Zero Energy Commercial Building – Lighting

Defining the Problem

1. The baseline – a typical commercial building

a. Indoor lighting

i. Linear fluorescent

ii. CFL

iii. CMH

iv. Incandescent

2. Outdoor/Parking Lighting
The Energy Information Administration estimates total U.S. electricity consumption to be 39.0 quads in 2009. The DOE estimated that lighting technologies across all sectors were responsible for 9.84 quads of electricity in 2009, or 25% of the U.S. total.19 Lighting constitutes approximately 12 percent of residential building energy consumption and 25 percent of commercial building energy consumption.17 This electricity consumption figure does not include the additional loads due to the heat generated by lighting, which is estimated to be up to 40 percent in a typical “stock” building. Improving the efficiency and decreasing the cost of SSL will have a large contribution toward DOE’s goal of a net-zero energy building.

In 2002 an in-depth study of lighting energy consumption in the U.S. during 2001 was performed by the DOE.

Residential, 27%

Commercial 51%

Industrial 14%

Outdoor Stationary 8% 
This shows that more than half of energy consumed by lighting in 2001 was for the commercial sector, the largest energy user for lighting. This is one of the principal markets the DOE has targeted to develop more efficient technologies
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Figure 2.3: Lighting Energy Consumption by Sector & Source

Source: U Lighting Market Characterization Volme I National Liging Inveniory and Energy
Consunpiion Estimate. Prepared by Navigant Consultng.Tn. for the Departmentof Energy. Washingion
D.C. September 2002

‘The lighting end-use energy consumption chart in Figure 2.3 shows that fluorescent.
soutces in the commercial sector were the single largest energy-consuming segment in
the US. in 2001. slightly greater than incandescent sources in the residential sector.
However, across all sectors, incandescent lighting was the leading energy consumer in
the U'S., consuming 321 TWh/yr. Fluorescent lighting was second with about 313
TWh/yr and HID was third with approximately 130 TWh/yr.




3. The goal – self generated power for lighting

a. Depend on building configurations

b. X% reduction in annual lighting power consumption

c. More than just an absolute reduction

i. peak vs average vs cumulative

ii. interaction with other building systems to load balance

d. What needs to be achieved?

i. Reduction in power usage – peak, average and cumulative – How much?
ii. Indoor lighting 

1. effective annual power consumption of X watts per square foot

2. maintain quality of light

3. Integrate with controls 

4. Integrate with building system – load balancing, energy storage, etc.

iii. Outdoor lighting 

1. effective annual power consumption of ____

2. maintain safety and perception of safety

3. minimize stray light (dark skys)

4. what else?

The Current Favorites for Achieving Zero Energy Buildings
1. Indoor

a. CFL/linear fluorescents

i. Excellent improvements in efficacy over previous generations
ii. Still improvements in fixture efficacy to be made in CFL downlights but source efficacy will ultimately limit

iii. 85-90% efficient linear fluorescent fixtures already available, without unexpected improvements in source efficacy cannot be the ultimate solution 

b. LED

i. Estimated to peak at maximum source efficacy of  ~250 lpW
ii. Directionality can allow for high fixture efficacy (e.g. 90-95%)

iii. Directional lighting can allow for lower overall lighting levels or only high lighting levels when needed and in areas where needed
iv. Is 240 lpW enough?

v. What will it cost to achieve 240 lpW?

1. LED cost is a trade off with performance

a. More LEDs, less current, higher efficacy, higher LED cost, smaller heatsink cost

b. Less LEDs, higher current, lower LED cost, larger heatsink cost
c. Longer lifetime, more cost

d. More advance controls (dimming, etc) – more cost

e. Higher CRI, more cost

f. Higher power factor, more cost

2. LEDs typically have a different pricing model, it costs more to make more light – Is this a positive or a negative?

a. Lumen based pricing may facilitate more efficient lighting designs

b. Existing lighting is largely based on fixture cost and not lumen output so there may be resistance to LED pricing structure which could slow adoption

c. OLED

i. Excellent prospects for diffuse lighting

ii. Efficacy could be?
iii. Cost Issues

iv. Barriers to acceptance

Commercial LED devices have the potential to surpass the efficacy of the most efficient conventional light sources. Although the range in efficacy for commercial LEDs is currently 76 to 132 lm/W,38 research in a variety of areas, as outlined in this report, can raise the efficacy of LEDs to approximately 230 lm/W. Laboratory efficacies for OLEDs are beginning to surpass efficacies of conventional technologies. The best laboratory efficacy for an OLED device is currently around 90 lm/W. Ongoing research needs to continue to be supported to fully realize the potential of this technology for creating efficient white light.
d. Other technologies?

Another technology that can improve energy efficiency is to eliminate energy conversions wherever possible.  An example is the use of DC voltage grids that are tied directly to the output of PV panels mounted on building.  By eliminating the conversion of the DC output from PV panels to AC and then converting the AC to DC to drive LED lamps, we improve the energy usage.
Another technology, although not new, would be better usage of task lighting.  Instead of lighting large volumes of space, it is considerably more economical and efficient to only put the correct amount of light where it is needed when it is needed.

2. Outdoor Lighting

a. What categories do we put here?

Recently, there has been increased development of outdoor lighting luminaires that can be used off grid.  In other words, they contain a PV panel and storage devices that allow the luminaire to function properly without being connected directly to the power grid.  This can be a significant energy savings for buildings that utilize outdoor lighting through their power meters.

3. Putting it all together

a. The lighting design of the future

b. The integrated building of the future
c. Does this achieve the goal or will it take “the next big thing?”
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What help do they need?


1.
Policy


a.
Efficiency Standards



b.
Is Energy Star a good thing? Is it a race to the bottom?



c.
Tax consequences – Simplifying tax credits so people use them

d.
Expense vs. expenditure – How do you get the capital guys and the maintenance guys in the same room, on the same budget?


e.
Is energy performance contracting delaying advancement?

2.
Education



a.
Lighting design


b.
Building design



c.
Use habits


3.
Research and Development


a.
LED



b.
OLED



c.
Other


4.
Standardization – good or bad?


Another aid to change behavior is to provide energy usage feedback.  If people are aware of the energy they are using and how easy it is to turn lights off when not being used they are more likely to change their behavior.  Visible and immediate access to energy usage through smart metering or personal information displays can provide such feedback.

Adoption of minimum standards such as ASHRAE 90.1-2010 or better still 180.1 will go a long way toward the goal of net zero energy buildings.  At the same time, we need to insure the buildings are properly commissioned and maintained throughout their life to insure maximum energy savings.

