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Abstract—Considering many lighting  energy-saving
modification programs have the phenomenon of diseconomy;
this paper takes into account economic evaluation to solve
this problem. The optimal program of total energy-saving
benefit will be found under the limited investment according
to economic evaluation of the price, life span and power
consumption of lighting equipments. Firstly, the benefit
ratio will be used to evaluate on the necessity of modification,
and get the order. If the biggest benefit ratio exists in
different equipments simultaneously, the better one will be
selected in terms of relative payback period of investment.
And on the basis, the relative remaining time is innovatively
introduced into economic evaluation to determine the
locations of modification. Then an example from a factory
can prove that the program is workable.

Index Terms—Iighting modification, economic evaluation,
energy-saving benefit

1. INTRODUCTION

The Chinese government takes "building a resource
saving and environmentally friendly society" as the basic
national policy, which means that our country enters the
period of an energy-saving society. Thus many users have
modified their lighting equipment opportunely in order to
save energy. But many energy-saving modification
programs have the embarrassment of diseconomy
according to investigation [1]. Why? The quality of
lighting equipment is rather irregularity in the Chinese
market. What’s worse, users modify the lighting
equipment blindly without the foundation of the energy-
saving benefit [1], [2].

Thus, the users have to evaluate the effect of energy-
saving modification from economic view. Economic
analysis is to calculate, analyze and evaluate the
economic effects on energy saving programs, So users can
choose the optimal program [3]. According to statistics,
the common methods are life cycle cost method, payback
period method and net present value method, which are
used to evaluate the economy of program [4-7]. (i) The
life cycle cost method pursues the minimum discounted
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cost, which is suitable to comparative evaluation of
various programs [8], [9]. (i) The payback period
method evaluates the effect of investment, and the speed
of return can be seen from the payback period directly
[10-12]. (iii) The net present value method valuates the
short-term and certain investment project, which is
calculated by discount rate of the capital cost [13].
However, the speed of payback period can’t be seen
through life cycle method. The payback period method
doesn’t take the effective discount rate into account. In
practical application, there’s a great deviation between
the anticipated investment and the reality with the method
of the net present value [14-17]. Thus this paper
combines the advantages of these major methods, and
introduces three indexes which include benefit ratio,
relative payback period of investment and relative
remaining time to evaluate the economic benefit and get
the optimal modification program.

II.  THE PRINCIPLES OF MODIFICATION

A. Figures and Tables

Lighting equipment can be divided into five types:
incandescent, fluorescent (T12/T8/T5/compact
fluorescent lamps), high-pressure mercury lamp, high-
pressure sodium (HPS), metal halide lamp (MH). Ballasts
include electronic ballast and magnetic ballast [18]. Thus
this paper cites four factors, which include price, power
consumption, life span and running time, to establish the
economic evaluation to get the optimal energy-saving
modification program of lighting equipment.

This paper concerns about three indexes, including
benefit ratio, relative payback period of investment and
relative remaining time. Generally, users can't carry out
the modification of lighting equipment completely due to
limited fund. Therefore, the corresponding principles of
modification are introduced in this paper to work out the
optimal program of saving energy. These principles are as
follows.
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(i) Only when the benefit ratio of the equipment is
above 0 can it be modified. The larger the benefit ratio of
the equipment is the better the benefit of saving energy is.
There’s no doubt that the equipment, which has the
maximum benefit ratio, should be modified first. Thus,
benefit ratios should be followed by the principle, which
is the ranking from the largest down to the smallest.
Based on the benefit ratios, the best brand of lighting
equipment and their modification order can be obtained.

(i) If the maximum benefit ratio exists in different
equipment, the equipment with minimum relative
payback period of investment should have priority to be
modified. The shorter the relative payback period is, the
shorter its investment recover time is. Thus, relative
payback period should be followed by the principle,
which is the ranking from the shortest to the longest.

(iii)) When the largest benefit ratio and shortest relative
payback period of investment are found in different

equipments, they will enjoy the same right to be modified.

On the basis, the specific location of modification will be
decided in terms of relative remaining time. If the relative
remaining time of the equipment is shorter, its chance to
be scrap is bigger. Thus it should be modified first.

What must be emphasized here is that the relationships
among these three indexes are subordinate. The relative
payback period of investment is subordinate to the benefit
ratio, and the relative remaining time is subordinate to the
relative payback period of investment. If the benefit ratio
of equipment A is larger than that of equipment B even
though the relative payback period of investment of B is
much shorter than A, A still has priority to be modified.
In the same way, if the relative payback period of
investment of equipment A is shorter than that of
equipment B on the condition that they has the same
benefit ratio even though the relative remaining time of
B is much shorter than that of A, A should be
considered firstly to be modified.

III. BASED ON ECONOMIC EVALUATION OF LIGHTING
MODIFICATION PROGRAM

In this paper, the equipment which has less power
consumption than current-used lighting equipment can be
called energy-saving lighting equipment in terms of the
same luminous flux. The energy saving can be calculated
by the power conversion relationship between energy-
saving lighting equipment and current-used lighting
equipment, and then their energy-saving benefit can be
obtained.

A. Energy-saving benefit

1) The relationship of power conversion among
lighting equipment[18]
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TABLE I. THE RELATIONSHIP OF POWER CONVERSION
Equipment Alternative Product
20W Incandescent 40W
T12
40W Incandescent 60W
s 14W | T12/20W or Incandescent 40W
28W | T12/40W or Incandescent 60W
Incandescent 40W or T12/20W or
9w
CFL T5/14W
1w Incandescent 60W or T12/20W or
T5/28W
125W HPM/250W
HPS
200W HPM/400W

T12: coarse diameter fluorescent; T5: small diameter
fluorescent lamp; CFL: compact fluorescent lamp; HPS:
high-pressure sodium lamp; HPM: high-pressure mercury
lamp.

According to power conversion relationship, the
energy saving of energy-saving equipment can be
obtained in terms of the same luminous flux.

2) The energy saving [4]

AA =a —a (i=1,23,--,m) (D

AA stands for the amount of unit-hour energy saving

after replacing current-used lighting equipment i ,
hour/kilowatt; g stands for unit-hour power consumption

of current-used lighting equipment i; a stands for unit-

hour power consumption of energy-saving lighting
equipment that replaces current-used lighting equipment
i in terms of the same luminous flux; m stands for the
total number of lighting equipment which are replaced.

After the amount of energy saving is obtained, energy-
saving benefit of unit energy-saving lighting equipment
can be calculated according to the price of electricity,
investment cost, discount rate and life span. And there
will be a conclusion whether to modify the equipment in
terms of the energy-saving benefit.

3) The energy-saving benefit of unit energy-saving
lighting equipment

The present value of energy-saving benefit of the
lighting equipmenti in t year is that the energy-saving
benefit in t year minus the assessed cost of total
investment in t year.
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Where, M, is the present value of energy-saving

benefit after replacing current-used lighting equipment i,
¥ ; M, is the present value of energy-saving benefit in

the year t after replacing current-used lighting equipment
i, Y; P is the price of electricity in the year t,
Y /(kW -h); C;t is the assessed cost of total investment in
the year t, ¥; T, is the running time in the year t, and

the total running time of each year based on past data,
hours; p; is the price of current-used lighting equipment

i; p, is the price of energy-saving lighting equipment;
m, is the maintenance cost in the year t and treated as
fixed value; T, is the life span of current-used lighting
equipment i; T, is the life span of energy-saving lighting
equipment; i, is the discount rate, %; n, is the total

running years of energy-saving lighting equipment.
In order to simplify process, the investment only
includes the price of energy-saving lighting equipment.

That means their maintenance cost is out of consideration.

And supposing annual running time of lighting equipment
is fixed and the price of electricity of per kilowatt-hour
keeps 1¥. And overall discount rate is 10%.

(i) When the replacement occurs to lighting equipment
with  different power, energy-saving benefit M,

equals (P -AA -T.)/ (1+10%) — pc; -

For example, the life span of T8/18W is 10,000 hours,
and its purchase price is 10¥ . When T8/18W replaces
T12/20W, energy-saving benefit M,

equals (20—18)x8500/(1000- (1+10%))—-10=6.3¥ .

(i1)) When the power between current-used lighting
equipment and energy-saving lighting equipment is the
same, energy-saving benefit M.

equals (p, /T,-T,)/ (1+10%) - p;-

B. The economic evaluation of energy-saving benefit

The benefit ratio can be calculated by energy-saving
benefit of unit energy-saving lighting equipment, and
then put the equipment for modification in order. Benefit
ratio is the ratio of total benefit to total investment. The
energy-saving equipment that has the maximum benefit
ratio should get priority to be modified.
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Where, B, is the benefit ratio; O; is the total benefit;
C, is the total cost including only purchase cost of
energy-saving lighting equipment; N, is the amount of
energy-saving lighting equipment.

After the benefit ratio is obtained, the relative payback
period of investment is introduced to solve the problem
that the maximum benefit ratio occurs to different types
of energy-saving equipment. The relative payback period

of investment can be calculated by annual running time
and life span.

Ri' = IiI/AI )
l;=p /(AN -R)
Aiv =Til/ni

Where, | is the investment payback period, hours; R,

is the relative payback period of investment, it is the ratio
of investment payback period to annual running time; A

is annual running time, hours. Supposing the annual
running time is the same, soT, = A = A

After the benefit ratio and relative payback period of
investment are obtained, relative remaining time is
introduced to solve the problem that how to make sure
the specific location in modification. Relative remaining
time is the ratio of remaining life span to annual running
time.

Rijz(Ti_Tij)/aij (j=1---,n) (5)

Where, Ry is the relative remaining time of lighting
equipment i in location j; T, is the life span of lighting
equipment | ; T is the total running time of lighting
equipment i in location j ; a is the annual running time

of lighting equipment i in location j, hours.

C. The determination of program

According to the principles of modification mentioned
above, the benefit ratio can select the best brand of
energy-saving lighting equipment, and get the order of
modification in current-used equipments. When the
maximum benefit ratio exists in different types of lighting
equipment, the relative payback period of investment will
be introduced to find out the best one for modification.
On this basis, the relative remaining time will be
considered to decide the specific locations for
modification. Therefore, the optimal energy-saving
program can be obtained from these three indexes.
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The determination of energy-saving modification
program has four key factors: investment, objects, time
and locations. The investment in real life is often limited.
Even if a program can produce the largest benefit ratio, it
has to be abandoned when the cost is larger than the
investment. Therefore, this paper proposes how to decide
the best modification program from the angle of limited
investment and makes users timely adjust the optimal
program under limited fund. This paper only modifies the
current-used lighting equipment by assuming that the
modification time is current. After such a simplification,
the determination of program needs only two key factors:
the modification objects and the locations.

When the total value of energy-saving benefit is the
only consideration, the maximum benefit of modification
program can only be obtained on the condition of
unlimited fund. Thus the energy-saving benefit of unit
lighting equipment can be obtained through the benefit
ratio. The relative value's real advantage over total value
is that it pursues the optimization of unit investment.
Therefore, when comparing the benefit ratios of different
equipments, the paper can directly reflect the benefit of
each of equipment under limited investment that helps
users to choose the best one. When comparing the
relative payback periods of investment of different
equipments with their annual-running time, the paper can
help users to choose the best one. The modification
locations can be determined by the modification urgency
of various regions' equipments, which is reflected by
relative remaining time.

The investment, the price of energy-saving equipments, life span and annual
running time

‘The energy-saving equipment, which has the maximum

‘ The order of beneﬁt ratios benefit ratio, should be modified first.

The companson ofrclanvc
investment payback period

The companson of relative ‘The determination of modification location.If the relative
remaining time is shorter, its chance to be abandoned is
remammé time bigger. Thus it should be modified first.
Get th ! ‘The economic evaluation makes users timely adjust the best
et the opnma program program under the limited fund

Figure 1.

Abandon this energy-saving cquipman

I the maximum benefit ratio exists in different equipments,
the equipment with minimum relative investment payback
period should have priority to be modified.

The flowchart of system operation

From Fig.1, the optimal program process is as follows.
Firstly, the amount of energy saving can be calculated by
power conversion. And the energy-saving benefit of unit
lighting equipment can be calculated by the price of
electricity, the investment, discount rate and life span.
Secondly, the benefit ratios of lighting equipment of
various brands can be seen in terms of unit equipment’s
price, energy-saving benefit and life span. Thirdly,
relative payback period of investment can be worked out
according to life span, price and annual running time.
Lastly, the relative remaining time can be acquired in
accordance with life span, annual running time of
different locations. Then the optimal energy-saving
program can be worked out by economic evaluation
based on the principles of modification.
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IV. THE EXAMPLE ANALYSIS
According to the actual conditions of different types of

lighting equipment and a factory, the optimal program
can be obtained through three indexes mentioned above.

A. The modification order of lighting equipment

Based on the survey, the price and life span of different
types of lighting equipment can be obtained as follows in
Table II.

TABLE II. THE PRICE AND LIFE SPAN OF DIFFERENT TYPES OF
LIGHTING EQUIPMENT [19]
Lighting Life . Lighting Life .
equipment  span(hour) Price(¥) equipment span(hour)Prlce( Y)
Incandescent
40W 800 4 CFL/OW 2200 10.5
Incandescent
60W 800 4 CFL/11W 2200 10.5
T12/20W 1800 10 HPM/250W 3000 58
T12/40W 1800 10 HPM/400W 3000 58
T5/14W 2500 12 HPS/125W 3600 100
T5/28W 2500 12 HPS/200W 3600 100

The energy-saving benefit, the price and the benefit
ratio of unit energy-saving equipment can be obtained
from Table I, Table II and equation (3). The energy-
saving equipment, which has the maximum benefit ratio,
should be modified first. And when the benefit ratio of
energy-saving lighting equipment is below zero, this
equipment should be abandoned. The conclusion can be
drawn as follows.

TABLE III. THE DECISION OF MODIFICATION OBJECTS
Current-used POS.S lb1? Benefit | Price Ben;ﬁt Conclusion
combination ratio
CFL/9W 20.50 | 10.5 | 1.952 Replace
Incandescent Incandescent
40W T12/20W 6.36 10 | 0.636 20W with
T5/14W 17.55 12 1.462 CFL/9W
CFL/11W | 38.50 | 10.5 | 3.667 Replace
Incandescent Incandescent
60W T12/40W 6.36 10 | 0.636 60W with
T5/28W 24.36 12 | 2.030 | CFL/11W
T12/20W T12/20W with
T5/14W -5.18 12 |-0.432 CFL/OW
CFL/IIW | 1850 | 10.5 | 1.762 |  Replace
T12/40W T12/40W with
T5/28W 1.64 12 |0.136 | CFL/IIW
TS/4W | CFLOW | -5.50 | 10.5 |-0.524| MNottobe
modified
T5/28W CFL/11W 14.50 10.5 | 1.381 | Be modified
HPM/250W | HPS/125W | 104.55 | 100 | 1.045 | Be modified
HPM/400W | HPS/200W | 227.27 | 100 | 2.273 | Be modified

Note: benefit here is that the present energy-saving
benefit of unit lighting equipment after deducting its cost.
The best energy-saving equipment to replace current-
used lighting equipment can be obtained from Table III.
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B. The optimal program for modification of lighting
equipment

The investment for improving current-used lighting
equipment is 45,000 ¥ . The optimal energy-saving
program can be worked out in terms of the investment
and modification objects. Table IV reflects the current
lighting conditions in a factory.

TABLE IV. THE CONCRETE CONDITIONS OF LIGHTING EQUIPMENT

IN THE FACTORY

Life Annual Total
Area  Current-used Quantity span running running

(h) time(h) time (h)
Plant A I“C"‘ggf;“m 200 800 400 500
Plant B Incaggf;cent 200 800 200 750
Plant C Incaﬁgﬁjcem 200 800 200 750
PlantD  TI240W 200 1800 1000 1600
PlantE  TI2/20W 200 1800 1000 1200
PlantF  TI2/20W 200 1800 1000 800
PlantG  TS/14W 200 2500 2000 1500
PlantH  TS528W 200 2500 2000 1500
Street] HPM/250W 400 3000 800 1500
Street ] HPM/400W 400 3000 800 1500

The modification order of lighting equipment in each
area of the factory can be obtained by the economic
evaluation from Table III and Table IV.

TABLE V. THE MODIFICATION ORDER OF LIGHTING EQUIPMENT
Payback encfit Relative  Relative
Area Current-used period . payback remaining Order
ratio . .
(h) period time
Incandescent
Plant A 60W 428.57 3.67 1.07 0.75 1
Incandescent
Plant B 60W 428.57 3.67 2.14 0.25 2
Incandescent
Plant C 10W 677.42 1.95 3.39 0.25 4
PlantD T12/40W 724.14 1.76 0.72 0.20 5
Plant E T12/20W  1909.09  0.05 1.91 0.60 8
PlantF T12/20W  1909.09 0.05 1.91 1.00 9
PlantG T5/14W  4200.00 -0.52 2.10 0.50 10
PlantH T5/28W 123529  1.38 0.62 0.50 6
Street I HPM/250W  1600.00 1.05 2.00 1.88 7
Street ] HPM/400W  1000.00  2.27 1.25 1.88 3

Then the conclusion can be drawn that all should be
modified except Plant G in terms of unlimited fund. And
the corresponding modification program is as follows.
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TABLE VI THE MODIFICATION PROGRAM WITH UNLIMITED FUND
ol | 0%,
Area | Current-used | Quantity |Benefit|Price|benefit in cach
each area
area
Incandescent
Plant A 60W 200 38.50 {10.5| 7700 2100
Incandescent
Plant B 60W 200 38.50 {10.5| 7700 2100
Incandescent
Plant C 40W 200 |20.50 [10.5| 4100 2100
Plant D T12/40W 200 18.50 {10.5| 3700 2100
Plant E T12/20W 200 0.50 |10.5( 100 2100
Plant F T12/20W 200 0.50 |10.5( 100 2100
Plant G T5/14W 200 -5.25 [10.5 0 0
Plant H T5/28W 200 14.50 {10.5 2900 2100
Street I | HPM/250W 400 |104.55] 100 (41818.18| 40000
Street ] | HPM/400W 400 |227.27{ 100 [90909.09| 40000

Table VI shows that the total energy-saving benefit in
the factory is 159027.3%¥, and the cost of modification is
94700% . Thus the benefit ratio of this program is 1.68,
which means that 2.68 ¥ can be obtained with 1 ¥ .

At the same time, it should be emphasized that this
paper proposes how to produce the optimal modification
program from the angle of limited investment. If the
investment is less than 94700 ¥ , the corresponding
program can be obtained by the modification order of
lighting equipment.

The investment mentioned above is 45000 ¥ . But
users face the problem how to maximize the benefit under
the limited fund.

1) If the benefit of unit lighting equipment is the only
factor to be considered, the corresponding program is as
follows.

TABLE VIL MODIFICATION PROGRAM BASED ON THE ORDER OF

UNIT LIGHTING EQUIPMENT’S BENEFIT

Total  Total cost

Area Benefit Order benefitin in each Program
each area area
PlantA 3850 3 0.00 000  Nottobe
modified
Not to be
PlantB 3850 3 0.00 0.00 modified
PlantC 2050 5 0.00 000  Nottobe
modified
PlantD 1850 6  0.00 000  Nottobe
modified
Not to be
PlantE 050 8 0.00 0.00 modified
Not to be
PlantF 050 9 0.00 0.00 modified
Not to be
PlantG -550 10  0.00 0.00 it
Not to be
PlantH 14.50 7 0.00 0.00 modified
Street 10455 2 522750  5000.00 -0 1amps tobe
modified
Street] 22727 1 90909.09 4000000 Alltobe
modified
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Table VII shows that the total energy-saving benefit in
the factory is 96136.59¥, and the cost of modification is
45000 .

2) If the payback period of unit lighting equipment is
the only factor to be considered, the corresponding
program is as follows.

Table IX shows that the total energy-saving benefit in
the factory is 106380.32%¥, and the cost of modification
is 45000 .

4) Based on the model of economic evaluation
mentioned in this paper, the corresponding program is as
follows.

TABLE VIII.  MODIFICATION PROGRAM BASED ON THE PAYBACK TABLE X. MODIFICATION PROGRAM BASED ON THE MODEL OF
PERIOD OF UNIT LIGHTING EQUIPMENT ECONOMIC EVALUATION
. . Total | Total
Total Benefit Relative Relqtlye benefit |cost in
Area Pa_yback Order benefit in 'Total cost Program Area ratio payback |remaining in each | each Order | Program
period (h) in each area time time 1
each area 1 area | area
All to be
PlantA 42857 1 770000  2100.00 Iﬁg;i"ﬁzz PlantAl 3.67 | 1.07 | 0.75 |7700.0012100 | 1 | e
All to be
PlantB 42857 1 770000 210000 Alltobe PlantB| 3.67 [ 214 | 025 |7700.00(2100| 2 | = req
modified
All o be 798.0 76 lamps
PlantC 67742 3 4100.00  2100.00 . PlantC| 195 | 3.39 025 [1558.00|"7°"| 4 o be
modified 0 .
All to be modified
PlantD 724.14 4 3700.00 210000 ' .0 pantdl 176 | 0.2 020 | 000 looo| s |Notiobe
Not 10 be modified
PlantE 1909.09 8~ 0.00 0.00\ odified PlantE| 0.05 | 1.91 060 | 000 |000| g |Nottobe
Not to be modified
PlantF1909.09 8~ 0.00 000 odified PlantF| 0.05 | 191 100 | 000 |000| o |Nottobe
Not to be modified
PlantG 420000 10 0.00 0.00 odified PlantG| -0.52 | 210 | 050 | 000 |000| 10 |Nottobe
Not 1o be modified
PlantH 123529 6 0.00 0.00 odified PlantH| 138 | 0.62 050 | 000 |000| ¢ |Nottobe
Not to be modified
Street 1 1600.00 7 0.00 000 odified Street 1| 1.05 | 2.00 188 | 000 |000| 7 |Nottobe
modified
366 lamps Alob
StreetJ 1000.00 5 83180.82 36600.00  to be StreetJ| 227 | 1.25 1.88 | 90909 |40000| 3 o be
modified modified

Table VIII shows that the total energy-saving benefit
in the factory is 106380.32 ¥ , and the cost of
modification is 45000 .

3) If the modification urgency of current-used
lighting equipment in each area is the only factor to be
considered, the corresponding program is as follows.

TABLE IX. MODIFICATION PROGRAM BASED ON THE
MODIFICATION URGENCY OF CURRENT-USED LIGHTING EQUIPMENT

Remainin. Total Total cost
Area . €Order benefitin  in each Program
time
each area area
PlantA 30000 4 770000 210000  Alltobe
modified
PlantB 5000 1 770000 210000  Alltobe
modified
PlantC 5000 1 410000 210000  Alltobe
modified
PlantD 20000 3 370000 210000 Alltobe
modified
PlantE 600.00 5 10000 210000  Alltobe
modified
PlantF 100000 6 10000 210000  Altobe
modified
PlantG 100000 6  -1100.00 210000  Alltobe
modified
PlantH 100000 8 290000 210000  Altobe
modified
Street] 150000 9 1474155 1410000 \#1lampsto
be modified
Street] 150000 9 3204507 1410000 .41 1ampsto
be modified
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Table X shows that the total energy-saving benefit in
the factory is 107867.09¥, and the cost of modification
is 45000 .

The conclusion can be drawn that the optimal energy-
saving modification program can be obtained in terms of
energy-saving benefit, relative payback period and annual
running time. There’s a little deviation between the effect
of total energy-saving benefit and the reality, because the
total energy-saving benefit is not obvious in real life. The
main reasons include the price of energy-saving
equipment and the discount rate which are a little higher,
and the installation cost ignored.

The actual situation is as follows. Firstly, the cost of
modification is 45000¥ . Secondly, the overall discount
rate of benefit is 15%. Thirdly, the price of CFL and HPS
has been double. Lastly, the installation cost of every 10
energy-saving lighting equipment is 5¥ . Thus the total
energy-saving benefit of the optimal program is 16568.66
¥, which means that the benefit ratio of this program is
0.37. The total energy-saving benefit of the optimal
program matches the actual situation in real life, which
means that the economic evaluation of this paper is
practical and reliable.

V. CONCLUSIONS

This paper sets up the economic evaluation in terms of
three major indexes including benefit ratio, relative
payback period of investment and relative remaining time.
The constraint condition of economic evaluation is
investment, and the goal is to get the best total energy-
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saving benefit after modification. Thus, the optimal
program can be selected according to investment and
objects for modification. So the economic evaluation can
be applied to other lighting equipment because the
lighting equipment has general character.

Of course, a good energy-saving program is the
foundation of saving energy, when it has good
performance on economic evaluation. However the key to
save energy depends on users. When users are aware of
the importance of saving energy, the energy-saving effect
is much better than that of the technological modification
based on the economic evaluation.
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