C&RD Deemed Calculation for C&I Low Voltage Transformers

Purpose: This discussion and protocol is for a deemed calculation of a C&RD credit for the purchase of new

 low -voltage (<600Volts), dry-type (insulation) transformer for commercial or industrial uses.  Because of their large numbers and near-constant use, very small improvements in energy efficiency can amount to sizable kWh savings over the life of a transformer. (Based on 1992 FERC data, there were at least 769,000 transformers in service in the region (average size: 80 kVA, average number of customers: 2.97)

1) A C&RD deemed calculation for low voltage transformers requires:  

a) KWh savings per year, based on differences in losses

b) Measure life in years: typically the life of a building, or 30 years.

c) Sector or building load profile based on flat load, or some better measures

2) KWh savings for C&I transformers are based on differences in standard transformers with low purchase price, and higher priced transformers that meet the NEMA-TP1 (Energy Star) efficiency standard.  The TP1 standard has higher energy conversion efficiency in the form of less core and winding losses. 

3) In order to determine energy losses a user has to specify the average load level that the transformer is likely to be operating at.  The average or actual load (in % of nameplate capacity load) determines winding losses.  The average load is raised to the power 2.19 to take account of the fact that winding losses are roughly proportional to the square of the current in the windings. The resulting winding loss is added to core losses that are provided by the manufacturer’s nameplate to arrive at total losses. In sum: 

 Total Losses =  [ Core losses (watts) +

(%Load)^2.19* Winding Losses at Full Capacity (watts)*8760]/1000

For example, if core losses are 600W and winding losses are 2,500W at capacity and the average load is 16%, then winding losses are less than 2% of total capacity losses or 50W.  Core losses at 600W would exceed winding losses by a 14:1 ratio. However, at high load levels (e.g., 60%+), winding losses would dominate core losses.  Low temperature rise (80C) transformers, in particular, are much more efficient at high load use.

4) To calculate kWh saving, manufacturer information on core and winding losses and temperature rise are usually nameplate data.  The user must provide average load use to calculate losses. The vast majority of low voltage transformers are rated 150C.  

5) Low voltage transformers for most uses step down 480 V current to 277V for lighting systems and to 208(3 phases) and 120V (single phase) for plug load, task lights, computers, printers, refrigerators and small equipment.

6) Average Load levels: a Massachusetts/New York study done by Cadmus Group for NEEP metered 89 low voltage transformers in five building types and found surprisingly low average load levels by building type. The average for all sectors was 16 % (of nameplate capacity):

· Universities
  16.3%

· Health Care
  17.6%

· Manufacturing
  14.1%

· Office

  14.6%

· Retail

  17.0%

7) Transformer sizes vary between 15kVA, 30, 45, 75, 112.5, 150 and 225. The majority of new transformers are in the 45-75kVA sizes.  The NEEP study indicated an average load by transformer size as: 

· 15-30 kVA
 23.4 % 

· 45 kVA

 15.6 %

· 75 kVA

 14.0 % 

· 112.5-150 kVA
 12.3 %

· 225-300 kVA
 19.9 %  

8) The NYSERDA low voltage Transformer Comparison Calculator provides manufacturer model number and core and winding losses at capacity.  The calculator provides kWh savings for two optional transformers relative to a default model. The user can specify the default model. The software also includes manufacturer contact information in order to get to update nameplate information.

9) Figuring the C&RD Credit:  Assuming a 30 year measure life, and a flat load profile for  “Other Sector” applications, the rate credit would be $0.44 per annual kWh. Thus, for a 75kVA transformer:

DEFAULT CASE: (Default Cost $1,144) Standard Transformer with average load 16% and losses: Core Loss: 548W;  FLWindingLoss: 2792W;  Actual Winding Loss: 50W.  

TP1 TRANSFORMER CASE:  (Cost = $2,000 +/-25 %)

Examples of TP1 Transformers:

· MIN CORE LOSS: 
   70W;      KWH Savings:  4204W;
  Credit: $1850

· MAX CORE LOSS:    385W:      KWH Savings:  1690W; 
  Credit:   $744

· MIN WIND LOSS:   1090W:     KWH Savings:  1690W; 
   Credit:   $744

· MAX WIND LOSS: 3131W:
    KWH Savings:   2864W; 
   Credit: $1260

ISSUES: 

· Split versus combined calculation tools/ Differences in load factor definition 

· Impact of state code TP1 requirement

· Metering: what to use for load factor? (NEEP study for 5 sectors?)

· C&I Load Profiles for C&I rate credit

· Measure life for pole transformers

· ________________________________________

· c:\documents and settings\saulter\my documents\transformers\sumc&i lowvoltagetransformers.doc (Ken Saulter)
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