they all have to have the same duration, otherwise, the results would be
misleading. To handle this problem, we may repeat projects with shorter finishing times in our calcu-
lations.

net
present
value

Rate of
return

Green benefit-

gas cost
effect analysis

Fig. 1. The structure of the proposed study

The second item, rate of return (ROR), analyzes a major purchase or project and allows us to consider
the time value of money. Rate of return is, by definition, the interest rate at which the present worth of
the net cash flow becomes zero. Obviously, higher ROR rates are more beneficial. The important point
with this method is that the rate is not unique and we may have different rates for a project.

The third factor, cost-benefit analysis (CB), is adopted as an analytical framework to evaluate the net
benefit of a project. Benefit-cost analysis, also stated to as cost-benefit analysis, is a technique of com-
parison in which the outcomes of an investment are assessed in monetary terms and under separate
categories of costs/benefits. The amounts are then converted to annual equivalents or present worth for
comparison.

Payback period is another form of financial analysis, which simply considers the capital cost of the
investment and compares that value to the net annual revenues that investment could yield. The use of
the payback period as a capital budgeting decision rule specifies that all independent projects with a
payback period less than a specified number of years should be accepted (Mahmoodzadeh et al., 2007).

Risk is another factors considered in this study and it is involved with different issues such as the price
of oil and gas, government regulations, etc. To better understand the concept of risk, consider two oil
and gas projects where the first one has better net present value but it is feasible only when the price of
oil is higher than 50$ while the second project yields a lower net present value but it could feasible
even when the price of oil is less than 40$. In this study we consider higher risk value for the first
project compared the second project. The last factor is associated with environmental issues as well as
the green gas effects. In this study, we are more interested in investing in projects, which are more
environmental friendly.
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2.2 Technique for Order of Preference by Similarity to ideal Solution (TOPSIS)

The technique for Order of Preference by Similarity to ideal Solution (TOPSIS) is considered as a multi
criteria decision analysis method developed for the first time by Hwang and Yoon (1981). The tech-
nique is based on the concept that the best alternative has the shortest geometric distance from the
positive ideal solution (PIS) and has the longest geometric distance from the ideal negative solution
(NIS). A PIS maximizes the benefit criteria / attributes and minimizes the benefit criteria. Following
are the important steps of TOPSIS:

Step 1: Identifying evaluation attributes

Identification of the objectives and the evaluation attributes for the study.

Step 2: Evaluation matrix and obtaining normalized decision matrix

Prepare an evaluation matrix, which consists of m attributes and » criteria. The intersection of every
attribute and criteria is given as x;;. Normalize the decision matrix using the following equation:

Y
R, = ()

where i=1,2,....mand j=1,2,....n
Step 3: Obtain weighted normalized matrix

Decide the relative importance (i.e. weights) of various attributes with respective to the objective in
such a way that the sum weights of all attributes equals to 1.

n
2w =1
i=l1

Obtain the weighted normalized matrix by multiplying the normalized decision matrix by its associated
weights. The weighted normalized decision matrix is formed as

Vi=w; xR, (2)
where i=1,2,....m,j=1,2,...n and w ;is the weight of the j 7 attribute.
Step 4: Determine positive ideal (V +) and negative ideal (V -) solution
The positive ideal solution (PIS) and negative ideal solution (NIS) are chosen as follows:

V= (Vl*, V.. Vn*) maximum values and V™ = (Vl’, Vy o Vn’) minimum values 3)
Step 5: Calculate separation measures using n-dimensional Euclidean distance

Separation of every alternative from the positive ideal solution (PIS) and negative ideal solution (NIS)
is calculated using following formulae:

(4)

wherej=1,2,..., N.
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Step 6: Calculate closeness coefficient (P)

Closeness coefficient (Pj) for every strategy is calculated as follows:
S ©®)

p=—7'
J + -
S;+S;

Step 7: Determine percentage contribution of strategy:

The percentage contribution of every strategy is calculated as follows:

P (6)

PC, = x100

’ sz

3. Data collection

In this survey, since we did not have access to actual numbers, we show the implementation of the
proposed method through an example. Table 1 demonstrates the criteria along with the results of TOP-
SIS ranking.

Table 2
Input parameters for 37 projects along with the result of TOPSIS method
Criteria
City  Netpresent Rate ofreturn  Benefit-cost Payback Green gas effect Risk Rank
value period Co, emission
1 13,956 12.5 321 4.2 5,157 0.5 0.2660
2 14,435 3.5 387 0.9 4,808 0.3 0.2054
3 30,526 14.5 511 2.1 4,205 2.3 0.3181
4 17,111 2 485 6 3,888 8.1 0.6534
5 11,316 8 384 2.4 4,852 2.4 0.3166
6 21,790 13 670 1.6 3,196 0.3 0.2053
7 10,090 3.5 430 3.8 4,922 0.6 0.2367
8 10,596 4 370 5.1 4,493 2.5 0.3427
9 21,842 19 574 0.4 4,728 9.4 0.7285
10 15,670 23.5 1,773 32 3,400 1.1 0.2430
11 12,246 14 1,993 2.4 3,265 0.3 0.1421
12 21,435 5 337 5.7 6,433 0.8 0.2817
13 12,219 7.5 372 0.8 8,463 0.9 0.2322
14 13,156 7 380 34 5,302 3.0 0.3566
15 19,183 13 222 0.6 7,386 0.8 0.2554
16 13,316 4 252 1 10,400 0.9 0.2373
17 17,111 2 540 4.6 3,888 1.4 0.2648
18 14,040 8.5 445 4.5 4,374 1.1 0.2698
19 18,541 16 558 1.3 2,980 0.1 0.2218
20 13,252 4.5 196 0.8 5,126 1.2 0.2512
21 8,943 9.5 361 3.7 4,816 5.7 0.5662
22 13,799 7.5 255 0.9 6,298 3.0 0.3465
23 32,803 22 366 0.4 4,125 0.8 0.2780
24 23,966 7.5 346 1.7 4,713 33 0.3660
25 15,699 9.5 780 2.8 3,980 0.9 0.2178
26 20,043 6.5 517 0.7 4,693 0.8 0.2095
27 20,480 13 412 5.9 7,368 2.9 0.3978
28 13,988 4 335 4.1 6,542 2.6 0.3363
29 23,079 5 254 2.9 6,828 0.9 0.2521
30 20,630 11.5 528 1.9 4,776 1.1 0.2402
31 17,618 45 1,331 1 3,163 0.1 0.3293
32 17,666 9.5 512 1.3 4,138 0.6 0.2151
33 21,981 14.5 1,993 0.4 1,694 0.7 0.1456
34 14,062 6.5 584 0.7 4,079 4.3 0.4150
35 26,159 10.5 551 1.2 3,655 0.2 0.2035
36 12,626 1 1,497 2.5 3,914 0.9 0.3978
37 15,429 4.5 473 5.5 4,044 0.1 0.2503
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Note that the weights of each criteria has been determined through the implementation of AHP method.
The study assumes there are 37 oil and gas projects for investment. The ranking obtained through the
implementation of TOPSIS is given which is calculated based on the procedure explained in section 2.

4. Conclusion

We have discussed different issues associated with the investment in oil and gas projects and explained
that there are presently many issues such as environment, risk, etc. in addition to regular cost/benefit
outcomes, which influence significantly on oil and gas investments. The oil and gas industry has been
also mainly influenced by the price of oil and gas and in some events, many production units have been
forced to shut down solely because of low price of oil and gas. Environmental issues are other important
factors, which may put pressure on Canada’s political affairs since the country has strong commitment
to reduce green gas effect. In this paper, we have introduced a multi-criteria decision making method
to rank various projects in terms of investment. The proposed study has considered different investment
factors including net present value, rate of return, benefit-cost analysis and payback period along with
the intensity of green gas effects for ranking present oil and gas projects in Canada. Using TOPSIS
technique, as a multi criteria decision making technique, the study has demonstrated the implementa-
tion of the proposed method using a case study.
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