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STEP 1-Commit to continuous 
improvement 

STEP 2-Assess performance 

STEP 3-Set goals. 

STEP 4-Create Action plan 

STEP 5-Implement Action plan 

STEP 6-Evaluate Progress 

STEP 7-Recognize achievements 

BENCHMARKING 
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Calculate Energy Totals based on the 
demand data 
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Monthly Whole Building energy 
Tracking  

Energy Consumption is plotted 
for a year of two buildings-  
 
(A) Building 1 use after the 

retrofit is lower, with 
50,000 kWh saved in Jul 

(B)  In building 2, July use is 
100,000 kWh higher than 
before the retrofit. 
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Lighting Energy is tracked at the building with classrooms & offices . Lighting 
control include scheduling and photo-control. 

(A) Summer usage is lowest ,reflecting maximum daylight and minimum 
occupancy. 

(B) Spring/fall usage is higher, reflecting average daylight and maximum occupancy 

(C) Winter use is lower than fall/spring, reflecting reduce occupancy   

Monthly End Use Tracking, Lighting 
Energy  
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Monthly end use tracking 

A. Selected end use is plotted in 
year 

B. Each end use is represented in 
different color. 

C. Lighting is constant 
throughout the year 

D. Oie chart showing actual end 
use 
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Area based sub-metering 

A. Each floor is sub 
metered 

B. Floor A has highest 
energy consumption 

C. Floor C has lowest 
energy Consumption 
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(A) Daily cost of each 
building is tracked and 
compared with similar 
building 

(B) The three buildings 
with high cost needs to 
be further investigated 

Portfolio accounting: Whole building annual cost 
per day 
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(A) Electricity carries energy and 
demand charges, for peak and 
non-peak time of use. 

(B) Total electric cost sum to 
$331,976.18 for the billing 
period shown. 

(C) Gas usage carries an energy 
charges, and a service charges, 
totaling $337,28.92. 

(D) Energy charges are determined 
by multiplying use by the unit 
charge.  

Typical Utility Bill Demonstrating Time of Use rate 
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(A) A new controls strategy carries a year 
0 cost or initial investment of $269.5K. 

(B) Annual energy cost saving are 
estimated at $133K. 

(C) General inflation is set at 4.0% and 
energy services increase at 3.5 %. 

(D) $8.4K in associated support cost begin 
accruing in second year. 

(E) IRR is 49% which is higher than the 
7.5% cost of the capital and indicating 
a sound investment. 

(F)  Net present value, return on 
investment and simple payback are 
$710K,49% and 2.32 years. 

Capital Budgeting Analysis- 
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Measure selection with NPV and IRR 

A. Occupancy sensor or time 
clock can be implemented 

B. Estimated energy savings 
and cost for each option 

C. IRR is good on both cases 
D. NPV for both options is 

calculated 
E. Since NPV of occupancy 

sensor is higher it is 
selected 
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Economics of energy Efficiency 
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Multi Site Campus Benchmarking 
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Energy Star Portfolio Manager 
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Energy Star Benchmarking for a portfolio 
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(A) Plug Load energy use for 
an academic building is 
plotted on the y-axis in 
kWh/sf-yr. 

(B) Within one year, the use 
was 3.03 kWh/sf-yr. 

(C) In the next year use grew 
6% , 3.21 kWh/sf-yr. 

Plug load Benchmarking for the Academic  Building  
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(A) A benchmarking chart for the 
ventilation metric W/cfm is 
generated form user inputs. 

(B) EUI for 18 peer buildings are shown 
in purple, hash patterns indicate 
estimates. 

(C) Each building’s lab area ratio is 
plotted and ranked from low to 
high. 

(D) The red lone indicates average 
ventilation in W/cfm for the peer 
group.  The W/cfm can be 
compared to the peer group’s avg, 
minimum, maximum. 

(E) Lower W/cfm are preferred. 
Efficiency can be improved with 
higher fan efficiency or lower 
pressure drop. 

  

Ventilation system benchmarking, W/cfm 
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Lighting System Benchmarking kWh/Sqft/yr 

A. Pear group data 
set is used for 
comparison 

B. Cumulative 
Frequency Plot 
gives ranking at 
41st percentile 
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Establishing Baseline and estimating savings 

A. Develop Baseline 1-6 
month 

B. Baseline anomaly 
detection in 6-12 month 

C. Energy efficiency 
initiative 

D. Baseline is used for 
savings estimation 

E. Data from 12-18 months 
is used to rebuilt the 
baseline 
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Plotting whole day load profile 

A. 24 hr load profile for the building 
C. Holidays and weekends are 57% lower than week days 
D. The smallest weekdays are on holidays 
The overlay thickness shows the load across year  
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(A) The load profile shows 
that overnight setback 
were relaxed. 

(B) Am peaks are far in 
excess of the midday 
peaks, leading to 
excessive demand 
charges. 

Load and cost impacts for 
the week were estimated 
at $3,130 & 870 kW. 

Night setback & morning Peaks- 
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(A) Nighttime load was-465 
kW nearly equal to the 
daytime peak of 520 kW. 

(B) Fan speed was reduced 
50 % form 12-7 AM, 
lowering the overnight 
load to 250 kW. 

(C) Resulting energy saving 
were 1840 kWh/day with 
associated cost saving of 
$ 92/day. 

 

Whole Building Electric load profile, Nighttime 
load 
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(A) W/sf is plotted for two 
commercial office 
building over a 24 hour 
period. 

(B) The national average for 
commercial building is 6 
W/sf. 

(C) One building peaks at 5 
kW/sf; lower than 
average. 

(D) The other building peaks 
at over 16 W/sf, 
indicating opportunities 
for improvement. 

  

Peak Load analysis- 
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(A) In a well sized building the 
110 F profile is similar to the 
90 F profile, with a higher 
peak. 

(B) In an undersized building 
the peak at 110 F equals 
that at 90 F and is reached 
early. 

(C) In addition, the peak has a 
high duration, lasting most 
of the day. 

Indoor temperature will be 
above set-point, reflecting 
inability to meet cooling loads.  

Peak Load Duration & Building 
Sizing- 
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(A) A one year load duration curve is 
plotted on the y axis. 

(B) The x-axis indicates the percent 
of time that the load was at or 
greater than the y-value. 

(C) The base load is never less that 
~40 kW and the maximum is 
about 135 kW. 

(D) The peak demand is above 
120kW only 2-3 % of the time 
throughout the year. 

The small portion of time that the 
demand is near the maximum 
indicates a potential opportunity to 
reduce peak demand charges.  

Load Duration & Peak Demand 
Charges- 
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(A) Building Load and PV array output 
plotted for a 24 hour period. 

(B) At night, PV production is zero and 
the building power is purchased for 
the utility. 

(C) Daytime load is entirely met by PV 
output and utility cost are avoided. 

(D) Net power is PV output less the 
building load. 

(E) The utility credits the owner for 
generation that exceeds site use 
(i.e. net power) 

(F) Short gaps in data may be common 
depending on the data acquisition 
system.   

Net Electric Monitoring- 
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(A) A 24 hour production profile 
is shown for a summer day. 

(B) Production peaks after noon 
as expected. 

(C) A 24 hour production profile 
form the same array is shown 
for a winter day. 

(D) Array production drops after 
noon. 

This winter profile with afternoon 
drop off reflects a low sun angle. 

Seasonal and site Influence on Array 
Production- 
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A loading histogram is shown for an 
year for a 220 ton chiller. 
(A) 220 is available but only 35-55 tons 

are required most of the year. 
(B) Only 13% of load hour are at 75 

tons or greater. 
(C) The highest observed load (hours 

steady state averages) were 
around 165 tons. 

(D) The ideal design would have been 
a 75/100 tons combination. 

A 100 tons unit could save $3,411/yr 
but was cost prohibitive at $25k. 

 

Chiller Retrofit Analysis- 
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(A) A loading histogram is shown for two constant 
speed 300 tons chillers. 

(B) 50% of the operating hours are at 20 % load or 
less and 75 % are at 40 % load or less. 

(C) At these low loads the average plant efficiency 
was poor at 1.43 kW/ton (solid curve). 

The chillers were retrofit with two 150 ton 
compressors with high part load efficiency. 
Variable frequency drive and controls optimization 
software were also installed. 

(D) The retrofit increased the average plant 
efficiency to 0.69 kW/ ton (dashed curve).  

Annual energy demand and cost saving were 637 
MWh 37 kW and $136000, with utility incentives, 
the project paid back in less than three years. 

 

 

Loading Histogram and Efficiency before & 
after 
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Plug load analysis 

A. Plug load analysis is shown 
for a period of four years 

B. Number of occupants 
increases over a four year 
tracking period 

C. Energy use normalized by 
number of occupants in the 
building 
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Lighting load analysis 

A. Lighting load on monthly 
basis 

B. Number of business days per 
month 

C. Energy use in lighting 
normalized for business days 
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Peak demand analysis with outside temp 
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(A) One week of modeled (thick line) 
and metered data (thin line) is 
plotted for Mon-Fri. 

(B) Three demand response events are 
indicated in vertical dashed lines. 

The difference between the baseline 
and actual use reflects the DR load shed. 

(C) The load shed on the first day was 
small indicated by the closeness of the 
two lines. 

(D) On the second day DR day ~50 kW 
was shed through the second half of the 
DR period. 

(E) On the third day DR ~25 kW was 
shed through the entire DR period. 

Evaluating Demand Response (DR) Effectiveness- 
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Analyzing lighting demand trends 

Divide total lighting 
demand by total 
installed lighting power 
and trend it over time. 
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(A) Low occupancy during the holiday 
results in a low value of 5% of 
installed load. 

(B) Standard occupancy resumes. 
Average daily peak is 80% of the 
installed load. 

(C) Lower occupancy rates on last days 
in a peak of 75% of the installed 
load. 

(D) End of the week is twice that of 
holiday  with a value of 10% of the 
installed load. 

(E)  The average over this whole month 
period was 20% of the installed load. 

 

 

Whole Building Lighting Efficiency, Manual Control and Occupancy sensors- 
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Area Based Sub-metering 
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(A) Chiller efficiency vs. production is plotted 
for a typical office building in a mild climate. 
This profile shows good behavior from a 
well controlled system. 

(B) The curve flattens at chillers load>100 tons 
making the desired operational region. 

(C) Below 100 tons efficiency decrease steeply 
marking an undesired operational region. 

A higher degree of scatter in the points would 
reveal poor performance. 

 Departure from this shape profile would also 
reveal poor performance. In general downwards 
shifts along the y axis are preferred marking 
higher efficiency.  

Chiller kW/ton Vs. Tons, Efficient Operation-  
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(A) A hospital experienced high energy 
consumption on a Monday in late April 
during the daily peak demand period. 

(B) The spike in energy use led to a $ 300 
peak demand charge. 

Hospital staff discovered that the demand 
charge resulted from chiller performance 
testing in preparation for the summer 
cooling period and chilled is retested for 
non peak hours to avoid  future demand 
charges. 

  

Avoiding Excessive Peak Demand 
Charges- 



FIRSTGREEN 

Distribution of loads and their operational hours 

Moist frequent loads are at 40-60 
tons and 60-80 tons. 
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Questions ?? 
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