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Abstract

In 2011 and 2012 85% of China’s provinces expe-
rienced power outages. China’s Electricity Council fore-
casts domestic electricity demand by 2020 will be nearly
double 2010. One of the ways China’s National Energy
Commission (NEC) has responded to the energy shortfall
is by requiring:

® New buildings must be at least 50% more energy
efficient than 2005

® Energy use as a fraction of GDP by 2015 will be
16% lower than 2011

Toward these ends, China’s National Development and
Reform Commission declare halogen bulbs by Oct 2014
will be illegal.

This research answers for a factory in China lit to the
national illumination standard, “Is it economical to
switch from halogen lamps?” And, if so, “Does the
change meet NEC energy efficiency targets?”

The factory in this study reduces lighting power nearly
6x switching from halogens to fluorescents. The 6 month
payback is economical and the 30% drop in total work-
shop power is nearly double NEC energy efficiency tar-
gets. Neither high intensity discharge (HID) nor light
emitting diode (LED) lamps are found to be suitable al-
ternatives.

Introduction

Since 2009, China has surpassed the US to become the
world’s largest energy consumer [1]. Likewise, China has
surpassed the US to become the world’s largest producer of
manufactured goods. Manufacturing now accounts for ap-
proximately 40% of China’s GDP and 60% of its energy
consumption [2].

In 2011 and 2012 85% of China’s provinces experienced
power outages. For manufacturers summer month power
restrictions are all too common. Shortages in power are not
due to insufficient capacity; an article entitled China’s Pow-
er Shortage notes 60% of China’s power generation equip-

ment is idle [3]. In an effort to keep inflation below 4% [4],
China’s National Development and Reform Commission
(NDRC) has allowed electricity prices to rise only 15% since
2007. However, coal (used to produce 70% of China’s pow-
er) has risen in price 80% over the same period. In the first
half of 2011 Chinese power companies lost $2.3 billion [5].
Rather than losing more money generating more power
companies elect to idle capacity.

In light of mounting power company losses, The China
Daily reports factories in China should continue to face 5%
year-on-year electricity price increases through 2015 [6].
With China’s Electricity Council projecting domestic elec-
tricity consumption to double from 2010 to 2020, energy
policy is clearly at the heart of China’s economic develop-
ment [7].

China’s National Energy Commission (NEC) has re-
sponded to the energy shortfall by requiring:

[0 New buildings (which account for 28% of China’s energy
consumption) must be at least 50% more energy efficient
than 2005 levels [8].

[J Energy use per unit of GDP in 2015 should reduce 16%
compared to 2011[9]

This paper seeks to answer for a factory in China lit to the
national illumination standard (GB 50034-92), “Is it eco-
nomical to switch from halogens to fluorescents, high energy
discharge (HID) or light emitting diodes (LED)?” And, if so,
“Does the change meet NEC efficiency targets?”

Background

In order to understand potential energy savings associated
with different lamp types, basic operating principles of each
are presented.

In an incandescent light electric current passes through a
drawn tungsten wire filament. Friction from the flow of
electrons causes filament temperature to rise. More current,
more heating, more visible light emitted. Unfortunately,
only 5% of incandescent bulb power is converted to visible
light and bulbs last on the order of 1000 hrs. [10]. China’s
NDRC (which in addition to writing national macroeconom-
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ic policy also sets electricity prices) decrees from Oct 1st
2012 the use and sale of incandescent lights over 100 watts
is illegal. By Oct 1st 2014 the threshold limit drops to 60
watts. And, by Oct 1st 2016 the limit falls to 15 watts.

Halogens lamps, while in the incandescent family of lights,
use nearly 2x less power and last approximately 4x longer
than standard bulbs. Such efficiency gains are possible due
to the tungsten halogen regenerative process. For example,
under high temperature and pressure, atomic halogen and
tungsten combine inside the bulb to form tungsten halide. As
this compound volatilizes halogen gas is released; tungsten
is re-deposited on the filament; and the process begins again
[11]. Even with such energy savings, China’s NDRC de-
cides from Oct 1st 2014 the use and sale of tungsten halogen
lamps is illegal. For new building projects, failure to comp-
ly with lighting restrictions results in fines from $30k — $80k.

Unlike incandescent lights, fluorescent and HID lights are
ballast powered. Ballasts initiate current flow between
tungsten electrodes located on either end of quartz tubes. A
starter forces an inductor in the circuit to release this stored
current. In the case of fluorescents as electrons hit the tube’s
phosphorous coating visible white light is created. For metal
halide lights as tubes heat up metal salts inside evaporate;
under high pressure the result is high intensity, neutral white
light. Compared to halogens, ballast powered lamps are
nearly 5x more efficient at converting electricity to light and
last almost 5 times longer. Driving the energy efficiency is
the fact once the flow of electrons is underway little addi-
tional power is needed.

LED lamps, rather than using ballast power, convert AC
into DC voltage across a semiconductor crystal. Negative
charged electrons in the diode’s electron transport layer
combine with positively charged holes; excess energy is
converted to light. White light is achieved either by mixing
red, blue and green LED lamps or using an indium gallium
nitride (InGaN) semiconductor material. Since LED’s do
not depend on electrodes, useful life is double ballast po-
wered lamps.

Methodology

The workshop in this study is lit to GB 50034-92
24hrs/day every day over 4 years. A four year timeframe
accounts for (1) differences in lamp type useful hours and (2)
China’s rising electricity prices. Electricity prices for indus-
trial users are assumed to rise at 5% per year from $0.13 per
kilowatt hour (kwh) in year 1 [12].

Lamp fixtures in this study are: reflector fit, enclosed, and
emitting white light with a color rending index exceeding
80%. Per Figure 1, the workplane is 1.5m above the floor;

luminaries are 5.5 meters above the workplane; and lamps
hang 1.5m below the ceiling.
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Figure 1. Workshop Lighting Dimensions

Following generally accepted lamp spacing rules, the re-
searcher sets variable S in Figure 2 equal to 1.5*Room Cavi-
ty Height. Per Equation (1), 28 luminaries are needed in
each row of the factory [13].
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Figure 2. Luminary Spacing in the Workshop
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Since the workshop is square, 28 rows are needed for a to-
tal of 784 luminaries in the workshop.

According to China’s Industrial Enterprise Illumination
Design Standard (GB 50034-92), 300 lumens/m? intensity at
the workplane is needed when general machining is done to
tolerances greater than 0.1mm. When selecting lamp types
to achieve this intensity, the researcher considers 4 factors:
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Pupil effect

Luminary efficacy rating (LER)
Coefficient of utilization (CU)

Lumen loss factor (LLF) over useful hours

rpLOdDE

The human pupil is more receptive to light at the blue end
of the spectrum. The researcher, therefore, applies a lumen
per watt pupil correction factor (PCF) for each lighting type
[14].

LER is a measure of lumens emitted per watt of power
consumed. Transmission losses considered when computing
LER values include: operating at non ideal temperature, bal-
last losses, voltage fluctuations, light trapped in the fixture
and bulb blemishes.

Room surfaces are potential absorbers (and reflectors) of
light. Reflectance percents for the workshop in this study
are: ceiling 80%, walls 30% and floor 10%. Using reflec-
tance and cavity sizes for the workshop, the researcher con-
siders percentage of light reaching the workplane (i.e. CU)

by light type.

All lighting systems experience lumen loss over time. For
example, incandescent and HID bulb filaments decay; phos-
phor coatings on fluorescent lamps break down; and LED
diodes degrade. Since China’s GB system of national stan-
dards are legally enforceable, lamp intensity values are in-
creased by LLF to ensure compliance at the workplane over
useful lamp life.

Results

By multiplying the 300 lumens/m? intensity by the
28,900m? workshop area the researcher initially calculates
8,670,000 lumens are needed at the workplane. In accor-
dance with the inverse square law, the researcher measures
for the 5.5 meter luminary height in this study intensity
drops on average 36% from source to workplane [15]. The
8,670,000 lumens are multiplied by 1.36 to calculate intensi-
ty at the luminaries. By light type this value is adjusted.
Adjustment includes: dividing by PCF, multiplying by (1+
LLF) and multiplying by 1+(1-CU).

Table | and Table 2 values for PCF, LLF, CU%, and LER
are based on manufacturers’ documentation and secondary
research (i.e. [16], [17], [18], [19], [20], [21] and [22]).

Per Table 1 installed lumens are lowest for LED and fluo-
rescent lights.

Table 1. Fluorescents Need the Least Installed Intensity to
Light the Workshop to GB 50034-92

PUDII. Lumens Loss : Intensity @ Intensity @
Correction CU % workplane

N Factor (LLF) Tamp (1umens

Factor (lumens)
LED white 1.62 30% 85% 8,001, 019 10,881, 385
(warm)
Fluorescent 1.58 4% 65% 7,704, 228 10, 477, 750
HID 1.49 34% 65% 10, 526, 195 14, 315, 625
Tungsten 132 5% W% 8, 896, 602 12, 099, 379
halogen

Over a 4 year period Table 2 shows fluorescent lights are
23% less costly to power compared to the 2™ alternative
LED’s.

Table 2. Fluorescents Cost the Least to Power

LETEEi/ LER Kw/Light Electricity cost
. g (lumens/kw) Fixture over 4 years ($)
fixture
LED white 13, 880 78000 0.18 688, 174
(warm)
Fluorescent 13, 360 97000 0.14 532, 645
HID 18, 260 97000 0.19 728, 002
Tungsten 15, 430 20000 0.77 2,983,591
halogen

Per Table 3 LED lights last 25% longer than fluorescents.
However, when compared to LED’s, initial investment costs
in China for fluorescents are 8x lower than LED’s; fluores-
cent replacement bulb cost over a 4 year period is 11x
cheaper than LED’s.

Table 3. Fluorescents Cost the Least to Install and Maintain

Useful 1 eost per Initial Fixture Lanp
Life (Hrs) ost pe Replacement frtie xture Replacement
N initial Investment to
Adjusted | .. Lamp Cost ($) N Cost over 4
fixture ($) Cover Workshop
for LLF years
LED white |35 000 411 395 1,999, 200 1,922,995
(warm)
Fluorescent 25, 000 53 26 258, 720 175, 817
HID 14, 000 73 33 352, 800 402, 259
Tungsten 4,000 7 34 376, 320 1, 442, 246
halogen

Table 4 shows for the 28,900m? Chinese workshop lit in
compliance to GB 50034-92 fluorescents over 4 years are
the least costly.

Table 4. Fluorescents are the Least Expensive Lighting Solution
for the Workshop in China

Total
Lighting
Spend over
4 Years
$
LED white 4,610, 369
(warm)
Fluorescent 967, 182
HID 1,483, 061
Tungsten 1, 105 837
halogen
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Discussion

Based on research findings workshop management de-
cides to install fluorescent lighting (Figure 3).

Figure 3. Switch to Fluorescent Lighting

At first glance, LED lights would have seemed an upgrade
compared to fluorescents. For LED’s, coefficient of utiliza-
tion (CU) is 15% higher, pupil correction factor (PCF) is
2.5% higher, and useful life is 2x longer. However, over
useful lamp life, a fluorescent bulb experiences only 4%
lumen loss. This is over 7x less than LED lumen loss. Since
a general machining workshop in China, by law, must be lit
to 300 lumens/m? at the workplane, installed LED intensity
is 4% higher than fluorescent lamps. When combining low-
er installed intensity with a 20% higher LER rating, Chinese
fluorescents in this study are almost 30% cheaper to power
than LED’s.

Lower monthly electricity fees, however, represent only
5% of the savings using fluorescents instead of LED’s in
China. For the 13,000 to 14,000 lumens/fixture used in this
study, Chinese fluorescent luminaries are almost 8x cheaper
than Chinese LED’s. Even after accounting for the lower
useful life of fluorescents compared to LED’s, costs to re-
place Chinese fluorescent bulbs over 4 years are 11x cheaper
than maintaining Chinese LED’s.

When comparing fluorescents to HID’s, while the CU and
LER values are similar, fluorescents have 7x less lumen loss.
When taking lower lumen loss and lower PCF into account,
the researcher finds Chinese fluorescents are almost 30%
cheaper to power than HID’s.

For the 13,000 to 14,000 lumens/fixture used in this study,
Chinese fluorescent luminaries are 35% cheaper than Chi-
nese HID’s. Moreover, for fluorescents useful life is nearly
2x longer than HID’s. When considering replacement bulb
costs for fluorescents in China are almost 30% lower than
HID’s, 80% of the savings using fluorescents over HID’s is
attributed to maintenance costs.

Conclusions

The first part of the research question asks, “Is it economi-
cal to switch from halogens to fluorescents, HID’s or
LED’s?” This is a timely question as the sale and use of
tungsten halogen bulbs in China is illegal from Oct 2014.
The study finds at $8.95/m? initial investment when switch-
ing from halogens to fluorescents, the 6 month payback is
highly economical.

A switch from halogens to fluorescents saves the work-
shop in this study approximately $3.56 million over 4 years.
Compared to installing LED’s, fluorescents consume 30%
less power and save $3.6 million. Compared to HID’s fluo-
rescents consume 40% less power and save $515,000.

The second part of the research question asks, “How much
does a lighting change contribute toward meeting NEC
energy efficiency targets?” The workshop in this study uses
4.3 million kwh less power per year switching from halogen
to fluorescent lights. Installed meters show average annual
power consumption for all equipment in the workshop is
15.6 million kwh. A lighting change from halogens to fluo-
rescents represents a 30% drop in total power consumption;
this is nearly double the NEC’s target of 16% less power
used per unit manufactured.

Energy efficiency in Chinese building construction has
been slow to take hold. For example, annually new build-
ings in China total 2 billion square meters [23]. Yet, in 2009
only 10 buildings applied for recognition under China’s
green-building rating system launched in 2007 [24]. It is the
researcher’s hope this study shows factory managers in Chi-
na fluorescents are an economical way to comply with light-
ing regulations.
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