
ECE 5984: Power Distribution System Analysis

Lecture 2: Load Allocation across a Feeder
Reference: Textbook, Chapter 2

Instructor: V. Kekatos
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Facts
• In transmission systems, load forecasting is pretty accurate (law of large numbers)
• In distribution systems, load exhibits higher variability

Motivation for allocating load
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Problem
• Study variations of individual and aggregate loads, in particular their max values

Why? 
• To size equipment (transformers) and study voltage drops 



• Demand: load (kW, kVA, kVAR, A) averaged over a time period (e.g., 15 min)

Individual customer load 
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• Individual loads vary significantly; interested in the maximum 
• Characterize variability for transformer sizing; load allocation; voltage drops

example: the 15-min demand ending at 6:30 pm is 4.75 kW



Average and maximum demand
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• Collect demands across time for customer n: {dn,t}Tt=1

• Average demand example : d̃1 = 2.46 kWd̃n :=
1

T

TX

t=1

dn,t
<latexit sha1_base64="x5wsFQ0W8L/+Y6tVMcASJ9ZBy9I="></latexit><latexit sha1_base64="x5wsFQ0W8L/+Y6tVMcASJ9ZBy9I="></latexit><latexit sha1_base64="x5wsFQ0W8L/+Y6tVMcASJ9ZBy9I="></latexit><latexit sha1_base64="x5wsFQ0W8L/+Y6tVMcASJ9ZBy9I="></latexit>

• Maximum demand d̄n := max
t

{dn,t}
<latexit sha1_base64="rpgqjKcwJotPZ2A11WoCQRci+Ao=">AAACA3icZVBNS8QwEE39dv2qevRgcBE8LEsrgiIIghePCq4u2FLSNLsbTNKSTMWl9Li/Zm+iR3+CP8B/Y7rbg+sOhHl5M5PJe3EmuAHP+3EWFpeWV1bX1hsbm1vbO+7u3qNJc01Zh6Yi1d2YGCa4Yh3gIFg304zIWLCn+OWmqj+9Mm14qh5gmLFQkr7iPU4JWCpyD4OY6CIpI3V5FUjyFhVQ4qBIokK1oAzKyG16bW8SeB74NWiiOu4i9ztIUppLpoAKYsyz72UQFkQDp4KVjSA3LCP0hfTZs4WKSGbCYiKkxMeWSXAv1fYowBP270RBpJEEBi2bzVDGVYaBbPWZqq72gapqZpdA7yIsuMpyYIpOd/RygSHFlSE44ZpREEMLCNXcfhPTAdGEgrWtYfX7/9XOg8fTtu+1/fuz5rVfO7GGDtAROkE+OkfX6BbdoQ6iaITG6AN9OiNn7Lw7H9PWBaee2Ucz4Xz9AqoamBM=</latexit><latexit sha1_base64="rpgqjKcwJotPZ2A11WoCQRci+Ao=">AAACA3icZVBNS8QwEE39dv2qevRgcBE8LEsrgiIIghePCq4u2FLSNLsbTNKSTMWl9Li/Zm+iR3+CP8B/Y7rbg+sOhHl5M5PJe3EmuAHP+3EWFpeWV1bX1hsbm1vbO+7u3qNJc01Zh6Yi1d2YGCa4Yh3gIFg304zIWLCn+OWmqj+9Mm14qh5gmLFQkr7iPU4JWCpyD4OY6CIpI3V5FUjyFhVQ4qBIokK1oAzKyG16bW8SeB74NWiiOu4i9ztIUppLpoAKYsyz72UQFkQDp4KVjSA3LCP0hfTZs4WKSGbCYiKkxMeWSXAv1fYowBP270RBpJEEBi2bzVDGVYaBbPWZqq72gapqZpdA7yIsuMpyYIpOd/RygSHFlSE44ZpREEMLCNXcfhPTAdGEgrWtYfX7/9XOg8fTtu+1/fuz5rVfO7GGDtAROkE+OkfX6BbdoQ6iaITG6AN9OiNn7Lw7H9PWBaee2Ucz4Xz9AqoamBM=</latexit><latexit sha1_base64="rpgqjKcwJotPZ2A11WoCQRci+Ao=">AAACA3icZVBNS8QwEE39dv2qevRgcBE8LEsrgiIIghePCq4u2FLSNLsbTNKSTMWl9Li/Zm+iR3+CP8B/Y7rbg+sOhHl5M5PJe3EmuAHP+3EWFpeWV1bX1hsbm1vbO+7u3qNJc01Zh6Yi1d2YGCa4Yh3gIFg304zIWLCn+OWmqj+9Mm14qh5gmLFQkr7iPU4JWCpyD4OY6CIpI3V5FUjyFhVQ4qBIokK1oAzKyG16bW8SeB74NWiiOu4i9ztIUppLpoAKYsyz72UQFkQDp4KVjSA3LCP0hfTZs4WKSGbCYiKkxMeWSXAv1fYowBP270RBpJEEBi2bzVDGVYaBbPWZqq72gapqZpdA7yIsuMpyYIpOd/RygSHFlSE44ZpREEMLCNXcfhPTAdGEgrWtYfX7/9XOg8fTtu+1/fuz5rVfO7GGDtAROkE+OkfX6BbdoQ6iaITG6AN9OiNn7Lw7H9PWBaee2Ucz4Xz9AqoamBM=</latexit><latexit sha1_base64="rpgqjKcwJotPZ2A11WoCQRci+Ao=">AAACA3icZVBNS8QwEE39dv2qevRgcBE8LEsrgiIIghePCq4u2FLSNLsbTNKSTMWl9Li/Zm+iR3+CP8B/Y7rbg+sOhHl5M5PJe3EmuAHP+3EWFpeWV1bX1hsbm1vbO+7u3qNJc01Zh6Yi1d2YGCa4Yh3gIFg304zIWLCn+OWmqj+9Mm14qh5gmLFQkr7iPU4JWCpyD4OY6CIpI3V5FUjyFhVQ4qBIokK1oAzKyG16bW8SeB74NWiiOu4i9ztIUppLpoAKYsyz72UQFkQDp4KVjSA3LCP0hfTZs4WKSGbCYiKkxMeWSXAv1fYowBP270RBpJEEBi2bzVDGVYaBbPWZqq72gapqZpdA7yIsuMpyYIpOd/RygSHFlSE44ZpREEMLCNXcfhPTAdGEgrWtYfX7/9XOg8fTtu+1/fuz5rVfO7GGDtAROkE+OkfX6BbdoQ6iaITG6AN9OiNn7Lw7H9PWBaee2Ucz4Xz9AqoamBM=</latexit>

example : d̄1 = 6.19 kW at 13:15
<latexit sha1_base64="eEVtCYxHrDv6YiEGW0eP2HizzUA="></latexit><latexit sha1_base64="eEVtCYxHrDv6YiEGW0eP2HizzUA="></latexit><latexit sha1_base64="eEVtCYxHrDv6YiEGW0eP2HizzUA="></latexit><latexit sha1_base64="eEVtCYxHrDv6YiEGW0eP2HizzUA="></latexit>

How to calculate monthly energy consumption?



Load factor and demand factor
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• Load factor

LF=1 is ideal for better utilization of facilities

• Demand factor

percentage of electrical devices that are on when maximum demand occurs

Characterized load for one customer. How about aggregated load in a distribution transformer 
serving 5-50 customers?

<latexit sha1_base64="2MG/SNG8BJfuPPFI5AKunvrz6m0="></latexit>

example : LF1 =
d̃1
d̄1

=
2.46 kW

6.19 kW
= 0.40

<latexit sha1_base64="LXaqN00qz3bvErlUKmfd0V85Y5A=">AAACFHicZVBNSwMxEM36WetX1aOXYBE8lLIriiIIBUE8eFCwKrilZLOzbTCbXZNZsSz9G/01vUm96d1/Y7btQe1AmJc3M5m8F6RSGHTdb2dufmFxabm0Ul5dW9/YrGxt35sk0xyaPJGJfgyYASkUNFGghMdUA4sDCQ/B80VRf3gFbUSi7rCXQitmHSUiwRlaql1xfYQ3zK8v+211du5HmvHcRyFDyENL9XM/YHoCfQkv1GtXqm7dHQedBd4UVMk0btqVTz9MeBaDQi6ZMU+em2IrZxoFl9Av+5mBlPFn1oEnCxWLwbTysbI+3bdMSKNE26OQjtnfEzmLTcywW7PZ9OKgyNiNax1QxdU+UFTN3yUYnbZyodIMQfHJjiiTFBNaOERDoYGj7FnAuBb2m5R3mTUGrY9lq9/7r3YW3B/WveO6e3tUbdSnTpTILtkjB8QjJ6RBrsgNaRJOBmRIRuTDGThD590ZTVrnnOnMDvkTztcPfECfng==</latexit>

LFn :=
d̃n
d̄n

 1

<latexit sha1_base64="R7KAU3BxNi5i7MIFvgiHotW7hJ8="></latexit>

Demand factor :=
maximum customer demand

sum of device ratings
=

6.19 kW

35 kW
= 0.18  1



Load surveys
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• We are metering energy monthly (billing); but do not know user maximum

• Interested in maxima to determine transformer ratings

• Install meters over selected customers and use linear regression to find a linear 
transformation between monthly energy consumption and maximum demand

<latexit sha1_base64="HRCU8moZ2HtUxEgSNxUswbzjHXE="></latexit>

d̄n ' ↵ · d̃n + �

such studies are now much 
easier with smart meter data



Load at distribution transformer
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Customer #1

Customer #2

Customer #3

Customer #4
Diversified demand: sum of customer demands

<latexit sha1_base64="ZQhG7byDiZiPxahDdPgIQPUMQzI=">AAACCHicZVDLSgMxFM3UV62vqks3wSq4KGVGFN0UCm5cSQX7gLYOmUymDU0yQ5IRyjA/0K/pTurSvR/g35hpB7T2Qrgn576PFzGqtG1/W4WNza3tneJuaW//4PCofHzSVmEsMWnhkIWy6yFFGBWkpalmpBtJgrjHSMcbP2TxzhuRiobiRU8iMuBoKGhAMdKGcssXfY70yAsSP633VczdRNSd9PUJ/vKuSavYNXthcB04OaiA3Jpu+avvhzjmRGjMkFI9x470IEFSU8xIWurHikQIj9GQ9AwUiBM1SBbXpPDSMD4MQmme0HDB/q1IEFfZclXj1YR7mdcjXh0SkX1NgyyqVofo4H6QUBHFmgi8nBHEDOoQZqpAn0qCNZsYgLCkZk2IR0girI12JXO/8//addC+rjm3Nfv5ptKo5UoUwRk4B1fAAXegAR5BE7QABlMwA3PwYU2tmfVuzZepBSuvOQUrZn3+AGYomh0=</latexit>

d =
NX

n=1

dn



Load duration curve
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• Sort diversified demand to evaluate transformer stress

• Each bar corresponds to 15min/24h=1.04% 

• Example: 22% of the time, the transformer serves more than 12 kW

<latexit sha1_base64="tjDYS/DmaoL8V+mrN4w6iLEctHg=">AAACJnicZVBNSwMxEM3W7/pV9eglWJQKteyKohehqIjHClYL3aVks9M2NMmuSVYoS/+Pf8beRL35U8zWHqwOhHl5k8nMe2HCmTau++kU5uYXFpeWV4qra+sbm6Wt7Qcdp4pCk8Y8Vq2QaOBMQtMww6GVKCAi5PAYDq7y+uMzKM1ieW+GCQSC9CTrMkqMpTqlS18Q01cia6hR+9rvwROOgoML72iW5xPe94u/S1fXN6NKdNgpld2aOwn8H3hTUEbTaHRKr34U01SANJQTrduem5ggI8owymFU9FMNCaED0oO2hZII0EE20TrC+5aJcDdW9kiDJ+zvjowIne9XtVkPRZhn0xfVHsj8aj/Iq3p2iOmeBxmTSWpA0p8Z3ZRjE+PcMxwxBdTwoQWEKmbXxLRPFKHGOlu0+r2/av+Dh+Oad1pz707K9drUiWW0i/ZQBXnoDNXRLWqgJqLoBY3RO/pwXpyx8+a8/zwtONOeHTQTztc3ZGqkUw==</latexit>

Pr[D � d] = 1� Pr[D  d]

= 1� CDF(d)



Maximum demand for load aggregations
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• Maximum diversified demand (max of sum)

• Maximum non-coincident diversified demand (sum of max)

Per-customer maxima do not necessarily occur at the same time …

• Diversity factor

[why?]

Why do we care about the max non-coincident diversified demand?

<latexit sha1_base64="3TL2mPyAjLq9iQ9zshtqW0zCQII="></latexit>

d̂ :=
NX

n=1

d̄n =
NX

n=1

max
t

{dn,t} example : d̂ = 6.18 + 6.82 + 4.93 + 7.05 = 24.98 kW

<latexit sha1_base64="EHxk6F/Xgttl0wd7udMDi8lH8Ok="></latexit>

d̄ := max
t

{dt} = max
t

(
NX

n=1

dn,t

)
example : d̄ = 16.16 kW at 17:30

<latexit sha1_base64="UChxV1cVncZ5pvjWdv1aEv9E9kU="></latexit>

DF :=
d̂

d̄
� 1 example : DF =

d̂

d̄
= 1.55



Diversity factors
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• Maximum diversified demand is hard to measure

• We usually know max demand per customer (metered or inferred from bill)

§ record     at specific network locations
§ record           for all customers downstream these locations 

• How to translate from d̂ ! d̄?

• Calculate diversity factors DF experimentally

d̄

{d̄n}

DFN

N



Recap
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1. For each customer, either directly meter max demand      , or use linear regression 
from customer’s total demand (monthly bills)

2. Sum per-customer maxima to find

3. Use experimentally estimated DFN to find max diversified demand

d̄n
<latexit sha1_base64="k0uaCk9VoaLCVEXWuU4+98+QzvE=">AAAB63icZVBNSwMxEM3Wr1q/qh69LBbBQym7Iuix4MVjBfsh7VKy2WkbmmSXZFYoS39Fb1KP/hx/gP/GbLsHax+EeXmTycybMBHcoOf9OKWd3b39g/Jh5ej45PSsen7RMXGqGbRZLGLdC6kBwRW0kaOAXqKBylBAN5w+5fnuO2jDY/WKswQCSceKjzijaKW3QUh1Fs2HaliteQ1vBXeb+AWpkQKtYfV7EMUslaCQCWpM3/cSDDKqkTMB88ogNZBQNqVj6FuqqAQTZKuB5+6NVSJ3FGt7FLor9W9FRqWRFCd1G81MhnnEiayPQeVX+0GeNZtNcPQYZFwlKYJi6x6jVLgYu7lxN+IaGIqZJZRpbsd02YRqytCup2L9+//dbpPOXcP3Gv7Lfa3pF5sokytyTW6JTx5IkzyTFmkTRiRZkCX5dKSzcD6c5fppySlqLskGnK9fp0yOiQ==</latexit><latexit sha1_base64="k0uaCk9VoaLCVEXWuU4+98+QzvE=">AAAB63icZVBNSwMxEM3Wr1q/qh69LBbBQym7Iuix4MVjBfsh7VKy2WkbmmSXZFYoS39Fb1KP/hx/gP/GbLsHax+EeXmTycybMBHcoOf9OKWd3b39g/Jh5ej45PSsen7RMXGqGbRZLGLdC6kBwRW0kaOAXqKBylBAN5w+5fnuO2jDY/WKswQCSceKjzijaKW3QUh1Fs2HaliteQ1vBXeb+AWpkQKtYfV7EMUslaCQCWpM3/cSDDKqkTMB88ogNZBQNqVj6FuqqAQTZKuB5+6NVSJ3FGt7FLor9W9FRqWRFCd1G81MhnnEiayPQeVX+0GeNZtNcPQYZFwlKYJi6x6jVLgYu7lxN+IaGIqZJZRpbsd02YRqytCup2L9+//dbpPOXcP3Gv7Lfa3pF5sokytyTW6JTx5IkzyTFmkTRiRZkCX5dKSzcD6c5fppySlqLskGnK9fp0yOiQ==</latexit><latexit sha1_base64="k0uaCk9VoaLCVEXWuU4+98+QzvE=">AAAB63icZVBNSwMxEM3Wr1q/qh69LBbBQym7Iuix4MVjBfsh7VKy2WkbmmSXZFYoS39Fb1KP/hx/gP/GbLsHax+EeXmTycybMBHcoOf9OKWd3b39g/Jh5ej45PSsen7RMXGqGbRZLGLdC6kBwRW0kaOAXqKBylBAN5w+5fnuO2jDY/WKswQCSceKjzijaKW3QUh1Fs2HaliteQ1vBXeb+AWpkQKtYfV7EMUslaCQCWpM3/cSDDKqkTMB88ogNZBQNqVj6FuqqAQTZKuB5+6NVSJ3FGt7FLor9W9FRqWRFCd1G81MhnnEiayPQeVX+0GeNZtNcPQYZFwlKYJi6x6jVLgYu7lxN+IaGIqZJZRpbsd02YRqytCup2L9+//dbpPOXcP3Gv7Lfa3pF5sokytyTW6JTx5IkzyTFmkTRiRZkCX5dKSzcD6c5fppySlqLskGnK9fp0yOiQ==</latexit><latexit sha1_base64="k0uaCk9VoaLCVEXWuU4+98+QzvE=">AAAB63icZVBNSwMxEM3Wr1q/qh69LBbBQym7Iuix4MVjBfsh7VKy2WkbmmSXZFYoS39Fb1KP/hx/gP/GbLsHax+EeXmTycybMBHcoOf9OKWd3b39g/Jh5ej45PSsen7RMXGqGbRZLGLdC6kBwRW0kaOAXqKBylBAN5w+5fnuO2jDY/WKswQCSceKjzijaKW3QUh1Fs2HaliteQ1vBXeb+AWpkQKtYfV7EMUslaCQCWpM3/cSDDKqkTMB88ogNZBQNqVj6FuqqAQTZKuB5+6NVSJ3FGt7FLor9W9FRqWRFCd1G81MhnnEiayPQeVX+0GeNZtNcPQYZFwlKYJi6x6jVLgYu7lxN+IaGIqZJZRpbsd02YRqytCup2L9+//dbpPOXcP3Gv7Lfa3pF5sokytyTW6JTx5IkzyTFmkTRiRZkCX5dKSzcD6c5fppySlqLskGnK9fp0yOiQ==</latexit>

d̃n
<latexit sha1_base64="b8ovXiyISZXm+r08DQ+dGBuV8Fs=">AAAB7XicZVBNSwMxEM36WetX1aOXxSJ4KGVXBD0WvHisYD+gXUo2O9uGZpMlmRXK0p/Rm9Sjv8Yf4L8x2+7B2gdhXt5kMvMmTAU36Hk/zs7u3v7BYeWoenxyenZeu7jsGpVpBh2mhNL9kBoQXEIHOQropxpoEgrohdPnIt97B224km84SyFI6FjymDOKVhoMkYsI8mg+kqNa3Wt6K7jbxC9JnZRoj2rfw0ixLAGJTFBjBr6XYpBTjZwJmFeHmYGUsikdw8BSSRMwQb4aee7eWiVyY6Xtkeiu1L8VOU1MQnHSsNHMkrCIOEkaY5DF1X5QZM1mE4yfgpzLNEOQbN0jzoSLyi2suxHXwFDMLKFMczumyyZUU4Z2QVXr3//vdpt075u+1/RfH+otv9xEhVyTG3JHfPJIWuSFtEmHMKLIgizJp6OchfPhLNdPd5yy5opswPn6BUQYj3o=</latexit><latexit sha1_base64="b8ovXiyISZXm+r08DQ+dGBuV8Fs=">AAAB7XicZVBNSwMxEM36WetX1aOXxSJ4KGVXBD0WvHisYD+gXUo2O9uGZpMlmRXK0p/Rm9Sjv8Yf4L8x2+7B2gdhXt5kMvMmTAU36Hk/zs7u3v7BYeWoenxyenZeu7jsGpVpBh2mhNL9kBoQXEIHOQropxpoEgrohdPnIt97B224km84SyFI6FjymDOKVhoMkYsI8mg+kqNa3Wt6K7jbxC9JnZRoj2rfw0ixLAGJTFBjBr6XYpBTjZwJmFeHmYGUsikdw8BSSRMwQb4aee7eWiVyY6Xtkeiu1L8VOU1MQnHSsNHMkrCIOEkaY5DF1X5QZM1mE4yfgpzLNEOQbN0jzoSLyi2suxHXwFDMLKFMczumyyZUU4Z2QVXr3//vdpt075u+1/RfH+otv9xEhVyTG3JHfPJIWuSFtEmHMKLIgizJp6OchfPhLNdPd5yy5opswPn6BUQYj3o=</latexit><latexit sha1_base64="b8ovXiyISZXm+r08DQ+dGBuV8Fs=">AAAB7XicZVBNSwMxEM36WetX1aOXxSJ4KGVXBD0WvHisYD+gXUo2O9uGZpMlmRXK0p/Rm9Sjv8Yf4L8x2+7B2gdhXt5kMvMmTAU36Hk/zs7u3v7BYeWoenxyenZeu7jsGpVpBh2mhNL9kBoQXEIHOQropxpoEgrohdPnIt97B224km84SyFI6FjymDOKVhoMkYsI8mg+kqNa3Wt6K7jbxC9JnZRoj2rfw0ixLAGJTFBjBr6XYpBTjZwJmFeHmYGUsikdw8BSSRMwQb4aee7eWiVyY6Xtkeiu1L8VOU1MQnHSsNHMkrCIOEkaY5DF1X5QZM1mE4yfgpzLNEOQbN0jzoSLyi2suxHXwFDMLKFMczumyyZUU4Z2QVXr3//vdpt075u+1/RfH+otv9xEhVyTG3JHfPJIWuSFtEmHMKLIgizJp6OchfPhLNdPd5yy5opswPn6BUQYj3o=</latexit><latexit sha1_base64="b8ovXiyISZXm+r08DQ+dGBuV8Fs=">AAAB7XicZVBNSwMxEM36WetX1aOXxSJ4KGVXBD0WvHisYD+gXUo2O9uGZpMlmRXK0p/Rm9Sjv8Yf4L8x2+7B2gdhXt5kMvMmTAU36Hk/zs7u3v7BYeWoenxyenZeu7jsGpVpBh2mhNL9kBoQXEIHOQropxpoEgrohdPnIt97B224km84SyFI6FjymDOKVhoMkYsI8mg+kqNa3Wt6K7jbxC9JnZRoj2rfw0ixLAGJTFBjBr6XYpBTjZwJmFeHmYGUsikdw8BSSRMwQb4aee7eWiVyY6Xtkeiu1L8VOU1MQnHSsNHMkrCIOEkaY5DF1X5QZM1mE4yfgpzLNEOQbN0jzoSLyi2suxHXwFDMLKFMczumyyZUU4Z2QVXr3//vdpt075u+1/RfH+otv9xEhVyTG3JHfPJIWuSFtEmHMKLIgizJp6OchfPhLNdPd5yy5opswPn6BUQYj3o=</latexit>

<latexit sha1_base64="326B/IlyXw1MXgeHDEJVo7nLT9Y=">AAACA3icZVDLSsNAFJ34rPVVdenCYBFclJCIoptCwY0rqWAf0MQymU7aoTOTMHMjlNBlv6Y7qUs/wQ/wb5y0XVh7Ybjnnvuae8KEMw2u+2NtbG5t7+wW9or7B4dHx6WT06aOU0Vog8Q8Vu0Qa8qZpA1gwGk7URSLkNNWOHzM8613qjSL5SuMEhoI3JcsYgSDobqlC3+AIeuN356rvk5FN5NVzwR+iJVhu6ai7Dru3Ox14C1BGS2t3i19+72YpIJKIBxr3fHcBIIMK2CE03HRTzVNMBniPu0YKLGgOsjmh4ztK8P07ChW5kmw5+zfjgwLLTAMKsbrkQhzDwNR6VOZh2ZAntWrSyB6CDImkxSoJIsdUcptiO1cELvHFCXARwZgopj5pk0GWGECRraiud/7f+06aN443p3jvtyWa85SiQI6R5foGnnoHtXQE6qjBiJogqZohj6tiTW1PqzZonTDWvacoRWzvn4Bk7qYBQ==</latexit>

d̂N =
NX

n=1

d̄n

<latexit sha1_base64="AN+KFriciv2Je2JLsznJV0SGZY8=">AAACC3icZVBNS8NAEN3Ur1q/oh69BIvooZREFL0IBUU8iYKtQlPLZjtpl242YXcilpCf0F/Tm+jRoz/Af+Om9uDHwDJv3uzs7HtBIrhG1/20SnPzC4tL5eXKyura+oa9udXScaoYNFksYvUQUA2CS2giRwEPiQIaBQLug+F50b9/AqV5LO9wlEAnon3JQ84oGqpr7/sBVVkvf7w+80NFWeYPKE7rPPMRnjG7uMy713nXrrp1dxrOf+DNQJXM4qZrf/i9mKURSGSCat323AQ7GVXImYC84qcaEsqGtA9tAyWNQHeyqaDc2TNMzwljZY5EZ8r+nMhopCOKg5rJehQFRcZBVOuDLErzQNHVv5dgeNrJuExSBMm+d4SpcDB2CmOcHlfAUIwMoExx802HDaixBI19FaPf+6v2P2gd1r3junt7VG3UZ06UyQ7ZJQfEIyekQa7IDWkSRsZkQl7JmzW2JtaL9fp9tWTNZrbJr7DevwB3gZvc</latexit>

d̄N =
d̂N

DFN

We will next see three methods to allocate loads and calculate voltage drops



1) Load allocation using diversity factors
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Example 2.1: Analyze a single-phase lateral
Given: a) monthly energy usage per customer; assume 0.9 PF lagging

b) load survey shows that 
c) diversity factors (see graph two slides earlier)

Wanted:max diversified demand for each transformer and line segment 

33.7 kVA 39.4 kVA 54.4 kVA

54.4 kVA80.77 kVA103.22 kVA

KCL load does not apply with max aggregated (real or apparent) powers!

Transformer ratings:
T1: 25 kVA
T2: 37.5 kVA
T3: 50 kVA

<latexit sha1_base64="I5sBNr2EZ0nD4Pfy75uiCd4pcWs="></latexit>

d̄n = 0.2 + 0.008 ·monthly energy bill [kWh]

<latexit sha1_base64="7/ce96aEO8k9MVZf56Q8WWdsYqc=">AAAB+3icZVBNS8NAEN34WetX1YMHL8EieCghEUWPBS8eK9gPaErZbCbt0s0m7E6EEvJrepN69Gf4A/w3btoerB1Y5u2bmZ19L0gF1+i6P9bW9s7u3n7loHp4dHxyWjs77+gkUwzaLBGJ6gVUg+AS2shRQC9VQONAQDeYPJf17jsozRP5htMUBjEdSR5xRtFQw9qlj1yEkIfFUPp+1Q+oWuBhre467iLsTeCtQJ2sojWsffthwr IYJDJBte57boqDnCrkTEBR9TMNKWUTOoK+gZLGoAf5QkBh3xgmtKNEmSPRXrB/J3Ia65jiuGGynsZBmXEcN0Ygy6t5oKzq9SUYPQ1yLtMMQbLljigTNiZ2aYQdcgUMxdQAyhQ337TZmCrK0NhVNfq9/2o3QefO8R4c9/W+3nRWTlTIFbkmt8Qjj6RJXkiLtAkjBZmROfm0CmtmfVjzZeuWtZq5IGthff0CfAGUoA==</latexit>

d̃n

d̄n



Voltage drop using diversity factors
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Example: Find voltage at each transformer assuming VN1=2.4 kV 

33.7 kVA 39.4 kVA 54.4 kVA

54.4 kVA80.77 kVA103.22 kVA

zline = 0.3 + j0.6 ⌦/mile

5, 000 ft 500 ft 750 ft

1 mile = 5, 280 ft

232.15 V [3.27%] 233.1 V [2.92%] 232.7 V [3.04%]

T1 : 25 kVA, 2400� 240 V, Z = 1.8\40�%
T2 : 37.5 kVA, 2400� 240 V, Z = 1.9\45�%
T3 : 50 kVA, 2400� 240 V, Z = 2.0\50�%



2) Transformer load management
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d1) DFN’s for different N
d2) customer maxima; and 
d3) customer assignment to transformers

• Training stage

- Collect historical data from transformers
- Fit a linear regression model matching monthly energy served to peak demand

• Operational stage

- Knowing d3) and customer bills, find total energy to be served

- Using the trained model, predict max demand

• Transformer load management is a simpler but less accurate method
– relies on the fact that transformers are metered in greater detail

• The method of diversity factors requires knowing



3) Allocation factors
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Easier to implement, but good only for voltage drop calculations; since it assumes 
load has been allocated to XFMs properly

Distribute maximum feeder demand on transformers based on their rating

allocation factor

Example: Re-allocate load assuming maximum demand at feeder is 92.9 kW

22.94 kVA 34.41 kVA 45.88 kVA

<latexit sha1_base64="NmHHzV+T0kbDKjJ3+dyEZ3y1HDs="></latexit>

d̄Tk = d̄feeder ⇥
kVATkP
m kVATm



Voltage drop using allocation factors
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Example: Find XFM voltages using allocation factors

• Due to linearity of allocation factors, KCL now holds for line segments

Does this method yield the actual voltages assuming demands are correct?

92.9 + j45 kVA 72.3 + j35 kVA

31 + j15 kVA21 + j10 kVA

41.3 + j20 kVA

41.3 + j20 kVA

233.5\� 0.9� V233.7\� 0.8� V234.0\� 0.6� V

• Results obtained are similar; this method may be less conservative

• Note small voltage angles



Feeder load
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• Smoother demand curve

• Define statistics similar to transformers (maximum diversified demand)



Summary
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• Allocate load to size transformer and study voltage drops

• Method 1: diversity factors

• Method 2: transformer load management

• Method 3: allocation factors

• Requirements for every method

• M3 features linearity in flows; none of the methods considers losses

<latexit sha1_base64="bWISi1zMT+e+prEm9upU/5MKLjM="></latexit>

d̄Tk =
kVATkP
m kVATm

d̄feeder

<latexit sha1_base64="KIA8F0Nrl+jB8mF/dVHTqNJtVaM="></latexit>

d̃n �!
X

n2Tk

d̃n
linear�!

regression
d̄Tk

<latexit sha1_base64="FSzhxSwE2ZpIq3cVvWlahnWll5I="></latexit>

d̃n
linear�!

regression
d̄n �! d̂Tk =

X

n2Tk

d̄n
DFN�! d̄Tk


